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Abstract. Acid effects on the ICP-AES signals are studied as the concentrations of nitric acid,
hydrochloric acid, sulfuric acid, and 1:1 mixture of nitric acid and hydrochloric acid are changed.
Almost all analyte signals are depressed. The extent of the depression due to the presence of the acids
became o be pecular when the acid concentration was over 1%. Among the acids used, the sup-
pression due to sulfuric acid is most severe and unexpectable. The ratios of the analyte signal to Ar
signal and the Mg Il signal to Mg 1 signal are measured as the concentration of the acids changed.
In this study, it is proved that the main reason of the signal reduction is the change in the
nebulization efficiency, for example, droplet size distribution, viscosity and surface tension variation,
not the alteration of plasma excitation characteristics. There was no relationship found between
ionization potential and analyte signal reduction in 1CP-MS.
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Table 1. ICP-AES operating conditions

Generator 27.12 MHz

Incident power 0.9 kW

Reflected power <5 kW

Plasma gas flow 15 L/min

Nebulizer gas flow 0.6 L/min

Sample uptake rate 3.0 mL/min

Nebulizer concentric pneumatic nebulizer
(Meinhard)

Table 2. Wavelength table of the elements measured .

Elements Wavelength (nm)
Mg 11 279.553
Mg | 285,213
Cul 324 754
Co 11 238.892
Crll 205,552
Ni I 221.647
Mn I 257.610
Call 393.366

Ar 420.068

Table 3. ICP-MS operating conditions

Generator 40 MHz
Incident power 1 kW
"Reflected power <2W
Coolant gas flow rate 12.1 L/min
Auxilary gas flow rate 0.6 L/min
Aerosol gas flow rate 483 mL/min

Pressure main chamber 4.5 X [07¢ torr
interface | - 2 torr

Detector multichannel type (—2.35 kV)

Nebulizer concentric pneumatic nebulizer

(Meinhard)
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Fig. 1. Acid effect on Co II signal in 1CP-AES.
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Fig. 2. The relative intensity change of Mg Il and Mg
I signals as observation height changed.

MR IE - RN - B4HH - B

24 AZA7 Y HRAE 2 A ql A} o]
9 signal profile® ¥¢ltd. =%}, aerosol flow rated
wsla] 7| Mg ol 241 A7 /Mg fAkAd A7) wlE
Z4 e 277t Fig 3o veht k. Fg 2, 3 oA
vreh o], ofd EejEql Ay o] Wi we}
A, Mg o] &4 A7) Mg |xbA1 A7) el 7 wslng,
o] g+& EAslo] Zeb=rle robustaness® & 7}
alct.  Aerosol flow rates} A& FUH5 & U314
3t31 5 ¥olE 10 mm FEolol H AR &, Ak
FEE WA 7| mH A Mg o241 e} AlZ A7) 2} Mg o]
241 o Ar(420 nm) A 2] ¥], Mg o]-241 o} Mg x4l
2] Aj71n] & ddtHAg. 4).

0.40

0.35

0.30 F

Mg(ion/atom) Ratio

(mL/min)

Aerosol Gas Flow Rate

Fig. 3. Mg Il / Mg I ratio change as aerosol gas flow
rate changed.

120
1of
= ¥
B b
[ =)
2 [ Qg )
= E
o 100f &,
[
o
K] b
E S
S gof
z GSEED Mg 1
CEEERI Mg H /A
AL MG | Mg |
Bo:Auu A Al asapal Al aadaik " Ak, saatl PR STT]
0.001 0.01 0.1 [ 10

(v/v %)

HCI Concentration

Fig. 4. Acid effect on Mg Il signal, Mg If / Ar, and
Mg 11 / Mg 1 ratio,

Journal of the Korean Society of Analytical Sciences



=AY Szt WS

e Al E5e] Mg o] 24, Mg o] 241/Ar4l 9] gt
2 A9 Fxrt S “]'EPH A g7y 7Fasked o
=, Mg o] &41/Mg #1z}4l o} Al7]uls A2 W= ¢
ekl mhal, Al& o] 7}A47} plasma excitation condition
o] wislel| 7]1H FlolzpH, Mg o]-241 /Mg Akl 9|
A7l Abel F= Wt wlep zpelr) glE 7o)
ot =g Are] plasmadl A A& FE7IE
of -2 @Ho] glem g Mg o] & /Aral e A 7|u]7}
Mg o] 2 e] 4154 7] Wiste} oft tfE Zlog o5
gk AA A A5} 0.1%704] 9] 4k s R A T
o) vl7} M2 vl &sled om, 0.1% o)4ke] A4t F
o A= ofzkd zhol7l AL whebA], 0.1% o] 4 =
ko] Frel A HAAF-e] ASAY] 4
49l EA bl ojF dske] 2 A& ek ) 3
t}. 28]} plasma excitationel] 2)&F o o] =F2 gl
& A2 R oA FE =, A Mg o241 /Mg b4l 9
H I 3 Abe] FRell A wi-$- A #ut st eyt
1=

Abe] Fx Wby} Mg #abe] ofv *E"’5¥ 5}

= % 7P fae AsA 7l el A=
sted, WREFHE o] &-8lo] 4te %"E"*
A 719 H3tg BA sl HgkohFg 5. L A3} Fig
SolA] HZo] HAF Y4 E WFRELRE Ao

l:_‘r.o
-

a8
i
2 =
o

3 B

B Abe) FEo| BE JFL Al FY 571 9
dAet. ool HF B MM, Ardle AEFE
120p
11of
> E
3 :
8 100f
€ F O &= “i‘——é
hel
@ <
2 gof
(e} F
£
O
Z GEEEDMn || /Cr 0 HCI
80 GEEEEINI W /Cr 0 HC)
b 2aamA Cu il /Cr I HNO,
L YT Y BT

(v/v %)

Acid Concentration

Fig. 5. Acid effect on Mn Il / Cr I,
and Cu II / Cr I} ratio,

Nill / Cr I,

Vol. 5. No. 3, 1992

AgE Aol A Ae] e 2 g 281
WHEESR A}8sle] 2 A3, 4 Fxo) ulE 7t o

2=2) 4134 7)1+ Fig. 60 A & upe} 7ol 7 2] z}o)
7} glsdch

110

100

Normalised Intensity Ratio
o© <3
S =}
T 7
Z
=

N. ] /l\r

Cull/Ar

:Ijjll o Aok 2 LIE 1 et i atal 4 A 4 24123l " fd AL
705607 501 o i 15

HCI Concentration (v/v %)

Fig. 6. Acid effect on Mn 1I / Ar,
Cu ll / Ar ratio.

Ni Il / Ar, and

AEA R o] F AYATAZE w]Fo] Ro] Ale] F
=7} Frld o welad AlEA 77 ol 2%
Q)2 A ubH 2. 2 nebulization process®} transport pro-
cessoll A delub= 719 -& o 7r) alem, ofg2 3t
2 Ao} 2%t W3} % plasma excitation condition
sholl 2% Mol Beld A9 wslel ofsle] 4l
717 o & e B8-S of 7 olvh whepA.
A EE B o, o)#dt AEE wste] 7]7|9 3
718 871 ek dE B, £
o] 2= E AAHA FAA7)7] 217 Pz gl
ot 7iel B-palel & AAsks 7 S0l Aol

ICP-MSel| 4] A1 gholl
vaporizing particle2] °33fo] Z{toj mbF gl o),
Abel] o] g of ko] Mk R X) = g Abe] dEkg @
2As}7] 28l Mg, U, Zn, 7173 Ba 59 ¥47} A
Abel] 2o} gl "‘]ig— FHlshe] 4 A Fig 7

»
Bol 2] %

u] %] ¥= aerosol droplet3}

o slvh WEAlZ el 2] Bag A7 o

& FEe] AbelA] o] AR AEA7 e Zha ‘4'4
Wk o]t Ak whEolla] izl AR v F
o] Ho}, 4kell o3l & A Y plasma excitation



282
120p
100F
> b
® b
i = o
3 : \
E 3
o BOF
b4 b
R4 b
© L
£ 3
5 b GIEO
2 60_L ca;;a?g \
.1
b u

40 01 1 10

(v/v %)

PV
0.01

HNQ; Concentration

Lot PR
0.001

‘Fig. 7. Study of acid effect on the analyte signals in
ICP-MS.

condition W 3}oll Fi= o go] HA ] vebtohr] B}
£ o]l2Eo| AgEAr|E 3549 o Yot recom-
bination % collision £¢] #AHS 4271 ‘pinch ef-
fect 9} d@x)o] Y24 571 gl &, plasma 9}
mass specirometer2] sampling cone&] interactioneil 2|
a4 4 =+ secondary discharge®. 2l5ke] B 5=
collision®} recombinatione] A 71™ mass spectrometer
2 extraction®& ZAHAE o] o HEr} A3
t}. wabd, whEo| 4 B} mass spectrometryel A ©i
AR MRS Y S gl e agA &
A Na 59 od gk wrao A Rr} mass spectro-
metryol| 4] 41 A st & A gwxl Abdelet
a2 HRE AsA7EE AR HEE Hel3 9l
=d), 83 UL A4aEr a2y HEE sk el
t} o]eigt wistel ¢ xjeol} o] 2-BhAl gl eke] A
A S atolBgktHTable, 4). ©] Tableol A B.5-0] Zn
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Element Atomic  lonization  Percentage of signal reduced
weight  potential in 10% HNO; soln.
Ba 137.3 5.21 13.3
U 238 6.08 36.0
Mg 24.3 7.64 28.6
Zn 65.4 9.39 23.11
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