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ABSTRACT

The complexation reaction of trivalent yttrium, dgonium, europium, terbium and yttrbium with bromaggaliol
red, a member of triphenylmethane type of dye esgmce and absence of micelle forming cationicastaht
cetyldimethylethylammonium bromide have been duidiedetail though number of chromogenic reagergseh
been reported earlier to form water soluble colomnplexes with various rare earths as a binary glexes for
their microdetermination. Addition of cationic sacfant, cetyldimethylethylammonium bromide (CDMEAB)
sensitizes the color reactions of Y(III), Nd(IBu(l11), Th(lll) and Yb(lll) with BPGR. Formationfavater soluble,
highly colored ternary complexes with a consideeablathochromic shift in presence of surfactant bagn
observed. Optimum reaction conditions and otherldital parameters were also evaluated. Stoichiginettio
1:2:4 of Ln: BPGR: CDMEAB are responsible for tHeserved rise in molar absorptivity and sensitiviBger’s law
was obeyed between 0.81 to 1.81 ppm. Effectiveopiedtic range and molar absorptivity of these teyna
complexes have been calculated. A simple, rapidhégidy sensitive spectrophotometric method has Ipeeposed
for the determination of metal ions understudy

Keywords: Spectrophotometry, Cetyldimethylethylammonium brdeni (CDMEAB), Bromopyrogallol Red
(BPGR), Ternary complexes, Rare earths.

INTRODUCTION

During past few years, considerable works have beparted on the use of BPGR as chromogenic redgethe
spectrophotometric determination of several metahsi A detailed literature survey on its use as a
spectrophotometric reagent as a binary complexhferdetermination of scandium [1] witl,,, 610 nm at pH 0.1,
titanium [2] with Ayax 610 Nnm at pH 1-3, vanadium [Bfth Aynax 530 nm, cobalt [4fith Ayax 533 nm at pH 12,
antimony [5] withAnax 560 nm at pH 6.7, bismuth [&jth Anax 635 nm, germanium [7], indium[8lith Anax 570 nm

at pH 3.5, silver[9ith Ayax 635 nm, niobium[10, 11], zirconium[12], tungsteB[vith A,ax 620 nm, molybdenum
[14] with Anax 629 nm, thorium [15], uranyl ion [18}ith An.x 620 Nm at pH 5.0, some rare earth like neodymium
with Anax 664 nm, at pH 6.2, yttrbium with,, 620 nm at pH 6.2 [17], lead [18} Ama 630 Nnm at pH 5.5,
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lanthanum [19] with blue colored complex and ceriatuminium [20]with Anax 525 nm at pH 3.8 has been
reported as a binary complex using bromopyroga#idlas a reagent.

With increasing demand for the more sensitive retsgethe attempts have been made in the early $900’

intensification of color of binary complex usingrthcomponent like surfactants by converting binaoynplexes of
some metal ions to ternary complex. It was obsertfed the addition of cationic surfactants to soofe
triphenylmethane dyes solution decreases the oalemsity. The addition of specific metal ions bese decolorized
solutions resulted into formation of deeply coloeble ternary complexes with a large bathochroghitt and

heightened absorbance at a shifted wavelength whifited into increased molar absorptivity andsaity.

Recently the ternary complexes of Mo(VI) [21, 2@](VI) [21, 24], Cu(ll) [23], Ti(IV) [23] and V(V) R4] have
been reported with pyrogallol red and bromopyragakd in presence of CPB and OP-7. Determinatfo@o(ll),
Ni(Il), Cu(ll), Pd(Il), Ru(ll) and Mo(VI) have beerarried out using sodium isoamylxanthate in preseof
surfactants like sodium lauryl sulphate, triton @0land CTAB [25]. Sc(lll) was determined spectrapheetrically
using eriochrome cyanine R and CTAB [26] by Chapatk and coworkers. Determination of Zn(ll) and(lOd
were carried out spectrophotometrically with 2-(E#0-2-pyridylazo)-5-diethylaminophenol in presencé
cetylpyridinium chloride by Agnihotri K.[27] and i diphenylcarbazone in presence of Triton X 10Khur V et
al [28]. A simple spectrophotometric determinatarCd(ll) using 1,5-diphenylthiocarbazone in preseof CTAB
[29] and with 5-Br-PADAP in presence of CPC and HEAIP30] have been reported.

Literature revealed that the attempts have beerenmadhcrease the sensitivity of binary complexésame rare
earths for their determination using cationic sctdats in early seventies. A 1:1:2 ternary compl&s formed by
yttrium, xylenol orange and tridodecylethylammonibnomide in xylene at pH 5.7 with,.x 604nm was studied by
Shijo Y. [31]. The rare earths and yttrium formestnary complexes with rhodomine B and 5, 7 - dibwen
hydroxy quinoline which was extracted with benzehé&50 nm [32]. Vekhande C. R. and co-worker regzbthe
ternary complexes of rare earths with chrome az8rl presence of cetylpyridinium bromide with,x 620nm at
pH 5.4 for the determination of lanthanum, praseadyn, neodymium, samarium, gadolinium or dyspros|[38].
Chromeazurol S and Zephiramine also reported tero@mplex of lanthanum for the determination u2iog/ml
showedimax 510 nm at pH 6.5, studied by Horiuchi Y. and NishH. [34]. Methylthymol blue and cetylpyridinium
bromide or cetyltrimethyl-ammonium bromide were di$er the microspectrophotometric determinationsafe
rare earths [35]. Naixing Wang and coworkers suidmurth-derivative spectrophotometry method basedhe
absorption spectra of 4f electron transitions o€ ttomplex of neodymium with methylthymol blue and
cetylpyridinium chloride [36]. Spectrophotometedetermination of Th(lIV) and U(VI) with chrome azi#® in
presence of cetyldimethylethylammonium bromide (GEXAB) was reported by Upase A. B. and coworkers.[37]
Dhepe A. S. and Zade A. B. [38] have studied spetimtometric determination of some lanthanide metsd with
eriochrome cyanine R in presence of cetylpyridinibmomide (CPB). Recently selective and sensitized
spectrophotometric determination of trace amouftlliq(ll) ion using alpha-benzyl dioxime in surfacit media
have been reported [39].

Bromopyrogallol red (BPGR) formed ternary complexéth aluminium and triethylhexyldecylammonium idei
[40] and the sensitizing effect of cetylpyridiniupmomide and cetyltrimethylammonium bromide on BP&R&é
complex was studied [41]. The spectrophotometnisisigation is induced by cetyltrimethylammoniunoimide in
the niobium — BPGR-EDTA-CTAB system [42JA much complicated procedure has been suggestddritipv
and coworkers [43] for estimating uranyl as ternasynplex with bromopyrogallol red and centrimidehiexamine
buffer solution of pH 6.5. The spectrophotometiiedy of some rare earth complexes with BPGR in ges of
cationic and anionic surfactants was studied egdri#]. Earlier BPGR has been used with cetyltrimytmmonium
bromide and cetylpyridinium bromide for the micrtefenination of some rare earths by A. B. Zade an&vorker
[45]. The 1:2:4 ternary complexes of rare earthiv8PGR and hexadecyl pyridinium ion were extrachéth
isobutyl alcohol for measuring absorbance at 680 asmreported by Poluektov N.S. et al [46]. In pnése
investigation for the first time, a detailed study the use of BPGR in presence of cationic sunfdcta
cetyldimethylethylammonium bromide (CDMEAB) has bearried out for the determination of some ramthea
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MATERIALS AND METHODS

EXPERIMENTAL

Instrumentation and reagent solutions

All absorbance measurements were carried out mgusitachi U 2001 spectrophotometer with matchearigucell
with 1.0 cm thickness. For all spectral studiesodmsied distilled water was used as a referencdisoluThe pH
values of these solutions were adjusted using Bliel) pH meter, operated on 220 volts stabiliz&hwAC mains
with glass and calomel electrodes assembly. Thegatte was standardized and frequently checked paithssium
hydrogen phthalate solution of pH 4.02 and boraxtiEm of pH 9.20. Analytical grade hydrochloricidand
sodium hydroxide solutions of suitable concentraticere used for pH adjustment. Bromopyrogallol RREGR)
and cetyldimethylethylammonium bromide (CDMEAB) wesupplied by Sigma and Aldrich Chemical Company,
USA respectively. Purity of CDMEAB was estimated bging argentometric titration for the determinatiof
bromide ion content [45]. Y(lII), Nd(ll), Eu(lll);Tb(lll) and Yb(lll) of analytical grade purity were supplied by
British Drug House Company, England. Stock solgiafi BPGR, CDMEAB and metal ions were prepared of
strength 1.0x18 M and subsequently diluted to desire concentratiging double distilled water.

General procedure

All the experiments were carried out at room terapee of 30+2°C. The CDMEAB solution was first added to
BPGR solution and kept for equilibration for half hour. Metal ion solution was then added to dydastant
solution and again kept for half an hour to reaompglete equilibrium. This order of mixing the saduts was
maintained throughout the investigation.

RESULTS AND DISCUSSION

Spectral study of CDOMEAB-BPGR interaction

It is necessary to study the interaction betweéorsmBPGR and cationic CDMEAB before determinihg BPGR as

a sensitive reagent for the estimation of rareheiarpresence of COMEABTherefore absorption spectra of BPGR in
absence and presence of CDMEAB, composition of silyéactant complex, absorption spectra of rareheart
complexes in absence and presence of CDMEAB, effept, composition and stability constants of tdoenplexes

in absence and presence of CDMEAB have been studied

Study of absorption spectra of BPGR in absencepaesence of COMEAB

The absorption spectra of BPGR have been studieliffatent pH values (1.0-12.0) in absence and ees of
CDMEAB. Addition of CDMEAB in the diluted solutioof BPGR brings about a change in color at same gitiev
have been observed. Wavelength of maximum absoebaf8BPGR in absence and presence of CDMEAB has bee
recorded in Table 1.

Table 1. Wavelength of maximum absorbance of BPGRiiabsence and presence of CDMEAB.

BPGR BPGR + CDMEAB
pH Amax(NM) pH Amax(NM)
1.0 450 1.0 470
2.0 450 2.0 470
3.6-12.0 58C 3.0-12.0 60C

It has been observed that the maximum decolorieffert of BPGR takes place at pH 11.0. However Mg 580

nm of BPGR at pH 11.0 in absence shifted to 60dmpresence of CDMEAB showing a bathochromic sbiif20

nm with decrease in absorbance values from 0.488@&inm to 0.300. Decrease in absorbance from @B0®00

at pH 6.0 at 580 nm has been observed in presén€COBEAB under the similar condition. Similar efteof
decolorisation to the smaller extent has been @ksdein the pH range 3.0 to 5.5 in presence of CDBEA ax
remains constant in the pH range 1.0 to 2.0 at @®0in absence and at 470nm in presence of CDMEAB.
Comparative study of these curves showed thathhage in absorption maximum in presence of CDMEA#Bc
may be attributed due to formation of possible “IDatergent” complex.

Composition of BPGR- CDMEAB complex
To find out the composition of BPGR-CDMEAB compleaffect of varying CDMEAB concentration on the
absorbance of BPGR in acidic medium at pH 6.0 dsal ia alkaline medium at pH 11.0 JBt,x of BPGR i.e. 580
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nm have been studied and shown in Figure 1 andgzogively in which the absorbance of differentaanirations
of BPGR solution is plotted against variable coniaion of CODMEAB.
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Figure 1. Effect of COMEAB on BPGR in acidic mediumat pH 6.0 at Figure 2. Effect of COMEAB on BPGR in alkaline medum at pH 11.0

Amax 580 nm. at Amax 580 nm.

The concentration of BPGR used were 2.0 X M) 1.6 x 10°M and 1.33 x 18 M and have been represented by

curve A, B and C respectively in Figures 1 andtzhds been observed that the absorbance of BPGRales
linearly with the addition of COMEAB and remainsnstant at point when the ratio of BPGR-CDMEAB iagked
to 1:2. When this ratio was attained the absorbarficeagent remains unaltered even after additiofive times
excess of CDMEAB indicating the formation of speci§pecies with composition [BPGR (CDMEAJR) The
anionic BPGR and cationic surfactant CDMEAB reattinay be ionic in nature resulting into formatichnew
binary species. This newly formed species is ustfulfurther microdetermination of metal ions adeanary
complex.

BPGR- H" + CDMEA"™- Br =~—— BPGR - CDMEA + HBr.

Study of rare earth [Y(III), Nd(lIl), Eu(lll), To(l 11) and Yb(lll)] complexes

Absorption spectra of rare earth complexes in abse® and presence of COMEAB

Absorption spectra of rare earth complexes werdietuby keeping the ratio 1:1 and 4:1 for Metal:@® For
spectral studies in presence of surfactant tendaltess of CDMEAB was added to the solution. Theoigd®n
spectra of rare earth complexes were taken inesnigible region i.e. 400 to 700 nm in the pH radge— 8.0.
Wavelength of maximum absorbance of rare earth teipas been recorded in Table 2 in the pH range&X%.
The absorption spectra of BPGR shiyyx at 580 nm in the pH range 3.0 — 6.5. Thg, shifted to 600 nm by the
addition of CDMEAB in BPGR solution which resultedo the formation of dye - surfactant associationthe pH

range 3.0 to 4.0, small changelin. indicated poor complexation but broad peaks wéserved in the pH range

4.5 — 6.5 at around 610 nm in absence of CODMEABcatthg the formation of binary complexes. In prese of

CDMEAB, only one sharp peak with high absorbanchies for all rare earth ternary complexes have been

observed at 660 nm in the pH range 3.5 — 6.5 itidigahe formation of strong and stable ternary ptaxes. Thus

shifting of Anax Of binary complex from 600 to 660 nm for ternarymmex has been observed in presence of
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CDMEAB. These ternary complexes show high absarbavalues at shifted,.x as compared to maximum
absorbance values at thg,, of binary complexes which clearly indicates thes#tization of colored reaction.

Table 2. Absorption maxima (nm) of BPGR and its complexes in absence and presence of COMEAB at differepH values

pH 3.0 35 4.0 45 5.0 55 6.0 6.5
Systen
BPGR 580 580 580 580 580 580 580 580
BPGR + CDMEAB 600 600 600 600 600 600 600 600
BPGR +Y 550 550 580 610 610 610 610 610
BPGR + CDMEAB +Y 580 660 660 660 600 660 660 660
BPGR+ Nd 550 550 580 610 610 610 610 610
BPGR + CDMEAB +Nd 580 660 660 660 660 660 660 660
BPGR +Eu 550 550 580 610 610 610 610 610
BPGR + CDMEAB +Eu 580 660 660 660 660 660 660 660
BPGR +Th 550 550 580 610 610 610 610 610
BPGR + CDMEAB+ Th 580 660 660 660 660 660 660 660
BPGR + Yb 550 550 580 610 610 610 610 610
BPGR + CDMEAB +Yh 58C 66C 66C 66C 66C 66C 66C 66C

Comparing the absorption spectra and absorbancesalf binary and ternary complexes maximum congpiex
has been observed at pH 6.0. Comparative absorgpiectra at pH 6.0 for binary (B) and ternary canmpt (A) of
yttrium, neodymium, europium, terbium and ytterbitnave been plotted in figures 3, 4, 5, 6 and 7 eetbyely.
Figures also show absorption spectra of BPGR ierates (D) and presence of CDMEAB (C). The conceiotnatof
different reactants in different curves are givedable 3.

Table 3. Composition and concentration used in Figes 3 to 7

Curves Composition BPGR CDMEAB Rare earth metas ion
Curve A BPGR + CDMEAB + Metal 2.0xf01 2.0x10°M 8.0x10°M, 2.0 x 10°M
Curve E  BPGR + Mete 2.0x1C°M - 8.0x1C°M, 2.0x 1(°M
Curve C BPGR+CDMEAB 20xTM 20x10°M -
Curve D BPGR 20x10M - -

Curve ‘A’ represents the absorption spectra of emnehs complexes of BPGR in presence of CDMEABxssioarp
peak at shifted wavelength 660 nm with high absacbasalue of ternary complexes. Rare earth complskewed
broad peak in absence of CDMEAB at around 610 npnesented by curve B. Curve C represents absorption
spectrum of modified reagents Xat.x 600nm. Absorption spectrum of BPGR alone has bepresented by Curve
‘D

Thus a bathochromic shift of 50nm in the formatafnbinary complexes and 100nm in the formationraénse

colored ternary complexes has been observed foar@learths understudy. The increase in absorbeatces at the
shifted Anax Of ternary complexesesulting into increased molar absorptivity andadieindicates the formation of
strong and stable ternary complexes in wider ptgean

1230
www.scholarsresearchlibrary.com



G. W. Belsareet al

Der Pharma Chemica, 2012, 4 (3):1226-1238

——A
—eo—B

1 Absorption spectra at pH6.0

Absorbance

Wavelength (nm)

Figure 3. A-BPGR-CDMEAB-Y(lll)-(Ternary complex). B -BPGR-
Y(Ill)-(Binary complex), C-BPGR-CDMEAB-(Modified re agent), D-
BPGR-(Reagent)
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Figure 4. A-BPGR-CDMEAB-Th(IIl)-(Ternary complex). B-BPGR-
Thb(Ill)-(Binary complex), C-BPGR-CDMEAB-(Modified r eagent),
D-BPGR-(Reagent)
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Figure 5. A-BPGR-CDMEAB-Eu(lll)-(Ternary complex). B-BPGR-
Eu(Ill)-(Binary complex), C-BPGR-CDMEAB-(Modified r eagent), D-
BPGR-(Reagent)
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Figure 6. A-BPGR-CDMEAB-Nd(III)-(Ternary complex). B-BPGR-
Nd(lll)-(Binary complex), C-BPGR-CDMEAB-(Modified r eagent),
D-BPGR-(Reagent)
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Absorption spectra at pH 6.0
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Figure 7. A-BPGR-CDMEAB-Yb(lIl)-(Ternary complex). B-BPGR-Yb(lIl)-(Binary complex), C-BPGR-CDMEAB-(Mo dified reagent),
D-BPGR-(Reagent)
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Figure 8. Variation in Amax With change in the pH of: A [BPGR]-
(Reagent), B [BPGR+CDMEAB]-(Modified reagent), C
[BPGR+Tb(lI)-(Binary complex), D [BPGR+CDMEAB+Th(l II)-
(Ternary complex)
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Figure 9. Variation in absorbance at thé\max With change in the pH
of :
A- Amax ,610nm of BPGR-Tb(Ill) (Binary complex)
B- Amax ,660nmM of BPGR-CDMEAB-Tb(IIl) (Ternary
complex;

pH range of stability

Change in absorbance values with variatioh,.jf at different pH values has been observed in alesand presence
of CDMEAB. Variation in wavelength with change ifl walues and change in absorbance at differenttfg4@nm
(Amax Of BPGR-Tb, binary complex) and at 650nkn.4 of BPGR-CDMEAB-Tb, ternary complex) have been show

in Figures 8 and 9 respectively.

1232

www.scholarsresearchlibrary.com




G. W. Belsareet al Der Pharma Chemica, 2012, 4 (3):1226-1238

In Figure 8, Curve A represents the variatiorhgf; with change in pH values of BPGR solution showsstant
Amax @t 580 nm in the pH range 3.0 to 6.5. Curve Basgnts the variation df,,« with change in pH values of
BPGR solution in presence CDMEAB, which shows canist . at 600 nm in the pH range 3.0 to 6.5. Curve C
shows the constari,., of rare earth complexes at 610 nm in the pH rahgeto 6.5 in absence of CDMEAB
indicates pH range of stability of constant wavgténBut this range of constant wavelength foriterbcomplexes
increases from 3.5 to 6.5 in presence of CDMEAR,ak 660 nm with the addition of CDMEAB represented by
curve D. Similar results have been obtained foeothre earths understudy.

In Figure 9, curve A at 610nm indicates the abswebaof terbium complex increases slowly and rensaimstant in

the pH range 5.0 — 6.0 in absence of CDMEAB. CuB/erepresents the variation in absorbance of tambi
complexes with change in pH value in presence oMEBB at 660 nm. The absorbance of complex increases
linearly and remains constant in the pH range 585-indicates pH range of stability of constans@bance at
fixed wavelength.

Above pH ranges of stability indicate that staiglmnary complexes are formed in wider pH rangeamspared to
binary complexes and have been recorded in Table 4.

Table 4. pH range of stability of rare earth compéxes in absence and presence of COMEAB

Rareearth  Amax 0f BPGR (nm)  PH range of stability of PH range of stability of
Complexes constant wavelength ~ constant absorbance

Absence Presence Absence Presence Absence Presence

Y(II) 610 660 4.5-6.5 3.5-6.5 5.0-6.0 5.0-6.5
Nd (111) 61C 66C 4.5-6.5 3.56.5 5.C-6.C 5.C-6.5
Eu (1I1) 610 660 4.5-6.5 3.5-6.5 5.0-6.0 5.0-6.5
Thb (111) 610 660 4.5-6.5 3.5-6.5 5.0-6.0 5.0-6.5
Yb (111) 61C 66C 4.5-6.5 3.56.5 5.C-6.C 5.-6.5

Composition of complexes

From the spectral study it was found that BPGR fownly one type of complex with all rare earth rhéas
understudy. The composition of complexes was stuthg Job’s method [47] of continuous variation keit
optimum conditionsAgain the rare earth metal ions and BPGR are mireduch a way that total volume of
reactants remains constant at 50 ml. Various cdret@n of three reactants used for studying themmsition have
been recorded in Table 5. The representative dabies for the europium have been shown in Figlifeand 11in
absence and presence of CDMEAB respectively.

The composition 1:2 of M: BPGR has been observeambsence and presence of tenfold excess of COMHAB.
composition between rare earth metal and BPGR serade and presence of CDMEAB has been recordedbite T
6 respectively. Earlier it has been observed tHAER reagent at pH 6.0 exists as BPGR (CDMEABherefore,
the composition of rare earth complex in preserdic@@MEAB may be written as M[ BPGR (CDMEAR) or M :
BPGR : CDMEAB as 1:2:4.

M + 2 BPGR ( CDMEAB ) M [BPGR (CDMEAB),),
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Figure 10. Curves of Job’s method of binary complexshows| Figure 11. Curves of Job’'s method of ternary compbe shows
composition of Eu(l11):BPGR as 1:2 at pH 6.0 andkmax 610nm. composition of Eu(lll):BPGR:CDMEAB as 1:2:4 at pH 6.0 andAmax
660nm.

Table 5. Concentration of reagents used in Job’s cve

Absence/ Curve BPGR CDMEAB Metal
Presenc
A 5.0 x10'M 50 x 1HM
Absence B 2.5 x10'M 2.5 xItm
C 1.66 x 10M 1.66 x ItMm
A 25 x 10°M 25x 16M 25 x 10°M
Presence B 2.0 x 10 M 20x 1M 2.0 x 10°M
C 1.66x 10 M 1.66x 1M 1.66 x 10'M

Stability constants of complexes
Considering the reaction between metals ion andergaof the complex formation (omitting charges) sgstems
showing a composition 1:2, the complex formatioryra expressed by the equation

In absence of COMEAB
M+ 2R MR, (@)

And in presence of COMEAB
M+ 2[R{CDMEAB), ]

M{R(CDMEAB), ], 2)

K can be calculated from equation (1)
o

F=—-t 3)

(a—x)(b—2x)7

Taking the two concentrations and @, and  and B having the same absorbance value, i.e. the salue ghX,
we have
X X

(@a—x b —2x)2 (@g—x)ibg— 22773

Knowing the value of x from the above equation,af de calculated by putting the value of x in eiqua3.
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The above equations were used for the calculatfostatility constant of the complexes. The valuéstability
constants of complexes in absence and presencebbanecalculated using Job's curves and are retandeable 6.
Results show that the values of log K for particuteetal ion in presence of COMEAB are higher tharabsence.
This indicates that the ternary complexes are nstable than binary which might be due to the assioci of
cationic micelles of CDMEAB with BPGR. Furthethias been observed that the log K values decreaggssence
of CDMEAB from Nd(lll) to Yb(lll) as the atomic raddecreases which might be due to attachment tybu
cationic surfactant ions to the anion of BPGR aagistearic hindrance for smaller metal ions. It bE® been
observed that the log K values of Y(lll) and Yb)IHre close to each other because of having alsast ionic
radii.

Table 6. Composition and log K values of rare eahtcomplexes by Job’s method at pH 6.0 in absencelat.x 610 nm, and in presence of

CDMEAB at hmax 660 nm

Composition Log K values

Rare earth

complexes M:BPGR M: (BPGR:CDMEARB) Binary complex  Ternary comp

Yy 1:2 1:(1.2) 9.76 10.17
Nd(lIl) 1:2 1 (1.2 9.6¢ 10.81
Eu(lll) 1:2 1:(1.2) 9.72 10.50
Th(lll) 1:2 1:(1.2) 9.74 10.44
Yh(lll) 1:2 1: (1.2; 9.7¢ 10.2(

Analytical applications of binary and ternary complexes

Formation of intense colored, stable ternary congsevith large bathochromic shift from 610 nm (lbjneomplex)
to 660 nm (ternary complex) with increase in abande values at shifted wavelength and comparativedyjigible
absorbance of the reagent resulted into increasmolar absorptivities as compared to binary caxgé which has
been considered as a useful tool in microdetermainaif rare earths in the present investigatiom gsimary aim.
The study of analytical measurements has beeredaorit at pH 6.0 and at,,« 660 nm for ternary complexes and
at 610 nm in absence as a binary complex for cosgraunder similar experimental conditions. Thaulteseported
in the Table 7 and 8 for binary and ternary comeserespectively, proves that sensitization of #egent takes
place and the microdetermination of rare eartha sernary complex found to be a superior method leasdbeen
reported for the first time for metal ions undedstu

Order of addition of reagents

The sequence of addition of reagents has beermfedicstrictly as usual in all the experiments. THeMEAB
solution was first added to BPGR solution of desitencentration. The solution was kept at leaghBtutes for the
formation of so called BPGR - CDMEAB associatiom éomplete equilibration. To this modified reagemeetal
ion solution was then added for complex formation adjusted to a suitable pH in 50ml volumetricsKlaThe
absorbance of the solutions was then recorded.

Effect of time and temperature

5 ml. of M/1000 CDMEAB was added to freshly preghBPGR solution (4 ml of M/4000). This solution wept
for at least 30 minutes for equilibration. To thiedified reagent 1 ml of M/4000 rare earth metal $olution was
added. Total volume was adjusted to 6.0 pH in 50valumetric flask. The absorbance was measured edgular
time interval and it was observed that the colamfation was almost instantaneous in the formatibemary
complexes and remained constant for almost 24However 1 hr time was required to attain complepgilédration
for binary complexes. Effect of temperature hasnbstedied in the range 208D The rate of reaction at higher
temperature was faster in the formation of binary gernary complexes.

Effect of reagent concentration

The effect of reagent concentration was studieghich system in absence and presence by mixingds MI5000

metal ion solution and varying amountMf5000 BPGR. Five times excess of CDMEAB was aditethe BPGR
solution for ternary complexes. The pH of solutieas adjusted to 6.0 in absence and presence of GIBVIEotal

volume was adjusted to 50 ml. and absorbance wasded at 610 nm in absence and at 660 nm in presehn
CDMEAB. It was concluded that two fold excess iegance and six fold excess in absence of molareobration
of BPGR is required for maximum color development.
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Beer's law and effective photometric ranges

Beer's Law and effective photometric ranges wardistl in absence and presence of COMEAB by addanging
amount of different concentration of rare earthahiins. The metal ion solution was added to cortsianount of
BPGR (1 ml. of M/1000). Five time excess of CDMEARSs added for ternary complexation. Total volume wa
raised to 50 ml by addition of distilled water guid was adjusted to 6.0. The absorbance was thesureshat 610
nm for binary and 660nm for ternary. Validity of && law was confirmed by plotting the absorbangairest
concentration of metal ion.

From the curves, the range of concentration foreeglice to Beer's law was calculated. The effectiveyes of
photometric determination were also calculatedgittiis data by Ringbom (3) plot [48] of negative laf metal ion
concentration versus percentage transmittance., Thesange derived by slop of curves is seleatduketthe range
for effective photometric determination.

Beer's law and effective photometric ranges for determination of metal ions in absence and preseic
CDMEAB have been recorded in Table 8 and 9 resyegti Lower values of photometric ranges in pregeot
CDMEAB indicate that the metal ion can be determingvery low concentration which is not possibjesbmple
binary complexation. This proves the utility of CEMB in the formation of ternary complexes for the
microdetermination of metal ions.

Sensitivities and molar absorptivities

The molar absorptivities in absence for binary angresence of CODMEAB for ternary omplexes of ragths
were calculated by taking constant amount of mietalsolution and varying amount of BPGR solutiorpHi 6.0
and at 610 for binary and 660 nm for ternary coxgtien. The higher values of molar extinction caméint and
lower values of Sandell’'s sensitivity [49] agairope the utility of cationic surfactants in the nadetermination of
metal ions.

Procedure for microdetermination

Place sample solution containing about 10 to 4®fugetal ion in volumetric flask of 50 ml. Add akic2 ml of
modified reagent solution prepared by mixing 1 macke of M/1000 CDMEAB solution and M/5000 BPGR
respectively. Keep it for at least 10 minutes fomplex formation. Adjust the pH of the solutions6t® and make
up the final volume to 50 ml by adding water afre pH. Measure the absorbance of solutions an&&0The
amount of metal ion present in unknown sample goiutan then be obtained by comparing the absoebaalue
from calibration curve obtained under similar caiwtis. Table 8 records the results of micro sp@ttodometric
determination of rare earths with BPGR in presesid@DMEAB by above procedure.

Table 7. Photometric ranges for the determinatiorof rare earth as a binary complexes (pH aftudy = 6.0 and atma= 610 Nm)
Complex of Beer's law Ranges Effective photometric Molar absorptivities Sandell's sensitivities
BPGR (ppm) ranges (ppm) uglent
Y1) 0.11-.94 0.23-0.71 52000 0.0017
Nd(ll) 0.1¢-1.5¢2 0.3€-1.3¢ 5300( 0.002¢
Eu(lll) 0.20-1.12 0.60-1.12 53000 0.0028
Th(lll) 0.21-1.69 0.63-1.69 52000 0.0030
Yb(Il) 0.25-1.81 0.51-1.03 52000 0.0033

Table 8. Photometric ranges for the determinatiorof rare earth as ternary complexes. (pH of study 6.0 and athma,=660 nm)

Complex of Beer's law ranges Effective photometric Molar absorptivities Sandell's sensitivities

BPGR (ppm ranges (ppm) uglent

Y(l) 0.088-0.62 0.17-0.44 72000 0.0012

Nd(l11) 0.14-1.1¢ 0.2¢-0.8¢ 7200( 0.001¢

Eu(lll) 0.45-1.36 0.45-1.26 72000 0.0020

Th(lll) 0.15-1.27 0.31-0.79 72000 0.0020

Yb(ll1) 0.17-1.12 0.34-1.02 7200( 0.002:
CONCLUSION

Spectrophotometeric determination of rare earthsh whromopyrogallol red in absence and presence of
cetyldimethylethylammonium bromide have been suldi®llowing are the merits of modified method.

1236
www.scholarsresearchlibrary.com



G. W. Belsareet al Der Pharma Chemica, 2012, 4 (3):1226-1238

1) The interaction between anionic BPGR and catiodMEAB takes place resulting into formation of sdled
Dye-Surfactant complex of specific composition 1:2.

2) The addition of specific rare earth metal ion resdilinto the formation of intense colored stablendey
complexes with large bathochromic shift of 50 nrhQ@or binary and 660nm for ternary complexes).

3) This change is attributed due to formation of dgeplored ternary complex system in presence of GAH in
acidic medium.

4) The formation of ternary complexes with sharp paWwider pH range has been observed as comparegad&
binary complexes with broad shoulder in small phigex

5) Due to the shifted\,ox towards higher wavelength and comparatively négkgabsorbance of reagent resulted
into the large difference in absorbance betweerrdéhgent blank (BPGR-CDMEAB) and its ternary complEhis
resulted in enhancement of sensitivities and matbaorptivities again indicate the sensitizatioeabr reaction.

6) Increase in values of log K in presence of COMEAB ffarticular metal ion is greater than in absestuavs the
formation of stable complexes.

7) Higher absorbance values of ternary complexes Bndsa negligible absorbance of the reagent at 66@&sulted
into increase in molar absorptivities about 20080different rare earths and lower values of seits#s indicates the
metal ion can be determined at low concentration.

8) Further, the modified method for determination adtah ion requires smaller molar concentration ofdBPover
the metal ion concentration for full color develogmand is instantaneous in presence of CDOMEAB.

9) The modified reagent i.e. [BPGR (CDMEAfhas also been found to be extremely useful inglerometric
titration of rare earth metal ions giving very ghaolor change at the end point.

These observations suggest the utility of theseredl reactions in presence of CDMEAB for spectropimztric
determination of the metal ions with heighten stvigi. It may be mentioned here that BPGR in prese of
CDMEAB have been suggested for the first time amsitive reagents for spectrophotometric detemioimaf
metal ions understudy. Attempts have been madeolate the ternary complexes but invain being Boictal
nature and therefore the structure of binary anthty complex suggested are tentative. Thus thbadetuggested
in the present investigation is simple, rapid aighly sensitive for spectrophotometric determinatif metal ions.
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