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ABSTRACT

ICP-OES and 5-Br-PADAP spectrophotometry are commonly used in determination of In3+ in solution. In this
study, the linear range, detection limit, precision, recovery and the application effects of ICP-OES and 5-Br-PADAP
spectrophotometry on determination of In3+ were investigated. The results showed that The results showed that the
detection operation of ICP-OES was easier and more convenient in comparison with 5-Br-PADAP. By ICP-OES
analysis, wide detection linear range and low the detection limit were obtained. In addition, the detection RSD value
of ICP-OES was smaller, meaning the good agreement between determined values and certified values. As a resullt,
| CP-OESwas more suitable for determination of In3+ in solution than 5-Br-PADAP spectrophotometry.
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INTRODUCTION

There are several determination methods of trateitnsolution, such as spectrophotometry, atomimgii®on
spectrometry, atomic emission spectrometry andrpgtaphy’. Among these methods, spectrophotometry is the
most widely used one because of simple structurmsifument, low cost, and simple operatfdninductively
coupled plasma optical emission spectrometry (IESPis a well-established multielement techniguerdcent
years, with the continuous wavelength range andewidtection range, ICP-OES has been widely emplayed
geology, environmental protection, chemical engimge biology, pharmaceutics, food, metallurgy and
agriculturé™,

EXPERIMENTAL SECTION

2.1 5-Br-PADAP Spectrophotometry

2.1.1 Instruments and reagents

Main instruments 752P Uv-vis spectrophotometer- (Shanghai Olympip@er Instrument Co., LTD), pHS-25
Magnetic digital acidometer (Shanghai Branch pienisinstruments Co., LTD), AR2140 Electronic balanc
(Shanghai Mettler Toledo instrument Co., LTD), 10080 uL and 20~20QuL sampler (Black & Decker Finland
laboratory equipment(China) Co., Ltd).

Main reagents Indium sulfate (AR), Indium standard solution (paal standard samples, the GSB
04-1731-20041000 -, national non-ferrous metals and electronic malerianalysis and testing center),
5-Br-PADAP ethanol solution(0.05%), NaAc-HAc buffeolution(pH=4.70), Anhydrous ethanol(AR). Deiormize
water was used through all experiments.

2.1.2 Detection principle

There are mainly three spectrophotometry methods ifidium detection, such as triphenylmethane dye
spectrophotometry, azo photometry and fluorone guhetric method. The method of 2-(5-bromo-2-pyridg
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5-diethylaminophenol (5-Br-PADAP) spectrophotometrgs adopted in our experiment. Under certain diondi,
indium ions can complexate with 5-Br-PADAP to foan orange binary complex. The complex compound has
strong absorption at 565 rith

2.1.3 Experimental Procedure

A solution of In(SQy); with a desired concentration was carefully pregatieen diluted to certain multiple before
use. The accurate volume of solution of(80,); was placed into a colorimetric tube(10 mL), andkedi with
anhydrous ethanol(2 mL), NaAc-HAc buffer solutiont®., pH=4.7) and 5-Br-PADAP ethanol solution(0.4 mL
0.05%) in order. The mixture was diluted to the knaith deionized water and shaked thoroughly. Wi reagent
blank as reference and 1 cm cuvette, the absorhveaseletected at 565 .

Standard curve: 0, 0.2, 0.4, 0.6, 0.8, 1.0 mL 5LMgdndium standard solution was respectively placedd mL
colorimetric tube. Then the absorbance was detesjethe above method. The standard curve of indivas
prepared with concentration and absorbency.

2.2 ICP-OES

2.2.1 Instruments and Reagents

Main instruments Inductively coupled plasma optical emission spentter (Perkin EImer OPTIMA 7000DV),
Electronic balance AR2140 (Shanghai Mettler Toleddrument Co, LTD), 100~1006L and 20~20QuL sampler
(Black &Decker Finland laboratory equipment (Chia., Ltd).

Main reagents Indium sulfate (AR), Indium standard solution (oatl standard samples, the GSB 04-1731-2004,
1000ug'mL™, national non-ferrous metals and electronic makernalysis and testing center)

1.2.2Working Conditions
The ICP-OES operating conditions were listed in.Tab

Tab.1 working parameter s of | CP-OES

Sample uptake rate Nebulizer gas Power Outer gas Intermediate gas
/(mL-min'?) J(L-minY) /(W) /(L-min?) /(L-min%)
1.50 0.2 1300 15 0.80

2.2.3 Experimental Procedure

The background wavelength corrections were perfdrm@nually at appropriate background positions ach
analyte peak. The best analytical wavelength auimdwas fixed as 325.609 nm. The detection wasaipdrunder
the conditions described in Tab.1.

Standard curve: 0, 10, 50,100, 200, 4@0indium standard solution(100@ymL™) was respectively placed in 10
mL colorimetric tube. The solution was diluted teetmark with deionized water and shaked well. THem
detection was operated under the conditions ol tab.

RESULTSAND DISCUSSION

3.1 Linear range

By 5-Br-PADAP spectrophotometry, the regressionatign of indium standard curve was y=0.705x+0.0I0%
corresponding coefficient fRwas 0.9992. In the range of 0~50§L ", the standard concentration and absorbance
values showed a good linear relationship. By ICPSQEhe indium standard curve regression equatioa wa
y=0.9875x+0.0654. The correlation coefficienf(®as 1. The standard concentration and measutads/ahowed

a good linear relationship in the range of 0~20Q6Q.™. As a result, the ICP-OES method was better than t
5-Br-PADAP spectrophotometry, due to the widerdineange and the better linear relationships betweeasured
value and standard value. The ICP-OES method dmaildirectly used to determine the sample with inadht the
high concentration of indium species in a simpleng.

3.2 Detection limit

According to the calculation method of IUPAC, thmits of detection (LOD) were calculated from thtarslard
deviation (&) of ten measurements of the blank solution angesl@tio. As measurement results showed, the
indium detection limit of 5-Br-PADAP spectrophotoimewas 0.028 md. ™, while the detection limit of ICP-OES

is 0.015 mg-’. The detection limit of ICP-OES method is nearlglfhof that of the 5-Br-PADAP
spectrophotometry. So the sensitivity of ICP-OEShoé is better.
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Fig.2 Standard curve of ICP-OES

3.3 Comparison of precision

Via the 5-Br-PADAP spectrophotometry and ICP-OEQr&ups of solution sample were parallelly deteedirfor
6 times. Then the determined values were averagddree relative standard deviation (RSD) of eaaghda by
both methods were calculated, respectively. Theltees/ere summarized in Tab.2.

Tab.2 the accuracy test results of 5-Br-PADAP spectrophotometry and | CP-OES

sample  5-Br-PADAP spectrophotometry ICP-OES
Determined value (mg?) RSD (%) Determined value (mg?) RSD (%)
1 7.49 5.83 7.33 2.15
2 9.26 2.84 9.19 0.89
3 10.23 4.05 10.67 1.14
4 2.96 5.58 241 1.94
5 5.69 5.35 5.30 0.81

The precision of method was evaluated as the velatandard deviation obtained by testing 5 gragwsple for 6
times. As shown in Tab.2, considering 6 replicateS groups sample submitted to ICP-OES, the RSP beow
2.15%, indicating good repeatability. And considgrifive replicates of sample submitted to 5-Br-PADA
spectrophotometry, the RSD ranged from 2.5% to 6B#jously higher than that of ICP-OES. Therefotee t
5-Br-PADAP spectrophotometry with poor reprodudtiiivas less reliable than ICP-OES.

Tab.3 Recovery resultsfor In* by 5-Br-PADAP spectrophotometry

Sample Original value /(mg") Standard Added /(migY) Determined value /(mg)  Recovery (%)
1 7.49 20 26.6 95.6
2 9.26 20 28.57 96.6
3 10.23 20 29.35 95.6
4 2.96 20 22.45 97.5
5 5.69 20 25.08 96.9

3.4 Comparison of recovery
Recoveries was necessary in order to estimatectheacy and precision of determination methodoldmcording
to the standard addition method, 5 groups of smusample were parallelly determined by both 5-BBRP
spectrophotometry and ICP-OES for 6 times. The vegowas calculated based upon the detection sgsatid
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were collected in Tab.3 and Tab.4 .

Tab.4 Recovery resultsfor In** by ICP-OES

Sample  Original value /(mig!)  Standard Added /(mig?)  Determined value /(mbY)  Recovery /(%)

1 7.33 20 27.02 98.5
2 9.19 20 29.77 102.9
3 10.6 20 30.98 101.6
4 72.4 20 22.65 101.2
5 15.30 20 24.9 98.0

As can be seen in Tab.3 and Tab.4, indium detetinimaecovery of 5-Br-PADAP spectrophotometry rashd@em
95.5% to 97.5%. Comparing with the ture value, rdgult was lower with a large error. The indiumedetination
recovery of ICP-OES ranged from 98% to 103%, closeeal value.

3.5 Application examples

Micro and traces of i can be enriched on the amino chelating fiber, et be eluted by a certain amount of
sulfuric acid. The elution was diluted to 0~50@yL”, determined by the method of 5-Br-PADAP
spectrophotometry. Based on the standard curvds®§f the indium elution curve was produced betweeti In
concentration and elution volume, which was showrFig.3. At the same time the corresponding sampias
determined by the method of ICP-OES. And the etutiorve was shown in Fig.4.
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Fig.3 Elution curve of In® by 5-Br-PADAP spectr ophotometry
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Fig.4 Elution curve of In® by ICP-OES

Seen from Fig.3 and Fig.4, the indium elution cuoyes- Br-PADAP spectrophotometry and ICP-OES waslar
in the shape, and consistent with the desorptitesriBut the indium elution curve of ICP-OES wassther and
neater in the shape than that of 5-Br-PADAP spetimmometriy, which is possibly due to the poor Bitgbof
complex formed in spectrophotometry method andpibar stability of spectrophotometer. The biggesfiedince
between Fig.3 and Fig.4 was that concentrationevaluindium by ICP-OES was significantly higher nhthat of
5-Br-PADAP spectrophotometry. This was in agreenvétit the previous research results. The possédson was
the narrow detecting range of 5-Br-PADAP spectrapheetry. Thus, the high concentration of the samplest be
diluted repeatedly for several times before deteation.
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CONCLUSION

Through comparing the method of 5-Br-PADAP spediaipmetry with ICP-OES in the operation, lineargan
detection limit, precision, recovery and the actagiplication effect, we found that in the 5-Br-PABA
spectrophotometric method, the stability of compheas poor, the reagents used in the color reactienre large,
and the operation process was complicated. Howegarding ICP-OES, without color reaction, the agien was
more simple. With wider linear detection range, tiigh concentration of the sample could be direicttyoduced
into the ICP-OES without any dilution of the sampled with no pollution of sample. ICP-OES preseriteder
detection limit, better precision and higher detecaccuracy. So ICP-OES was simpler, stable aimbte. In short,
ICP-OES method was superior to 5-Br-PADAP spectobgietry from several aspects. But for the hight ofs
instrument, the use of ICP-OES method was limitddwever the instrument of spectrophotometry waspkim
with lower operating cost, so it was more widelgdisespecially in small enterprises and routineratory testing.
In the future, spectrophotometry also requiresriprove the sensitivity and selectivity of color cgan, especially
in multicomponent complex system. It also need @drbproved the anti-interference ability and accyraf the
method, in order to directly determine indium ire thqueous phase. We should find techniques of efteetive
separation and enrichment, and develop bettertsaleand more sensitive detection method. Nowadagsmost
active and promising aspect of spectrophotometryajplication of chemometric methods and computer
programming analysis of absorption spectrum tazeahulticomponent simultaneous determination.
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