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ABSTRACT

In this paper, we researched the formation condition and application on
ionic complex between Eosin'Y (EY) and Butyl Rhodamine B (BRB). The
ternary complex GaCl,BRB intoluene sol vent was resol ved by controlling
the pH in water phase, GaCl ,BRB was resolved into water phase, then add
Eosin Y which was the same color as BRB into water phase, the ionic
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complex (BRB),: EY was formed by electrostatic effect between BRB with
positive charges and EY with negative charges. (Figure 1) Thentheionic
complex (BRB),: EY was extracted by toluene and was isochromatized by
adding n-butanol catalyzed solvent, in that case, the determination sensi-
tivity of Gallium was improved obviously because the addition effect of
Double Chromogenic Agent in the ionic complex (BRB),- EY. The detect
limit was decrease from 0.3 pg L* to 0.1ug L. The method has been ap-
plied to determine Galliumin mineral with satisfactory results.
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INTRODUCTION

Galliumisused in the semiconductor industry as
oneof thedoping dements. Itsarsenideinarisconsd-
ered apotentid health hazard™. Increasinginterest and
importance of thesemetal sin different fieldshasmade
it necessary to develop simple and sel ective methods
for their determination. Variousandyticd techniques
used for determination of galliumindifferent typesof
matrixes include spectrophotometry®s, AAS % 6,
XRF1, ICP-AES® 9 and ICP-M S0 11,

In recent years, the gpplication of theternary com-

plexinanaytica chemigry wasverywide; especidly the
ternary ioniccomplex wasgpplied widely in elementary
Separtion, enrichment and extracti on spectrophotometric
andyss. Therearemany reportsabout determination of
meta ion by extraction spectrophotometric method with
theternary complex which wasformed by metal com-
plex ionwith BRB or EY, but thereisno report about
determination of meta ion dependingonsynergisticpike
effect between anacidic dyeand an dkalinedye. In our
paper, wediscussed theisochromatic condition of BRB
and EY and appliedit to determineGalliumin minera
keeping the sdl ectivity unchanged.
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Figurel: Theelectrogtaticeffect of (BRB), EY.

EXPERIMENTAL

Apparatus

All fluorescence spectra were recorded by
Shimadzu RF-540 spectrof|luorophotometer; Absorp-
tion was measured with an UV-visrecording spectro-
photometer (UV-265 Shimadzu Japan). All pH mea-
surements were done with a pHS-3C acidity meter
(Leici, Shanghal).

Materials

Gdllium (Ga) standard solution: measure 1.0000 g
(99.9999 %) Gaand add into 250 mL beaker, add 1: 1
hydrochloricacid 20~ 30 mL and dropsof nitricacid,
heat with water bath and make it solve, when cool,
trandferitinto 1.0 L volumetricflask.

EosinY (EY) was used as an aqueous 0.1 mM
solution; Butyl Rhodamine B (BRB) wasused asan
aqueous 0.4 mM solution; NaOH-KH,PO, buffer: pH
=8.7.Abovereagentsweredl anaytical purity grades.
Water for experiment wasal de-ionized water.

Sandard procedures

Toa30mL segparatingfunnd, add containing sample
solution (not morethan 1.5 pg Ga), 5mL 13 M sulfuric
acid,and 1.0mL 0.4mM BRB solution; 1.0mL 10 M
hydrochloricacid and 1.0 mL Titaniumtrichloride solu-
tion 15%, then extract themixturewith toluene, lay asde
about 10 min, transfer the extract into another separat-
ingfunnel, add 5.0 mL pH= 8.7 NaOH-KH,PO, buffer,
shakeharmonioudy, theextract in abovelayer wasfade,
thenadd 3mL EY solution, shakefor 1 min, when sepa-

rated, transfer theextract into 10.0 mL volumetricflask,
add 5.0 mL n-butanol catalyzed solvent exactly and
diluteto the mark with acetone. Thefluorescencein-
tensity of thesolutionwasmeasured at 4 /4, =518/
555 nm againgt reagent blank prepared inthe sameway.

RESULTSAND DISCUSSION

Theformation of complex between BRB and EY

To a30 mL separating funnel, add the solutionin
thefollowingorder: 2.0mL 1.0 uM BRB, 5.0 mL 10
uM EY and certain volume0.05 M sulfuricacidor 0.1
M sodium hydroxide. And diluteto 10.0 mL with de-
ionized water, shakeharmonioudy, add 5.0 mL toluene
and extract for 1 min, lay aside and separate, transfer
theextract into 10.0 mL volumetric flask, add 5.0 mL
n-butanol catalyzed solvent exactly and diluteto the
mark with acetone. Theinfluence of acidity onthesys-

60
50
40
30
20
10

0

Fluorescence

7 8 9
pH

Figure?2: Effect of pH on thefor mation of complex: EY: 10
pM, BRB: 1.0puM.
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temwasshowninFigure2.

Becausethesolubility of acidicdyeBRB inorganic
phasewas better than that of alkalinedyeEY, theEY
was almost not extracted by toluene. In order to de-
creasetheinfluenceof blank value, we added superflu-
ousacidic dye BRB to form complex. We could con-
clude the complex wasformed and the fluorescence
intensity was stablein pH range of 6.0 ~ 10.0.

The spectrum dataof EY, BRB and (BRB),- EY
was shownin TABLE 1. From TABLE 1, when the
dye-pair wasformed in toluene solvent, we can ob-
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serveadouble peak whose height wasthe samein the
fluorescence spectrogram, but in thetol uene: n-butanol
catalyzed =1: 1 solvent system, we could seeasingle
peak a wave ength 555 nm, whoseintendity wasstron-
ger than any other dye alone in the system, in other
word, theionic complex was formed between dyes,
seen from Figure 3. Because of the synergistic spike
effect of ionic complex between dyes, it made determi-
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Figure 3 : Theisochromatic spectra of (BRB),EY: 1. the
fluorescencespectraof (BRB), EY intoluene; 2. thefluores-
cencespectraof (BRB),-EY inthetoluene: n-butanol cata-
lyzed=1: 1 solvent system; 3. theblank solution

TABLE 1: Thespectrumdataof EY,BRB and (BRB),-EY

Water phase Toluene  Toluene:n-butanol
System Ao Aediem PhaseAeddem catalyzed
(nm)  (nm) (nm) AedAem (NM)
BRB 564 562/578 540/ 570 518/ 565
EY 516 518/540 518/ 550
(BRB)2EY 518/540,580 518/ 555

nation sengitivity wasimproved obvioudly.

The forming condition of ternary complex
GaCl BRB

According to thereport!*?, the optimum forming

condition of GaCl ,BRB was. 1.0M hydrochloric acid;
6.5~8.0M sulfuricacid; Titaniumtrichloride solution
15%; shaking timeof extract with toluenewas 1 min.
thefluorescenceintengty of theextract wasstablewithin
24 hours, theformation of complex: Ga: Cl: BRB =1: 1:
1. Inour experiment, we chose 6.5 M sulfuricacid, 1.0
M hydrochloric acid and titanium trichloride solution
15% astheoptimum forming condition of GaCl BRB.

The resolving condition of GaCl,BRB and the
forming condition of (BRB),EY

Theresolving pH of ternary complex GaCl BRB
wasshown Figure4. Theternary complex GaCl BRB
wasformed in strong acid medium, whilethe (BRB),
EY wasformed when pH> 6.0. So we shook the ter-
nary complex GaCl BRB intoluenephasewith NaOH-
KH,PO, buffer (pH= 8.7) adequately, here the
GaCl ,BRB was broken down, the dissociation sub-
stance was run into water phase, here we added EY
intoit. Because BRB wasan dkalinedyewith positive
chargesand EY wasan acidic dyewith negativecharges.
Theion-pair BRB-EY wasformed easily dependingon
el ectrostatic attraction. According to equimol ar series
method, the formation of ion-pair was (BRB)," EY
(BRB: EY=2:1).
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Figure4: Theresolving pH of ternary complex GaCl BRB
TheConcentration of EY

According to the proposed method, when the
(BRB),; EY wasformed, theoptimumvaueof EY: 3.0
mL 0.1 mM.
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Thecalibration equation

According to therecommended procedureoutlined
above, standard calibration graphs were made. The
gpectrum datawere processed by standard | east squares
treatment, and the calibration equation obtai ned was
AF = 0.42345C (ng L1)+0.40673, R? = 0.9994,
where AF isthefluorescenceintensity, Cisthe content
of Gaand R isthe correl ation coefficient. The concen-
tration of Gaobeyed linear intherange of 0~ 150 ug
L2, the detect limit of the method was 1.0 ng.

Interferences

According to thereport!*?, we determined 1.0 pg
Gainthemediumof 1.0mL Titaniumtrichloridesolu-
tion 15% and 1: 1 hydrochloric acid: AlI**, Ca*, Fe*,
Zn?* (100 mg); Cu®, Mg (10 mg); V5, Bi*, We*,
In®, As*, Mo®, Sn?*, Re™, U®, Cr¥*, Te#, Ce* (1.0
mg); Au>, TI** (100 pg); Sb* (50 ng); Hg™ (40 ng)
haveamost noinfluence on thedetermination. Thetol-
erancelevd wasdefined asan error not exceeding+5%
inthe determination of theandyte.

Analytical application: Deter mination of Gain min-
eral sample

Measureminerd sample(1.0000 g, containing stan-
dard value of Ga0.0027%) to 50 mL plastic crucible,
add 20 mL concentrated hydrochloric acid, 10 mL con-
centrated nitricacid, 10 mL fluorhydric acidand 5 mL
perchloric acid, heat and dissolve on pdtier pandl, va
porizegradudly until 1.0 mL left, dilutewith6.5M sulfu-
ricadd, trander thesolutioninto 100mL volumetricflask,
findly dilutetothemark with 6.5M sulfuric acid, shake
harmonioudy. Fetch 2.0 mL form thevolumetric flask
and add it into separating funnel, add thesolutioninan
order: 3.0mL 13 M sulfuricacid; 1.0mL 10M hydro-
chloricacid; 1.0mL 0.4mM BRB and 1.0 mL Titanium
trichloridesol ution 15%, shakeharmonioudly, record the

TABLE 2: Theresultsof sampleanalysisand recovery

GaMeasured Gaadded Total Ga Recovery

Samples
(ng) (ng) (ng) (%)
0.5400 0.5000  1.0400 100.2
) 0.5518 0.5000 1.0518 102.6
Mineral
0.5255 0.5000 1.0255 97.3
Samples2 mL
0.5650 0.5000 1.0650 105.2
0.5124 0.5000 1.0124 94.7

fluorescenceintensity asthe recommended procedure
outlined above, theresultswereshownin TABLE 2.

CONCLUSIONS

In our paper, wediscussed theisochromatic con-
ditionof BRB and EY and applied it to determine Gal-
liuminminera keeping the sdlectivity unchanged. Be-
cause of the synergistic spike effect of ionic complex
between dyes, it made determination sensitivity was
improved obvioudly.

ACKNOWLEDGEMENTS

Authorsgratefully acknowledgethefinancia sup-
port of Nationa Science Foundation of China(Grant
no. 20675024) and Hebel Provincial Key Basic Re-
search Program (Grant no. 10967126D).

REFERENCES

[1] V.K.Singh, N.K.Agnihotri, H.B.Singh, R.L.Sharma;
Talanta., 55, 799 (2001).

[2] H.Tanaka, A.Mitani, K.Okamoto; Bunseki Kagaku.,
46, 875 (1997).

[3] K.M.Reddy, V.K.Reddy, P.R.Reddy; Anal.Lett., 40,
2374 (2007).

[4] H.Filik, M.Dogutan, E.Tiitem, R.Apak; Anal.Sci.,
18, 955 (2002).

[5] D.Kara, A.Fisher, M.Foulkes, S.J.Hill;
Spectrochimi.Acta,Part A., 75, 361 (2010).

[6] A.N.Masi, R.A.Olsing; J.Trace Micropr.Tech., 17,
315 (1999).

[7] B.Gong, X.Li, FWang, X.Chang; Talanta., 52, 217
(2000).

[8] M.Kumar, M.Mohapatra, J.Purohit Paru,
S.K.Thulasidass, T.K.Seshagiri, N.Goyal,
S.V.Godbole; At.Spectrosc., 31, 97 (2010).

[9] B.Ouddane, M.Skiker, J.C.Fischer, M.Wartel;
Analusis., 25, 308 (1997).

[10] D.G.Filatova, |.F.Seregina, L.S.Foteeva,
V.V.Pukhov, A.R.Timerbaev, M.A.Bolshov;
Anal.Bioanal.Chem., 400, 709 (2011).

[11] L.M.Yang, Q.Q.Wang, Z.Q.Zhao, C.Y.Yang,
B.L.Huang, K.I.Tsunoda, H.Akaiwa; Ana.Sci., 17,
11105 (2001).

[12] GQ.Gong, S.F.Yang, H.GWang, Chin.J.Rare Met-
als., 7, 283 (1988).

s LBioTechnology

An Tudian Yourual



