J. Flow Injection Anal., Vol.10, No.2 (1993)

-FLOW INJECTION STUDY OF EUROPIUM(III)
BENZOYLTRIFLUOROACETONE TRIOCTYLPHOSPHINE OXIDE
SYSTEM 1IN MICELLAR SOLUTION

Makoto Alhara* and Yuko Ueno

- Faculty of Home sze Sc1ence, Fukuoka Women s Unzverszty, Kasumlgaoka,»

: Htgasht ku, 813, Japan

Abstract |
Complex formation of europium(IIl) with ben’zoyltriﬂuor'oacetone(’BEA)
and trioctylphoshine oxide(TOPO) in mi_cellarwsolution has been Stud-ieo_ by a
flow iojeotion a.r;ialysi’sr’(FIA) and a -‘s_'t:opped'-flow; FIA. A"-fl'o;w k' i‘nje,cti_oo ’
. bspectroflu'orimefric metﬁod haS' been .developed‘ for the .deterniinaiion' of
europlum(III) as its ternary complex with BFA and TOPO in mlcellar solutlon'
of nona(oxyethylene) dodecyl ether(BL 9EX) ThlS procedure 1s a satlsfactory
of the determination of the europium(III) ion in the r.anvge 2X 10 -7 -10-5 mol - -
dm-3. The ligand exchange ‘reaci‘ions' oin europium(III) complex w1th BFA- v'
- TOPO by amih.opolsicarbox'ylic' aeids were investigated by a sfopoed-fl.ow’ :
FIA. The exchange rates for the reactlons were found to be a fll'st order rate

law w1th respect to the concentrauon of Eu(1II) complex

" The synergistic- solvent extraction of lan‘thanoid jons has been ‘wid_ely
investigated by using P-diketone che’lati'ng. ag’ent‘s.l'6 Methods for determi-
nation, extract_ion constant, and separation factor etc., have been reported.r
«Takefatsu et al. found that europium(III),:samar_iﬁm(III)'and _terbium(III)_
ternary_-co,.mpleXesv with B—dikefoﬁe in the presence of trioctyl-ohosphine‘
oxide(TOPO) are’ readilyv soluble in an aqueous svolu‘tion containing nOnionic .

surfactant and that the _strong fluorescence -originating: from the ternary
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complexes can be applied to the determination of lanthanoid iqns.7'9 The other
ternary complexes of lanthanoid(III)-B-diketone-certain substituted amnlqnium_
cation or neutral ligand have also been investigated.lo'12

The technique based on solubilising complex in nonionic surfactant has' :
‘been applied to the flow injection analysis(FIA) of europium(III)13-15,
J samarium(III)!5 and teribium(III).16 These spectroflnotimetric determinaf‘
tion methodstof lanthanoid ions using then'oyltriflueroaCetone(TTA) .as a PB-
diketone have been studied extensively. The preliminary exp_erirnental Study
: i»ndi‘cates | that the relative fluorescence intensities of europium(vIII)- [3-
diketone (TTA, 'Benzoyltrifluoroacetone(BFA) and pivalOyltrifluo;oe.eetone
(PTA))-TOPO complexes in micellar solution are larger than those of other

uroplum(III) B- dlketone TOPO complexes 9 L |

The purposes of the work were to develope a flow-injection method for the
” determination of europlum(III) based on solubulising its ternary complex_ with
BFA and TOPO in micellar solution. A'stoppe‘d-flow FIA Was -adopted to the
ligand exchange reaction of_eurOpinm(III)_ complex with BFA and TOPO by a |
chelatingvvagent(ethylenediamine-N,N,N’,N’-tet’raacetic acid(EDTA),diethylene _ “
triamine-_‘,N',‘N,N’,N",N”-pentaacetic acid(DTPA) - or trans-1,2-diamino- -

cyclohexane-N,N,N"»,N,’-tetraacetic acid(CyDTA)) in micellar solution.

Ekperimental
Reagents
- Stock solutions of lanthanoid ions were prepared by dissolving 99.9%
pure oxides in dilute hydrochloric acid and standardised by titration with
EDTA. Stock solutions of mixed ligands(BFA and TOPO) were prepared by
dissolving the reagents(Dojin) in 0.5% m/V. aqueous solution of surfactant
(BL-9EX,,nona(oxyethylene) dodecyl ether; Nikko Chemical Co.) and the pH :

of the soiutions was -adjusted by the addition of acetate buffer. All other
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‘ chemicals used were of analytical-reagent grade.
Apparatus |

FIA and stopped-flow ’FIA-systems were the same as those described in a
prevmus paper. 13 It consisted of a rec1procat1ng pump w1th two channels

(plunger type Kyowase1m1tu KHU-W-62), six way sample injection valve, a

o spectrofluorlmeter (UVIDIC 610, Japanspectroscopw Co.) w1th a flow cell(32 .

. ‘ul) . The 11uorescence was ‘measured at apparent excitation and emission wave |
' lengths of 355 and 596 nm, respectxvely A simplest line FIA system17 18 was
| used for a stopped—flow, FIA. A sw1tch1ng valve in Ref. 13 was switched to

lead the carrier solution toy waste and to stop the sample zone in the ﬂow eell

during the measurement.
Results and Discussion

The formation of a com‘plelx of europium(III) with B-diketone a‘nd/ TOPO in
"a micellar solntion of non-ionic surfactant has been »‘investigated7‘9 and the

following equilibrium was postulated '
'Eu3+(b) + 3HX(b) +-2T.OPO(‘m).=‘ EU(X)3(TOPQ)2(m) + 3.H+(b)

.where HX is B-diketone and the subscripts(b) and (m) refer to mutually
-equili- brated bnlk and micellar phases, respectively. The -fluorescence
intensity for europium(III) -B-diketone complex gave constant over the pH
range of 3-5. The pH of 3.5 was selected because of the preventing
lanthanmd ions from hydrolys1s
Effect of flow rate, coil length and reagent concentration.

The flow rates ef the reagent and the carrier solution ‘were studied. The -
peak height increased with increasing flow rate and maximum peaks were

observed at 1.0 ml/min. The flow rate of 1.0 ml/min was ‘chosen for‘
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subsequent work.

The effect of reaction coil length was tested by the use of 1 - 5 m length
while the ﬂow rate was maintained at 1.0 ml/min. The peak heights
decreased with increasing coil length. An increase in coil length caused a
decrease in peak height because of increasing dispersion. A 1 m coil length
was chosen because of the sensitivity and the rapid analysis.

The effect of reagent concentration on europium(III) emission as its
‘ternary complex with  BFA and TOPO was studied by varying the
concentrations of BFA and TOPO. The peak height increased as the mixed
reagent concentration increased up 4 X 10-4 mol dm-3 at each europium (III)
concen- tration and became almost constant above this value. A mixed
reagent concentration of 5 X 10-4 mol dm-3 for BFA and TOPO was chosen
for subsequent work.

Determination of europium(III) ion

Sampies containing 2 X 10-7-10-5 mol dm-3 europium(III)(0.15 -1.5
‘ug/ml) were ihjected into the carrier stream under the flowing optimufn
condition; concentrations of BFA and TOPO, 5 X 104 mol dm-3
concentration of BL-9EX, 0.5 w/vv%; pH 3.5 ; flow rate, 1 ml/min.; coil
length, 1m(0.5mm id.).

Typical calibration peaks are shown in Fig 1. The calibration graphs
obtained were linear in the range 2 X 10-7 - 10-5 mol dm-3 as shown in Fig.
2. The detection limit of europium(III) in this work is found to be similar to
that in TTA-TOPO system. The precision of the method was checked on ten
samples containing 6 X 10-6 mol dm-3 samarium(III). The relative standard

deviation was less than 0.7 %.
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Concentration of Eu(III) solution injected/mol dm-3
Fig. 1. Peaks d’btained for triplicate ~Fig. 2. Typlcal calibration graphs' '
injection of standard Eu(III) solution.  for the determmatlon of
[Eu(IID)]:A,1 x 10-6;B,2 x10-6;C, europium (I1T)
4x106D6x106E8x106F105 | EE

mol dm-3 :

Interferenlces
The inflilence,of other lanthanoid iohs on the deter’n’linavt_ion. 0.91 Ltg/mi
was studied and the results are 'given in Table 1. 1t was found that five-foldj
~excess amount of Sc, Y La, Ce(IV) Pr and equi amount of Nd, Gd Tb Ho,'-
~Er, Tm, Dy, and ‘Lu had no s1gn1f1cant effcct
Exchange Reactlons ‘
} Chelatmg agents(EDTA DTPA etc.,) react slowly w1th lanthanmd(TII) |
B- diketone- TOPO complex in micellar solution and the fluorecence of com-'}.
_ plexes dlsappears gradually , o
The exchange reacuons of TTA-TOPO from its europlum(III) complexes by
ehelatmg agents were 1nvest1gated_w1th a stopped-flow FIA. The effect of
chelating agents on the stepped-ﬂow FIA pattern of the system was investi-‘
gated. Fig. 3 shows a 'typical example of eichange reaction curves for Eu(III)-
- TTA-BFA- TOPO EDTA system The relatlve fluorecence for Eu(III) -BFA- .
TOPO complex was decreased by the addmon of EDTA. The decrease of the M

- fluorescence for the complexes could be followed by the stopped-flow FIA..
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Table 1. Effect of foreign ions on determination of Eu(III).
Eu(III) taken, 0.91 pg mi-!

Ion Eu(IID Recovery Ion Eu(III) Recovery
added found % added found %
o pgmil opgmll

Se()  0.93 102 Tb()  0.97 106

Coyam o 0.84 93  Dy() 087 95
‘La(I)  0.90 99  Ho(l) 1.06 116
Ce(IV) 089 ~ 98  Er(ll) 097 106
PrID 092 103 »Tm(III) 0.97 106
NA@D 095 104  Yb() 0.2 101
Sm(II)  0.98 108  Lu(ll) 0.90 99

GdaI)  0.94 102 |

Relative fluorescence

Scan

F1g 3 Stopped-flow signals obtamed with the flow system in aqueous
~ solution of BL-9EX. Eu(III)-BFA-TOPO- EDTA system. [Eu(III)] =8x
10-6 mol dm-3,[EDTA] = 8 x 10-5 mol dm-3, pH = 3.5
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, T‘he_log(Aoo - A) plots against time are shown for the systems of Eu(III)Q
BFA-TOPO-EDTA, Eu(IlI)-BFA-TOPO-DTPA and Eu(II)-BFA-TOPO-CyDTA
in Fig. 4. The lineari_ty,of the plots‘ for the each system showed fir.steorder'
| law with respect to the ’Eﬁ'(BFAj3(TOPO)2.» :'I"hevéppa’rent first ordér-rate =
: co‘nsv.ta‘nt‘s,_, K Séé'l, wére',detcr‘mined‘ by.'usin‘g' a K'ezoly-Sw:inBour_ne plot.19-20 .
T_he apparent:rav_tes ’(_)f ihe'exchénge feéctions for the.sy‘stemsv '_We,re méasﬁted at

pH 3.5. The apparentmtc constants are given in Table 2.

B
1.0F
A
< 0.5k ¢
8
=
2
0 |
1 1 1 1 1
! 2 3 4 5
Time/ min

| Fig. 4 First-order rate plots for the exchange reactions in aqueous solutlon K
‘ of BL- 9EX [Eu(III)] =8 x 10-6 mol dm-3 . A, [EDTA] = 8 x 10 -3, B,
[DTPA] 8 X 10 -3; [CyDTA] =8 x 10 -5 mol dm'3 ’

Table 2. 'Apparent rate constants fo’rvligand exchange reactions of
| Eu(IIT)-BFA-TOPO complex by chelating agents in BL-9EX ‘
solution. [Eu(III)] = 8X 10-6 mol dm-3 ; [Chelating agent] =
8 X 10-5 mol dm-3 at pH = 3.5. ‘

Chelating agent Apparent rate constant /103 sec-l |
EDTA 162
DTPA - 152
CyDTA 6.5
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The apparent exchange rates for the EDTA and DTPA systems are larger than
that for-the CyDTA system. For the CyDTA sytem, the rate of formation of
product is assumed to be suppressed by the steric requirement of CyDTA.
Figure 5 ’shows the dependence of observed first order constant on thé '
“hydrogen ion concentration for the Eu(III)k-BFA‘-TOPO-_.EDTA system. Many '
metal complexes are known to follow the same type df exchange mechanism
by other metal ion with a first order hydrogenv ion concentration and a first

order metal complex dependence.21,22

¥

15 9

10+

Rate constants/103 sec-!

1 3 1 1
] 2 3 4
Concentration of hydrogen ion /104 mol dm-3

Fig. 5.vadr6ge‘n‘ io.n dependence'of,'the apparent first-order rate constant
in aqueous solutions of BL-9EX. [Eu(HI)] =8 x 10-6, [EDTA] = |
8 x 105 mol dm3 .~ ’ |

The mcchanism of the exchangé’ reaction for europium(III)-BFA-TOPO
complexes by EDTA is assumed to be as follows ‘ |

Eu(BFA)3(TOPO)2‘ + 3H* - Eu3+ + 3H_BFA + 2TOPO

Eud+ + HyL4m - = Eu(H,yL)7m

where H,L4-m is EDTA anion.
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