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The Effect of Acid Concentration on the Emission Intensity of

Transition Metal Lines in ICP-AES

By Tamas KEKESI, Kouji MIMURA, Masahito UCHIKOSHI and Minoru ISSHIKI

In order to obtain reliable results by the technique of Inductively Coupled Plasma Atomic Emission
Spectrometry (ICP-AES), it is imperative to avoid or correct for interferences caused by the matrix of the
solution samples. Differences in the acid concentration between the samples and the standards can significantly
affect the analytical results. This effect has been investigated by analyzing several series of solution samples.
The increase in the acid concentration is obviously accompanied by an increase in the viscosity, resulting in an
initial decrease of the analytical signal. Further increasing the acid concentration, however, brings about a
positive effect, which is largely enhanced by applying higher HCI concentrations in the washing solution and is
efficiently reduced by purging the solution feeding line of the system. The positive effect is presumably related
to the enhancement of excitation. This interpretation is suggested by the comparison of results obtained by two
different instruments and different kinds of acid in the samples. The obtained relative intensity functions are
suitable for the mathematical correction of matrix-induced interferences, provided the conditions of washing are
standardized. (Received October 10, 2000)
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FETZEBMOENTWBEL Z OB EIRMVRS FIEL LT, v N v 7 208t (REHAK
REERROEEMERELZFA—ICL, BEZ2HETS) NEICAVLNERY v ) vy 20
BRHNELRTE, NWEEESLUIEILITRASNS. 2 TORBARD L OESESRIRICSEmERM L
PIRETRREICH T 20 e RBEOHIMEZ AT 2 & T, 42< L L BREOHBHMES
DORECERTIEEBZMVR I ENTERP, UL, BENEELES, HETEICEE S
RWEE LAY MBREAETAINEBIE LR 2 RHET 2 L3 Ly, /-, NEREITX
7 MFBERS S HEIZITRY 220,

EREREE LT, REENEL, RBBRICEL OTENE TN, &6 ICRBBEROBEED
ERIRVEDRE (FIZIE, A AV TR CTEBEETROBHMBEE RO ZERL L), v ) v 7 2D
BAERPNREIEOFEAII TR0 B 1E0 0 T3, KRNI LREX 245, 2 C, BEpS
ZRETRFEMECRY RS, ERHERESLEA LEFEMICHIET S, REOFERYFX
na. HlzE, A7 PAFHBIZXHLTUE, BIETROZEESITEZITWY, 2006 FBo @
BROERZRINTS. i34 v F— L AV MNEEEE (FHBITED A MBEKERS 23E8
THIE) BICXY, WRTDIENTERLEZXLNS. LL, BEVEEES{LOREICEALT
W, AR E L CRIBENRES.

£ ZTAMETIE, HBBS LUOHBERTOBBERTEORLEARY MLVBEICSHT ABEEED
EZHFMIIRFTDEEHIC, BBEEZ T A—F L LAY MMHESREOE(LEERDT-.
T, TORBRZE, BELRBBROBBERE (v F) v 7 20ES) CHEEELERET,
BN EREE RV, L0 HECRER ICP BAOHSINEITO DO 2R LT,

2. RBHE

FEBSBITROBEMEFTERD A A 33k L CHEBEERIERER) D bIERK L - R KK
WL, BRESRBITREENK 2000 mg/dm® OITLIFHE AR U7-. SR EEIMAK SRS X BHTH
BECRWBEOREZSIKERD I IICHRB L. ZOTEK S ERIT 5x10° dm™ (5 ml) & EE
L, ExREMREL 2D XOFERDERE XU A Mk Z %, % 100 mg/dm® D434 R
BHAIK 0.1dm’® (100ml) Z{ERL7Z. ZOFEICLY, BEBSBTEOBEN—E T, HEEEGHE
2% 0~ 11.5 mol/dm® ORENAK 2 ZEAER TE 7=, 7o), EREEREEITREAKOPRIEEEIC L
VRO, FRRFET, BERORHABHIER L.

ICP &34y Y3472, Perkin Elmer #8810 Optima 3300 XL 35 X OB H#ERI/ERT(BR) LD ICPS-1000
VRO 28EX AV, SITEEOREICLD ARSI MBEDEICX LTHLBRA L.

Al O Optima 3300 XL B35 LWVEBE BOPBAN TS, X754 PFITiIZ 7 n R 7 o —RE g
ALTWS., iz, BEE~ORBHRBROMBRIIRNY RINLT 4 v V7 EXBR TS (Fa—vr rE
BRT) XV —ERICREBE SN, REBFROMESICIZREN NSV, ST b—FITRE
RERER T, 7AIFRA D27 F—Fa—T2RBEL TS, SRBII TS X7 L—LEhHH
DERR EIZBAMAT B, WhwBET7THFU v )b« Ea—(axial view) FRERALTWA. 75X
7 L— AR LBREANL T H AL LTEREZKL, 7V —20DRK%E2 7 L — Ak LEMAIZH
o, BEMEVEBRNODARY MABRHSABICAVALOEHNTE Y 8 CRINAD 2L, 3
HEDOEERENFRETHD. FHBITT T = VBRTFRY 7 urA—B8HVb6h, LA b
135387 L—BI CCD &% (SCD : Segmented-array Charge-coupled device Detector) (2 & ¥ —BEIZ %k
RDOARY MBERENTE, ZnRFARSITBFETHS.

—%, #%FD ICPS-1000IViIEREDEE CTH Y, REAREZERITIIN S ABE#MB R TS5 4 %
BEfHT SR TEY, REHRKI/NNIB R 7LV X T 54 FIRBItg Ens. 759 X< h—
FIIAEBCRIEBHBRTH S, i, ARSI A=DIEH S BRFMONEETRET S,
WhpD T T Ea—(radial view) FREZEA L TW5. ARNRIET/ 702 —F—2RTE R
2 K JUA photo-multiplying 512 L DR E 5.



YRk 12 4 12 A ICP B HAITRT BB SR ITROREIEA Y MREIIN T HRREDEE

SIRTRED R ESRMIFAAIDBE S — IR L2, SR OBBICHEVIITEOEFORL X
EBOREEOE)VBBEINTZ. ZOSHEOEENTST L TiE, BEHARO BIE/TR THRIERE
BROREEZITV, RN THERE (Fuw) AV, SFEOHEZIT 7.

C
f stab = = std,_o (N
Cstd, i + cstd,f
C qao VIEHEEIBE P O EBOWEE, Cuui BEV Couar FREHFEORNERTHE TRO 72K 2 OIZHERIK
DOEHBEE R RT. EEREB LT T o 7 BEOEMEEIZ 6 mol/dn® —E L L=, B, 75X
= ~OREHRE D = —a VN E I —ENE D DR T 70, 77 7 EKRIZE L THLERIE
TRDANY b ERDICERBFEIR T AN MUEEZRDT-.

F7, FTHEBPE LT WVERECRWVWREBEROGES, X7 7AVY0FY) 7 0 ZMALB LU
Cx g A —Fa—TNEELERENDHD. FIT, 1EOREKRTECHEBERERL, +o%keik
WEIT-Tn. ZOWECHW-ERREROBEEIL2 ~4mol/dn’® & L, HEWZGUTCEEBESRRE (9
mol/dm®) TOWEE HIT 7.

3. EBERBIUER

ST —Z OREHTICEE L, EPTENTEE CHESNZBBERTED AT MLIREE( 7)%2 (1)
DR ELE( foan WXV ME L, &IZ, EEBEBERENE ST B AT MUVIRE( 1) & BRI
LONELTERDZ., ZOTMEBEOEND, RQ) KLVERAT MLVOFMEXIRE(] H)EEB L, =i
BECRHLTTry FL, A7 MEEICKT HEMEBEORZEL RO

]r _ ]'fstab
1
Fig. 1 {213 B3R RIEFTR O ICP-AES %

@

P . . " Rel.int. = a + b(HCI) + c(HCI)*2 + d(HCI)*3 + e(HCI)*4 + f(HCI)*5 + g(HCI)*6
ETHRLN, BBERES TERDFESA _ Wave:eznggggm 3 02317 0.08286 0.00727 0.00028 ! ¢
Ay MBI A IEEERE O/ R % 275085 1 03958 0.10549 001604 000115 5 19E.05

. N 0.9 — o 235342 1 -0.40084 0.18772 -0.04941 0.00730 -0.00055 1.65E-05
FLHTRLE. ZOHEE, HEMED | To7s4 | 30467 009387 001545 0.00120 -3.50E.05
W Ve R\ 1 T I S HE R ( 9 mol/dm®) % {# . 20203 1 037024 0.00007 001458 000117 SSIECS
8 —
_ . : >
ALTW3. —JF, Figs. 2~5 X P?rkm 3 |
Elmer #£8¢0 ICP—AES (EEAVE ¢ .
L7, Co, Cr, Cu, Mo DRI} AT kLK ?>, |
i+ 2 EMRBECRELTRT. O § 06 —
FREELTABERTRIELRR, £OF 4 ]
B ARY RTFRHODIREROT — 05
ZEBRA L. itk RBHEBREARD )
a4 A (8 BE HE R (2 ~ 4 mol/dm®) & 0.4 —
AWl axmH, GREERKRCO — T

mol/dm*)%& FAV 7237& &2 OHIT/R LT,
(BRI L AIRIFOHEITE, £O HCI concentration, mol dm™

% & HIZ MK & i L CREHAEEA RN Fig.1 The effect of HCI concentration on the main emission
UL ALTWS, 72, MEBBERICE intensities in ICP-AES ~ (Washing with 9M HCI:

F BRI R ALY NILERBEEIZ KT A YRR 1 min, rinsing with sample solution: 1 min)
EoRE (AETTRY) bHFFCLI.

B R EFTRLO ICP-AES OB (Fig. 1) TiE, HREHE ORIV R R b VAER EE I 2
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Fitting Polynomial Coefficients for HCl Samples

16 — Fitting Polynomial C ients for HCI Sampl

’ Washing: low HCI + water  9M HCI Washing: low HCI + water  OM HC!
Degree 0: 1 1 Degree 0: 1 1
Degree 1: -0.0395735  -0.0695681 1.6 — Degree 1:  -0.379787 -0.100241
Degree 2 0.0192261 0.0795884 Degree 2: 0.237657 0.0876509

— Degree 3: -0.00233984  -0.0155378 Degree 3:  -0.0634494 -0.0155628

Degree 4: 7.55472E-005 0.00119934 Degree 4.  0.00833534  0.000789756
Degree 5 0 -3.43005E-005 Degree 5: -0.000533698 2 79609E-005
Degree 6 [ -1.06672E-007 Degree 6: 1.33305E-005 -2.74523E-008

1.4 —

Perkin Elmer Optima 3300XL

Relative Intensity (/;)
o
|
Relative Intensity (1,)
o
|

] HCI samples. Washing: SM HCI.
| HCl samples. Washing: low HCI + water.
A Nitric acid samples. Washing: 9M HCI.

B HCisamples. Washing: 8M HCL.
“ {71 HCisamples. Washing: low HCI + water.
A Nitric acid samples. Washing: 9M HCL

0.8 —

Perkin Elmer Optima 3300XL

0'8 T | T I T | L | T I T J T | T | T [ T I T
0 2 4 6 8 10 0 2 4 6 8 10
Acid concentration, mol dm™ Acid concentration, mol dm™

Fig.2 The effect of acid concentration on the intensity of  Fig.3 The effect of acid concentration on the intensity of
the 238.892 nm Co peak in ICP analysis. (Washing time: 0.5  the 284.325 nm Cr peak in ICP analysis. (Washing time: 0.5
min - including 10 s flushing at increased flow rate. Rinsing  min - including 10 s flushing at increased flow rate. Rinsing

with sample solution: 50 s) with sample solution: 50 s)
_ Fitting Poly ial ©. for HCI N 1.8 — Flﬂlng Polynomial Coefficients
Washing: low HCl + water  9M HCI Washing:  low HCI + water  9M HCI
Degree 0: ! ! 323?22 T ooserore 0085121
Degree 1:  -0.0330081  -0.0694821 | Y .
Degree 2.  0.020044 0.0820108 Degree 2. 0.0134776 00561472
Degree 3: -0.00267028  -0.0165753 Degree 3.  -0.00100675  -0.00981577
14 — Degree 4 0.000102812  0.00111372 Degree 4: 1.29952E-005  0.000373249
- Degree 5: 0 4.44097E-006 16 — Degree S: 0 3.43264E-005
Degree 6: 0 2251776008 Degree 6: 0 -2.37426E-006
_ —
_ s
= T 14
2z = 7T
s >
c o
L & _
€ 12 c
© o
= ;
® © 1.2 —
© Perkin Elmer Optima 3300XL [}
o o
HCI samples. Washing: SM HCI.
7 HCl samples. Washing: low HC! + water.
Nitric acid samples. Washing: 9M HCI.
1
1 B HClsamples. Washing: 9M HCI.
O HCI samples. Washing: low HCI + water. |
A Nitric acid samples. Washing: 9M HCI. . '
Perkin Elmer Optima 3300XL
S R B B N T T T T T T
0 2 4 6 8§ , 10 0 2 4 6 8 10 12
. A K . . 3
Acid conrentration. mnl dm Acid concentration, mol dm

Fig.4 The effect of acid concentration on the intensity of Fig.5 The effect of acid concentration on the intensity of
the 224.700 nm Cu peak in ICP analysis the 202.031 nm Mo peak in ICP analysis. (Washing time:
(Washing time: 0.5 min - including 10 s flushing at 0.5 min - including 10 s flushing at increased flow rate.
increased flow rate. Rinsing with sample solution: 50 s) Rinsing with sample solution: 50 s)
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AR T 2HmA R on-. BEMICE, &
i DR BESR CIIE AR BE NI 5 Ay

MLEXIRE DA RE TN R ONZN, £
D% 3~ 6 mol/dm® F&EE O th % BE I C{K T
MITERL, IOICEHRBERIZLS & Cy, Ni
DX BERHEIE T H DO LR oNT
2y, ZLIEBEUKRT T 2EmAED L
Z DIEFEEE NG X DA TRE DT,
HEHERE A S AT MR AERZEALTWY
LI ENFEREEZOND. T72bb, HEE
PR REEANNC A 5 REHNAR O FEHERINC L D & -
REEREDRBEAL L, FoRER=—a YL 12 —|
DT T AN ~OHFGEEPRT LIz E X -
b b, ICP SHCIIT 5 AR BR L% 1 ‘ l : ‘ , ‘

X DRMERIMO BT, T CICEONEE X 0 . 8 12
NTWaM 2235, Fig. 6 ([CHEREE L UL Acid concentration, mol dm”
DRI LE D M 2R, BRIREH

IS BE RN OBEM &2 R 5 = &8 Fig.6 The effect of acid concentration on the viscosity of
T&E 5. the solution.

— 7, Perkin Elmer ##! ICP-AES DR
(Figs. 2~5) Ti, @< B2 EBREORENBE SN, BEMITIZ, BEEEORER TR
RN RO FE R RE X E TR T ABEM L RO D, FORMMIER L, 6mol/dm’ BREDH
PR CRABEICEL, SOICHMEENELSRDIEFEHETLHED D, L0 KRILEOHEANE
S/, BT, BIEREOWEERC EREER(9 moldm’) & AW A, REERTORAY bR
BRI L <AL, Mo DX HITEIIMEN 0% 2B 2HFEbRAONT. TR, AEREDK
B EEERE 2 VY, X HICHIAKTY v R LIEEA, BEEEEICXTT D R hIVIREE O RIE A
LB - TWBD, LB/ EWV (R27 ML OFTREN 0.8~1.1 12 E 3) BEBELI

IO X D ICHARBREE S 1 BT IS E B E K D1F, RIEERE CIITRENATREA L AT MMIRR R 7
AL, REHREORMHELICFEDL LT —ERORBT— 0 L2 77 XAvNIHBTE L7120 & FE
N5, E IR, HEEO DB T ALY LB LEKEEL & H/FRICEL T,
O T ALY MR RN S LR (FIZE, 77 AN TRIETLE ORI Z & D 5H)
DIFIENHERI & 7=, )7, BERVEFTRIO ICP-AES OFEHR (Fig. 1) 25, HEEEO RN THEX)
MEEDIE FEMMAMERT A L AR LD, THLRBERDIERFEL TS LEEXLND. £ 2
T, AT MABBEZHL LT AHRICHOVTEL LN L AREMEZBRFT L TH.

% 10000 K D75 A<@iBNT, Ar TADOA A bFRIF 1 ~3%RETH L. Lin-T, Ar
5 ARG EEAS 20 dm¥/min DS, BT OMREIZES 102 04 —F—T, BRI INOOEFNT
5 Rw N TORETLEDREIED > TWA. —F, REWAIEZ | mVmin TG L7256, EHEER
RBE D 1~10% & FTHUE, 7T X~ PICREHER T OKFIA 4233 10°~10% /min OFE THtfa S
HLEZLND. FOK, HEEEENEGTE, RENARTICEE L OKFEA A (ERIZEKRL
HO L LTHET D EEZOND) REENDZEND, =—a YL e LTT I XAvRICEASAMR
VI — 3R — (A A AR ERR T, T XRNOARET (B LIoKERF) RESEMT S
LRREND. YERARND, ADTFNRT T ANTHR, MHELKERTFLRLE0Db, [ Z50NTK
W R L F—CAEEINERT S EEX N2 2R, ZoEMARKREFARIETLE DR
REEA S, ERERECHL TELLRETSZ L THRRRDEG bR L, RETANY
LSRR L b DL HEESND. —OOFREME & L TR AR ORI E K L7, FALeBE

22 7

2 —
~

1.8 — HNO 3

HCI
1.6 —

Relative viscosity
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ELT, 7RI EAINTARENRFIRICHEEEL, ZOFMRKERFIEL RBERL,
WS e R SICEN - RN H B T BB STV A

—7%, BIEMEBEORFICHEBEREMZ AWEE, A7 MUVHEIBEEN X I KLT 5 EM
(Figs. 2-5: MENTTR9) B@ROLN. ZORKRY, 77T AHNOKIRRFEREOHE MM —R L E
bhsd. ZOHE, Imoldm® &\ D FEE DR CREHANEA R L KSR, Mikicks) 2%
IToTWgW. L7z oT, BEENCIIEEEEREN VRN LEE L TCWAAEERE. 20
R, o—o VL RICEBERBNBAL, 77 A~vHNOAREFRENAELIEZbDOLEEILNS.
FE 7@ AL, RENHEBERK OS5 A (Figs. 2-5 : AHITROICHLBESN. ZOEA L GiREHERE
THEE, FAKCEIDY AT TELT, RIIVEERNICEREBE L -BEEHEBORBLEKS
na.

WIZ, REHRIROBEBENE LIZE
K BRoles, WBEK TIIARS b ]
IV OFEXTBREEMME T 3 2EHANRD &
Nz, —F, WHEEAIR TIXMXERE D
ETIIBRECRDLONZN-T=. ZD
—R & LT, BEEREERITAE D Rtk
RKOEERETEZOLND. LHL,
Fig. 6 LA LNR X 51z, HEEAR
DGR bIEBETER & Rk RS
D, MEBRROBRERSICH 2000 —
BlTE AR\, FZ TFig. 7 ICBEBEI

Vapor pressure, Pa
Vapor pressure, torr

HNOg+ H,0[  1©

x4 B RS & BRI IR DR ST 120 (et sel) ol
2%~ L7108 ZOEMNS, BBEE Y T T T T T T 7T 4o
B TR R ORTUEDE L BT ’ * Acid c?oncentfation r1'r$ol dm‘132 "
L0zt L, MHEEEEROARIEN S '

W52 850 B. LEN-T, Fig. 7 Vapor pressures of the acid solutions.

AJEVNEVEIRE OEMAEHAKZ

EEL-E, ARIEEENOEANEEY, THCHVREBRROEERETAHREINS. FR
IRz —e VD7 T A N~DOHBENRBD L, ThBRARS MEERTO—EHEEZ OGN
5. —HWBEAROSES, BRECHLEAIJEXELS, EELRMREROETHE Lol bDEEZ
bhd.

7233, Perkin Elmer #£8! Optima 3300 XL B D 27 MLVHEIERIZT X v - La—FRXEHEAL,
EBITSTIRAT T L —LORRE VT HATHIT, BABZEEHEL WS, ZOBER, 77 X<
N CTOKFRFRERIMC X D AT MVIREOHEMIBURIZIE L, Figs. 2-5 DFERMBFEIR LI L
Ezbhd. KL, P70 - Ea—FROBERIEFRR ICPS-1000IVEITiX, 'S X<T7 1
— LA OEEEBRICHFEET I ERERBORFICL2HERN LH Y, A2 hSRE ORI BUR
Wt LE NS, 75 X~AROAKRREEMODELAEIZEARICIIRBR LR 272 bDEEZXS
nd.

& = AT, Figs. 1-5 DEFITIE, AEBRTROIZEREBBITRED A S b ILIE X REE D BRI K
TR EEMICTT 74 v T4 7 h—7 (BERIC X B8 OFRKE R L. ZOBEEZAWVWT,
BRI R L ORENEIR OB EE Iz D8 I, ga BED 1 cample 2RO, ZOHD HEEREIC
T BBERI( S i EDND. LN TREG)E AV, ICP - AES THOILZRIERE (RENTO
SINTE, Cupp) DO, EEOGHE (O ZRETDHILNTED.



TR 124 12 A ICP IS DI RT H5BBERBITERDORI AN MAREIIH T S BRBEORE

_ ]r,std
C=Capp - fstab _1— =Capp fstab ’ facid €)

r,x
FEREIZ X D BRI f 0 JTB TR B LOBRERERICEI VR DD, 2L OFELLA- -
W& LTz, ABFFETHE, RIETFEN Co, Cr, Cu, Fe, Mn, Mo, Ni, Pb, V, W, Zn DA I1T 5 FHXHIHE
B L OB I T A RIERE A R, EHICINODEEZRT A—F L L THIAAT ICP 55T
T — % A OfEMT > 7 b ANDIS (ANalitical and DIStribution data processing) 35 & U' ANEL (ANalytical and
ELution data processing) ZBHFE L7-. TN OOy 7 M, BAF - RBOLHEGRE L OB

BERDHBBCEMTH Y, FHEICP—AES ERTORBARSHT — & WBEHER S 17

4. #

ICP S5#T{E (RIE LI BBEBILREDORIEALT MVERE) 12T 20 EHAROBBEOKE
EHRALPC L. £-F0OREBOMHF X ICP-AES EEBICX > THER Y, HlITRBEREAL T
L GERARTHRK, MAFRE) REHALT PADORIN S AT L (THFIvIL s Ba—Fx, 7
T Ba—FRE) REEFTHZ L ERL.

HENARE A RICRAEZ A LTS ICP-AES B O E, HEERERE OB EVN AT hLEE
KRBT RARITART Lz, SRR S EERINIC L 0 75 A= ~OREHER Bt B MK
TLiHEEZLND. —F, BRAC7T2EH LURAIAEREEEREZ —EICHI#E LT 5 ICP-AES
EBOBE, HMHEMOEEII/NEL, WICHBBEOHEIMIAEVEED FRE TARY b LAE R
MARKEL RABEMMPBRES NI, TOART MVBEEOHINCEL TiE, BEER SR 77 A<miEn
WHES XN BICRRBE S L, T XAPICKBERFBRESEML, ZOEEKBELRSITTRORIEZ
RE L EN—FEHER N

ICP-AES ORBHAIKIERIBFICERAEIN D= U v 7 AEEEAR) OBA(LSOPIRETE ORI &£
ITER, AT R OLVEREEIZ3HT AR IEARER ORI AL, EREREOHEZICH I KELRER DIZ XV E
BCTHD. L, ZOFERERTHICE, EEEORRNSKRY BT, MHPHRERKEZREL
7ol L B U iR DL E R H 5. F7-, ICP-AES HHTRFIZEBW T, —RIOEIEEIZREBHLRE R
DEFREREEITOLERH D.

i

WEE ICP RSB LSRR EH N EB -7z, YFBINHOFERIER, KusciRK, RH
FnRKICHEHLE L BT ET.

X R
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