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Determination of Silver in Steels by Electrothermal Atomization Atomic Absorption Spectrometry
with Gas-phase Sample Introduction Method

Akihiro MATSUMOTO and Taketoshi NAKAHARA

Synopsis : A trace amount of silver was determined by an electrically heated quartz tube atomization (QTA) atomic absorption spectrometry (AAS)

with continuous-flow gas-phase sample introduction technique by use of both tartaric and hydrochloric acids as reaction media, and potassi-
um tetrahydroborate (III) as a reductant. Under the optimized experimental conditions, the best attainable detection limit for silver at
328.07nm was 0.4 ngmL™". The instrumental precision expressed as the relative standard deviation (RSD) from ten replicate measurements
of 50ngmL ™" for silver by QTA-AAS was 4.0%. After the effects of diverse elements on the determination of silver were examined, this

method was applied to the determination of low concentrations of silver in steels. The results obtained by the present method were in good

agreement with the certified values.

Key words : electrically heated quartz tube atomizer; atomic absorption spectrometry; gas-phase sample introduction method; silver; tartaric acid; steels.
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Fig. 1. Schematic diagram of QTA-AAS with gas-phase sample introduction system. a: sample solution, b: tartaric acid, ¢: hy-
drochloric acid, d: KBH, solution, e: peristaltic pump, f: mixing joint, g: argon gas, h: flow meter, i: reaction chamber, j:
reaction coil, k: water bath, I: gas-liquid separator, m: waste, n: electrical heater, o: quartz tube, p: exhaust.
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Table 1. Optimized operating conditions for the determi-
nation of silver by QTA-AAS with solution nebu-
lization and gas-phase sample introduction.

Solution
nebulization

Gas-phase
sample introduction

Optimum conditions for QTA-AAS

Wavelength (nm) 328.07 328.07
Hollow cathode lamp current (mA) 4 4
Spectral band width (nm) 0.2 0.2
Background correction Deuterium Deuterium
C:H: flow rate (I min1) 0.9 -
Observation height (mm) 7.0

Gas-phase sample introduction
KBH, concentration (M) 13
KOH concentration (%) 0.1
HCI concentration (M) 0.5
Tartaric acid concentration (M) 0.3
Sample solution flow rate (ml min-!) 5.0
KBH, solution flow rate (m! min-1) 1.7
HCI solution flow rate (ml min-!) 1.7
Tartaric acid solution flow rate (ml min-1) 5.1
Atomization temperature (°C) 1000
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Fig. 2. Effect of KBH, (O) concentration on absorbance
for silver (0.1 ugmL™") by QTA-AAS with gas-

phase sample introduction.
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Fig. 3. Effect of hydrochloric acid concentration on ab-

sorbance for silver (0.1 ugmL™") in the presence
of 0.3 M tartaric acid by QTA-AAS with gas-phase
sample introduction.
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Fig. 4. Effect of temperature of the electrically heated
quartz tube atomizer on absorbance for silver
(0.1 ygmL ") by QTA-AAS.
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Table 2. Interference from diverse elements or ions with
the determination of silver by QTA-AAS with
gas-phase sample introduction.

Species*  Added as Relative absorbance’
Au Metal in HCI and HNOs 7
Ba Ba(NO:): 82
Be BeSO: - 4H:0 82
Bi Bi (NOs): - 5H:O 8
Ca CaCOs 86
Cd Cd (NO:s): - 4H:0 86
Co Metal in HNG 84
Cu CuSO0. - 5H:0 24
La La(NOs): 85
Pb Pb(NO:s): 50
Pd Metal in HNG 3
Pt Metal in HCI and HNO 42
Sb CH.OsKSbO - 12H-0 89
Se Na:SeOs 84
Si Na:SiOs 83
Sn Metal in HCl1 4
Te Na:TeOs 61
Br~ KBr 64
Clo,~ NaClO; 63
I KI 65
10,” KIO; 77
NO:~ NaNO: 57
SCN ™~ NaSCN 12
503:7 Na.SOs 83

*. Diverse element or ion added at level of 10000 ng mI".
7. Relative to 100 for the absorbance of silver (100 ng ml"') alone.
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Fig. 5. Effect of oxalic acid (@), phosphoric acid (O) and

EDTA (H) concentration on absorbance for silver

(0.05 He mL™') in the presence of 20000 ug

FemL™".

Table 3. Determination of silver in steels by QTA-AAS
with gas-phase sample introduction.

Silver [ ugg’
Sample * Certified value Present work '
NIST 363 37 337+ 1.1
NIST 1765 2 1.96 £ 0.3

% . NIST : Standard Reference Material issued by National Institute of Standards and
Technology.
1. The mean + standard deviation, based on 3 replicate determinations.
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