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ABSTRACT

With the growing applications of lanthanoids in science and technology,
the study of coordination compounds of these elements has received great
attention. A large number of chromogenic reagents form soluble colored
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complexes with rare earths. Pyrogallol red has been reported to form blue Cetylpyridinium bromide (CPB);
colored complexes with rare earths and has been used for microdetermina Dysprosium (Dy);
tion of these metal ions. The addition of cationic surfactant, cetylpyridinium Holmium (Ho).

bromide (CPB), sensitizes the color reactions of Dy(I11) and Ho(l11) with
pyragallol red. Theformation of awater solubleternary complex of stoichio-
metric ratio 1:1:4 (e.g. Dy(I11)-R-CPB) isresponsible for the observed en-
hancement in molar absorptivity at shifted wavelength, when a surfactant
ispresent. Theternary complexes exhibit absorption maximaat 584nm with
a bathochromic shift of about 35nm. Beer’s Law obeyed between 0.5 to
6.30ppm. Effective photometric range and molar absorptivity of these ter-
nary complexes have been calculated. The optimum reaction conditions
and other analytical parameters were evaluated. The effects of interfering
ions on determination of both the metal ions were studied. A simple, rapid
and highly sensitive method for the determination of Dy(l11) and Ho(l11)
with pyragallol red is proposed. © 2010 Trade Sciencelnc. - INDIA

INTRODUCTION

Dysprosium metal isused in permanent magnets
for useinaudio speakersand industria applicationsas
well asfor magnetorestricitivedloys. The dysprosum
metal can a so be combined with vanadium and other
rareearthsto form an alloy used in laser manufacture.
Dysprosium’s thermal neutron absorption cross-sec-
tion and high meting point makeit ided for combining
with stainlesssted in nuclear applications. Along with

other small gpplications, dysprosium oxide hasfound
usein nickel cement used for cooling nuclear reactor
rods. Holmium isused asadopant for yttrium-alumi-
num garnetsused inlaser surgery andisalsousedinto
quench nuclear chainreactionsinfissonreactors. Hol-
mium findssomeusein aloy and phosphor production
aswell asinfiltersfor UV spectrometer calibration.
Lanthanum and yttrium are used in high technol ogy ap-
plications, such asin superconductors, supermagnets,
laser and dloys™.
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The complexation of tungsten(V1), vanadium(V),
molybdenum(V1), copper(Il) and titanum(1V) with py-
rogd ol red(PGR) and bromopyrogdlol red(BPGR) in
presenceof cationicsurfactant likecetylpyridinium bro-
mideand OP-7 were studied by A.M.Mamedeovaand
coworkers?4. Spectrophotometeric determination of
thorium, lanthanum, and yttriumin somegeologicd and
environmentd sampleswascarried by using eriochrome
cyanineR (ECR) in presence of TX-100 and CTAB'.
Thesurfactant (CPB) sensitized analytica reaction of
cerium (IV) with sometriphenylformazan derivatives
was studied by Ahmed and his coworkers®. Determi-
nation of trace amount of ruthenium (111) by the
spectrophotometeric method with rhodamine B in mi-
cellar medium (CTAB) was studied by Mohsen
Keyvanfard™. Samarium (111) was determined spec-
trophotometricaly by usng chromeazurol Sinthepres-
ence of cetylpyridinium chloride’®. Some of therare
earth e ementswith chromazurol Sinthe presence of
cetyltrimethylammonium bromideand Triton X-100
weredetermined spectrophotometrically®®. 2-Hydroxy-
1-naphthal dehyde-p-hydroxybenzoic hydrazoneasa
spectrophotometric reagent was used for the determi-
nation of lanthanum (I11) in presence of CTABY. The
ternary interaction of naphthochromegreen (NCG) with
cetyltrimethylammonium bromide (CTAB) and rare
earths(REs: Y b, Dy, Er and Eu) hasbeeninvestigated
with the mi crosurface adsorption-spectral correction
technique (M SASC)!. Cerium subgroup rare earths
innickel-basedloysin the presenceof yttriumwith p-
acetyl chlorophosphonazo and mixed surfactantswere
determined by spectrophotometric method™. Neody-
miuminmixed rareearthswith semi-xylenol orangeand
cetyl pyridinium chloride was determined by spectro-
photometric method™. Rareearth el ements(samarium,
dyprosium, yttrium, gadolium, neodymium, praseody-
mium, lanthanum, and cerium) with xylenol orangein
the presence of CPB were determined by spectropho-
tometric method™!. Rare earth d ements by flow injec-
tion analysis based on their reaction with xylenol or-
angein the presence of CPB were carried by spectro-
photometric method™. Ciclopirox olaminewas deter-
mined viaternary complex with Tb(I11) and EDTA by
spectrofluorimetric method*®. Thesolution studies of
ternary (1:1:1) complexes of Eu(lll), Gd(I1l), and
Th(I11) with benzoic acid/its derivatives and uracil/its
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hal o derivativesin dioxane-water (30:70 v/v) medium
(ionic strength | = 0.1 mol-dm™ NaNO,) have been
performed*”. Themethod isbased ontheluminescence
senditization of terbium (Tb*") by formation of ternary
complex with IB inthepresenceof tri-n-octyl phosphine
oxide (TOPO) and tween-20 as surfactant*®. Cationic
surfactants, such as cetyl pyridinium bromide (CPB),
sensitize the color reaction of Nb(V) with 1-(2-
benzothiazolylazo)-2-hydroxy-3-nagphthoicacid (1 ), 5-
(benzothiazolylazo)2,5-naphthalenediol (1), 5-(2-
benzothiazolylazo)8-hydroxyquinoline (1 ) and 4-(2-
benzothiazolylazo)2,2 -biphenyldiol (1) reagents™.
Lanthanum, holmium and manganesein synthetic ce-
ramics, (La(ol&x) Ho Sr,,MnO,), by using chromoge-
nic agent 5-Br-PADAP[2-(5-bromo-2-pyridylazo)-5-
diethylaminophenol] and triton X-100 asasurfactant
were determined by spectrophotometric method®.

Color reaction of PGR and complex formationwith
Dy(I11) and Ho(l11) in presence of micelleforming cat-
ionic surfactant CPB have not been reported so far.
Considering theincreasing demand of more senditive
reagents, the present study has been planned for mi-
crodetermination of meta ionsunderstudy. Thisprima:
rily decidesthe usefulnessand itsimportancefor deter-
mination of metal ions. Theresultsof the experiments
carried out with PGR in presence of CPB and itsinter-
actionwith Dy(I11) and Ho(111) have beendiscussedin
present investigation.

EXPERIMENTAL

All thechemicalsused wereof analytica grade pu-
rity. PGR supplied by Sigma chemical company
(U.S.A.) and CPB by Aldrich chemica company were
used. Thepurity of CPB wastested by argentometric
titration for determination of bromideion content(?Y.,
Both thelanthani desused astheir oxidesand were sup-
plied by Indian Rare Earth Ltd. India, of 99.99% pu-
rity. Thestock solution of PGR of 1 x 102 M and CPB
of 1 x 10M strength were prepared. Thelanthanide
(111 ionsolution of 1 x 102 M strength was prepared
by di ssolving respective oxidesin minimum quantity of
AR grade hydrochloric acid which were standardized
by precipitating metal ions astheir oxal atesand were
estimated volumetrically, by usng bromopyrogdlol red
asacomplexometricindicator. All subsequent dilutions
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of desired concentration were made by using double
didtilled water.

Order of addition of reagent

The CPB solution wasfirst added to PGR solution
and waskept for half an hour. Themetal ion solution
wasthen added to this sol ution and again kept for half
an hour to reach complete equilibrium. Thisorder of
mixing of sol utionswasmainta ned throughout thework.
All the absorption measurementswere made by using
Beckman DU-2 model spectrophotometer with
matched glasscellsof 10mm light pathworkingonits
current supply (220V) device. The pH adjustment was
doneusing ElicoMode LI-10 pH meter withglassand
calomel e ectrode assembly, and checked frequently
with buffer solution of potassium hydrogen phtha ate
(pH 4.02) and borax. The pH of solution was so ad-
justed using hydrochl oric acid and sodium hydroxide
solution of suitable concentration.

RESULTSAND DISCUSSION

Absor ption spectraof PGR

The absorption spectraof PGR solution show char-
acteristicA__ (¢): 518nm (298) inlow acidic medium
(pH 5.5- 6.5) and A (): 545nm (302) in akaline
medium (pH 7.0 - 8.0) whilein more acidic medium
(PH1.0-20) at A (€): 475nm (385). On addition of
CPB inmore acidic medium, theabsorbance decreases
with appearance of new peak at 430nm causing color
changefrom brownto light pink andin morediluted
solutiontoadmost colorless. Thiscolor changehasbeen
achieved inacidic medium dueto early dissociation of
protons in presence of CPB!?3. This decolorization
might be attributed to the interacti on between anionic
dyeand cationic surfactant as expected.

Effect of CPB on PGR

Themaximum decol orizing effect on PGRin pres-
enceof CPB hasbeen observedinakalinemediumin
5.0-8.0 pH range showing minimal ratio 1:4 at the
A (€): 570nm (275). When thisratio was reached,
the absorbance of the reagent remainsunaltered even
whenfivetimesexcessof CPB hasbeen added. There-
fore, thetentative composition so called “Dye-Surfac-
tant” association may be represented as [PGR (CPB) |.

—= Fyll Paper

Thedirect proof of thisassociation could not be col-
lected in present investigation asall the attemptshave
beenfailedtoisolateit from solution asconcentration
wasvery low. Similar resultswere obtained at pH 5.5
wherefurther studies of complex formation have been
carried out but the effectswereless pronounced. The
nature of absorbance spectraof thereagent was changed
in presence of higher amount of mineral sats. The ef-
fects caused by the addition of chloride and sul phate
ionswerelessascompared to nitrateions.

Complex formation with Dy(l11) and Ho(l 11)

Figure 1(a) and figure 1(b) show the comparative
absorption spectraat pH 5.5. Infigure 1(a), curveA
for absorption spectraof PGR aone shows :,__ (€):
518nm (298), curve B for PGR in presence of CPB
shows A __ (¢): 570nm (298), curve C is for PGR-
Dy(l11) complex at A, __ (€): 548nm (310) and curve D
isfor PGR-CPB-Dy(lll) complex at A__(€): 584nm
(462) indicating formation of strong ternary complex
showing abathochromic shift of 36nm.

Infigure 1(b), the absorbance spectraof PGR and
Ho(Il1) shows?.__ (€): 550nm (362) indicating very poor
complexationwhichisshiftedto _ (€): 584nm (469)
in presence of CPB owing to theformation of strong
ternary complex, showing abathochromic shift of 34nm
withincreasein absorbance.

However, strong complexation in presenceof CPB
with alarge bathochromic shift of ternary complexes
which appeared to be convenient to study the analyti-
ca applicationsfurther. Asthe modified PGR reagent
has considerable absorbancevaueat A (): 584nm
(465) of theternary complex, further studieshave been
madeat pH 5.5 at 584nmfor both themeta ionsunder
sudy wheremaximum differencein absorbance between
thereagent and ternary complex isobserved. Thein-
terfering hydrolysisof the polyva ent metd ionsinthe
weakly acidic medium has been suppressed duetoin-
creasein thestability of the complexesin presence of
CPB.

Effect of pH

It hasbeenfoundthat A (€): 550nm (330) of com-
plexesremains constant in the pH range5.0t06.0in
absenceand A __ (€): 584nm (465) of complexesre-
mains constant inthe pH range 5.0t0 9.0in presence
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TABLE 1: Comparativeanalytical parameter of theternary
complexesat pH 5.5,A _ of PGRat pH 5.5=518nm

Parameter Dy(l11) Ho(l11)
Amax of binary complex(nm) 548 550
Amax of ternary complex(nm) 584 584
Bathochromic shift (nm) 36 34
. A 5.0-5.8 A 5.0-6.2
pH range of stahility
P 5.0-9.0 P 5.0-9.0
) . A 5557 A 55-6.0
Effective pH range of stability
P5.5-85 P5.5-85
A 08.45 A 08.48
log K value
P 10.75 P 10.82

A 1.01-10.06 A 1.02-10.17
Beer’s law range (ppm)

P 0.58-06.29 P 0.51-06.36
range (ppm) P101-0503 P 1.02-05.09
Average molar absorpivity A 44500 A 47100
(dm” mol™ cm™) P 72400 P 79600

o , A 0.0036 A 0.0044
Sandell’s sensitivity (pg/cm®)
P 0.0028 P 0.0035

A-in absence and P- in presence of CPB

of CPB indicating the pH range of stability of complex
formation. Theoptimum pH rangeof stability wasfound
tobe5.0to5.8for Dy(lI1) and 5.0to0 6.2 for Ho(l11) in
absence; and 5.5t0 8.5 for both metalsunderstudy in
presence of CPB, wheretheabsorbanceremainsnearly
constant at A, _ (€): 584nm (465) of thecomplex. Thus
ternary complexation takesplaceinwider pH rangeas
compared to binary complexes. Thishasbeen observed
for both the metal s understudy.

Composition of complexes

The stoichiometric composition of metal ion and
PGR in absence and presence of ten times concentra-
tion of CPB havebeenfoundtobel:1at pH5.5. It has
been observed that PGR reagent at pH 5.5 exist as
[PGR(CPB),] asfour CPB ions are associated with
PGR asdiscussed earlier and therefore, the composi-
tion of complexesin presence of CPB may beexpressed
asM[PGR(CPB),] for boththemetal complexes. The
composition of the complex was studied by the Job’s
method of continuousvariation® and wasfurther con-
firmed by Moleratio method?4. Theformation of com-
plexes may therefore be expressed by an equation
(Omitting charges) asfollows.

M +[PGR (CPB) ] - M [PGR (CPB) ]

Thevauesof logK evaluated by Job’s method are
shownin TABLE 1 whichindicatethat theternary com-
plexesaremore stabilized.

Sability constant

Valuesof logK {where, K =[ML]/[M] [L]} of
complexesof both themetd ionsunderstudy in absence
and presence of CPB show that thevaluefor particular
metd in presenceof CPB isgreater in presencethanin
absenceof CPB. Thisisdueto theformation of stable
ternary complexeswith modified reagent in presence
of CPB.

Analytical applicationsof complexesof Dy(l11) and
Ho(ll1) in presenceof CPB

Theformation of intense col ored ternary complexes
with bathochromic shift at about 35nm for both metal
ionsand corresponding increasein absorbance values
at shifted wavelength facilitatestheandytica measure-
mentsfor microdetermination of metal ions. Someim-
portant analytical parametersand applicationsfor de-
termination of metd ionshavebeen summarizedin ab-
senceand presenceof CPB inTABLE 1.

Rate of color formation and stability of color at
room temperature

Color formation does not depend onreactiontime
andisamogt indantaneous. However themixtureswere
kept for 30min. for equilibration beforerecording their
absorbancesin the present study. Thestability of color
wastested at room temperature by measuring the ab-
sorbance of complex at regular interval of time. The
maximum absorbancewas achieved in 5min. after the
addition of reactants. Thecolor isquitestablefor more
than 48h. at room temperature. Thetemperature was
found to have no effect on color intensity of ternary
complexesfrom 20°-60°C.

Effect of reagent concentration

Different volumesof 1.0 x 10°M of PGR were
takenindifferent volumetric flaskstowhich equd vol-
umeof 1.0 x 102 M of CPB wasadded. 1ml of 1.0 x
10° M metal ions was then added in each flask and
total volumewas maintained at 25ml and adjusted at
pH 5.5, and absorbance readings were recorded at
584nm. It was found that PGR should be present at
least equal to metal ions concentration to have maxi-
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Figure2(a) : Curvesof Beer’slaw for determination of Beer’slaw rangesof PGR chelatesof Dy in absenceof CPB at pH 5.5

andA__ =548nm

1 =
0.8+
0.8 1
0.7
06+
0.5+
0.4 4

Absorbance

0.3 4
0.2
0.1
o v
D S P D
BB

B 0 =T T R -
q'-Q v fb{.o b\é}% 2 W T B

Conc.of metal in ppm

80

70

60

50

40

% T

30 4

20 4

10

58 -0.11 -0.36 -0.62 -0.89 -1.11

0
-log C

Figure2(b) : Ringbom plot for photometric deter mination of PGR chelatesof Dy in presenceof CPB at pH 5.5andA,__ =

584nm

mum color devel opment in presence of CPB. How-
ever inabsenceof CPB, reagent needed waseight times
asthat of metal ionfor full color devel opment.
Beer’slaw and effective photometric ranges

Thelinearity between the absorbance of complex
and concentration of metal ionwastested by takingthe

different volumesof metal ion solution of 2.0 x 10 M

inabsenceand presence of CPB. The concentration of
PGR and CPB solutionsused were 5.0 x 10* M and
5.0 x 10 M respectively. The volumes of PGR and
CPB solutionsused were4.0ml each. Totd volumewas
kept constant at 25ml at pH 5.5. The absorbanceval-
ueswere measured at 548nmfor Dy(l11), and a 550nm
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for Ho(I11) in absence and at 584nm for both themetal
ionsin presence of CPB. From agraph asshownin
figure 2(a) of absorbanceVsmeta ion concentration,
theBeer’s law ranges were then calculated and found
to be 1 to 10ppm for binary complexes. However in
presence of CPB, these ranges have been found to be
0.5t06.3ppm for ternary complexes. Themost effec-
tive photometric ranges asderived from straight-line
portion of the Ringbom plot asshown in figure 2(b)
(i.e. -velog of metal ion concentration versus percent-
agetransmittance) have been found to adherefrom 1.5
to 7.5ppminabsence of CPB. However in presence of
CPB, these ranges have been found to be 1.0 to
5.0ppm. Thusthe present va uesof photometric ranges
areinwell agreement with thevauesreported earlier
for themetd ionsunderstudy. Thusboth themetd ions
understudy can be determined by the present proposed
method when present inlow concentration.

Sengitivitiesand molar absor ptivities

Theaveragevauesof molar absorptivitiesof meta
complexes in absence and presence of CPB at the
wavelength of study aregiveninthe TABLE 1. The
increaseinvauesof thesengtivitiesand molar absorp-
tivitiesof ternary complexeswhich primarily decides
the usefulness and importance of the present reactions
for themicrodetermination. Thusthe present investige-
tion showsthat sengitization of thereagent in presence
of CPB takes place and can be used for the microde-
termination of boththemetal ionsunderstudy.

Effect of foreignions

Themethod suffersfromlack of specificity but with
lessinterference. The determinationispossiblein ab-
senceof metal ionssuch as Sc, Y3+, Th*, Li%*, other
lanthanides, Ag*, Pd®, Hg?", In?*, Au®*" and anionssuch
as nitrates, oxalates, citrates, succinates and EDTA
grongly interfere.

Recommended procedurefor microdetermination
of individual Hoand Dy

Toan aliquot containing 0.6 to 6.30ppm of above
metal ions (Ho/ Dy), add 8ml of the modified PGR
solution, prepared by adding each of 4ml of PGR and
CPB of concentrations5.0 x 104 M and 5.0 x 103 M
respectively in 25ml volumetric flask. Dilutethe solu-
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tionwith digtilled water to 25ml after adjustingpH 5.5.
Allow themixtureto stand for about Smin. for full color
devel opment. M easuretheabsorbance of thisunknown
solution at 584nm for both the metal ionsagainst re-
agent blank of the same pH prepared inthe same man-
ner. Theamount of metal ions present in sample solu-
tion can be evaluated by comparing this absorbance
from calibration curve obtained under smilar condition.
Theresultsof ten determination of 45.30ug per 25ml
for Dy(I11) and 65.80ug per 25ml of Ho(l11) showed
standard average deviation of 0.048 and 0.081 respec-
tivey.

CONCLUSION

Thusthereagent reported in presenceof surfactant
CPB can beused as one of themost sensitive reagent
for the spectrophotometric analysis of Dy(lll) and
Ho(l11) when present in extremely sma | concentration.
Theincreased stability hasbeen achievedin presence
of surfactant corresponding to aternary complexation
whichisadequatefor theanalytical purposes. Thede-
vel oped procedure appeared to be quite senditive, pre-
ciseand reproducible. Thecommercia exploitation of
thesereactionsneedsfurther investigation.
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