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ABSTRACT

The absorbance quenching capability of Bi** towards the copper(l1)-
ethylenediaminetetraacetate, [Cu(I1)-EDTA]? absorbing system, was al-
ternatively exercised for measurement system’s permittance in spectro-
photometric determination of bismuth. The validity of this method was
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tested at 725 nm by measuring the clearance of [Cu(I1)-EDTA]? system,
which was subsequently formed in the Bi® solution via utilizing surplus
EDTA. The linearity of permittance (viz. logarithm of clearance) versus
concentration of bismuth was used for determination of bismuth. The ef-
fects of some important variables on the determination of bismuth based
on proposed method were studied. The average value of system’s
permittance coefficient was observed as0.1488lit.g'cm? at pH 1.0t0 1.25
for concentration of bismuth in the range of 0.002 g to 0.080g. The method
was successfully applied for determination of bismuth in Trymo tablets.
The average accuracy was found good, which was evaluated by compari-
son of the results obtained with those claimed by the manufacturer.
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INTRODUCTION

Bismuth anditscompoundsplaysanimportant role
in chemical and biological processes, andisusedin
semiconductors; cosmeti cspreparation, aloy and met-
allurgical additives. The bismuth metal isused for
preparation of alloysof low melting points, which are
characterized by their expansion on cooling?. Bismuth
saltsespecially the subnitrate being used for medical
purposes because those are generally not poi sonous
and may betaken internal ly without dangert?.

Because of wideapplications, numerousanaytica

methods have been investigated for determination of
trace quantity of bismuthin varioustypes of sample.
Theseincluded ectrothermal vaporizationinductively
coupled plasmamass spectrometry®®4, graphitefurnace
atomic absorption spectrometry’™, voltammetry with
modified carbon paste electrodel®”, stripping
voltammetry®1% and spectrophotometry-8, With
most of thesesengitiveinstrumental methods, requires
the preconcentration of analytefor quantitation of trace
amount of bismuth.

Bismuth with high content was determined by di-
rect EDTA titration, employing thiourea, iodideand
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cupricionasindicator**2 for detection of photometric
end point. The changein concentration of thioureaand
iodide may affect the end point of photometrictitra-
tion. Theinformation of stability/formation congtant (log
K,) of meta-EDTA chelates and their absorption spec-
traarethe parameters? utilized for simultaneousde-
termination of bismuth and copper inasinglephoto-
metrictitration®3. Although the detection of exact end
point by graphica meansistediousand time consum-
ing yet photometric titration methods are consistently
used, sincethe presence of other substances absorb-
ing at the same wavel ength does not necessarily cause
theinterference, inasmuch asonly the changein ab-
sorbanceissignificant!?s,

ThelogK, values®#1 of EDTA complexesof bis-
muth and copper are reported as 22.8 and 18.7 re-
spectively, which aresufficiently larger indicates both
chelates are much more stable; however, [Bi(lll)-
EDTA]Y havemore stability than [Cu(l1)-EDTA]Z.
The considerable differencein the stability constant
alowsbismuthtoreact with EDTA first in presence of
copper conseguently, copper ionsfunctioning asan
indicator?® in bismuth titration aswell aspermitsfor
smultaneous?® determination of bothmetdsinasingle
photometrictitration. The samegeneralized principle
was exercised herefor spectrophotometric determi-
nation of bismuth using copper ionasanindicator for
surpluseDTA.

In this method, Bi®*" solution buffered with
chloroacetic acid wastreated initially with fixed and
excessof EDTA reagent; after quantitative chelation
of Bi** as[Bi(I1)-EDTA]* thesurplusEDTA was uti-
lized for generation of [Cu(I)-EDTA]? absorbing sys-
tem viaadding fixed quantity of Cu?* solution. The
solution with greater concentration of Bi** left the
smaller amount of surplus EDTA (for generation of
absorbing system) and viceaversa. Asaresult, the
color intensity of [Cu(ll)-EDTA]? chelate was ob-
served inversely proportional to the concentration of
bismuth. Hence, the permittance® of the absorbing
system was found directly proportional to the con-
centration of bismuth. Thus, the absorbance quench-
ing'? action of bismuth analyte on to the [Cu(ll)-
EDTA]? absorbing system wasworked out asan al-
ternativeway for determination of bismuth.
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EXPERIMENTAL

Apparatus

) Shimadzu UV-Vis ble spectrophotometer (Model
UV-1800) was used with the quartz standard rect-
angular cuvettesof identica dimensonfor measure-
ment of % transmittance.

i) Equip-tronics pH-meter (Model EQ-610) was
used to check the pH of test solutions.

Reagentsand chemicals

All the chemicalsused were anaytical gradeand
were used without further purification.

(1) 4.0L.0.05M Bi** solution[viz. 10.450 mg mi of
Bi3*] was prepared by dissolving 97.016 g. of
Bi(NO,),.5H,0 in minimum quantity of conc.
HNQO,, followed by dilution with distilled water
containing sufficient HNO, to makethefinal solu-
tionin0.5M HNQ,. Thissolution of Bi* wasstan-
dardized against standard EDTA solution using
chloroacetate buffer and xylenol orangeindicator
and it wasfurther diluted with0.5M HNO,so asto
obtain 10.0 mg ml-*of bismuth. Furthermore, the
cd culated volumes of Bi®* stock solutionweredi-
lutedto 1.0liter with0.5M HNO, and8.0mgml™,
6.0mgml, 4.0 mgml*and 2.0 mgml?Bi* solu-
tionswere prepared as an and yte solution of Bi®.

(2) 4.0L.0.1M EDTA solution wasprepared by dis-
solving 148.896 g. of disodium dihydrogen
ethylenediaminetetraacetate dihydrate, Na,H.-
EDTA2H,0indistilled water. The salt was dis-
solved by warming the solution nearly to 60-70°C.

(3) 4.0L.0.1M Cu(NO,), solution was prepared by
dissolving 96.640g. of Cu(NO,),.3H.Oindistilled
water. Thesolutionsof EDTA and Cu(NO,), pro-
duces[Cu(I1)-EDTA]?# absorbing system, there-
fore, they aretermed here asabsorbing system re-
agent.

(4) 40L.1.0M CH,CICOOH solutionwas prepared
by dissolving 378.0 g. of monochloroaceticacidin
distilled water. The solution of chloroacetate was
used asbuffer.

(5) 8.0Liter 0.5M HNO, solutionwasobtained by di-
luting 256.0 ml of conc. HNO, with distilled water.

(6) Trymo tabletsmanufactured by Reptakos, Brett and
Co. Ltd. of batch No T 8030C were used for deter-
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minationof bismuth. Manufacturer granted that, each
film coated Trymotabl et containscolloidal bismuth
subcitrate equivalent to 120 mg of Bi,O..

Method for deter mination of bismuth

Theandytical performanceof themethod wastested
primarily with the standard test solutions(TS) of bis-
muth of varying range of concentration and it wasini-
tidly implemented with the determination of bismuthin
therange 0.010 g. t0 0.100 g. For preparation of test
solutions(TS) of Bi**inthisconcentrationrange, 1.0ml,
2.0ml, ...,t010.0ml diquotsof 10.0mg mi-Bi* solu-
tion wereadded sequentidly into 25ml graduated flasks
each containing 5.0ml of 1.0M CH,CICOOH asabuffer
solution. To equalize the proton ions concentration,
9.0ml, 8.0ml, ..., t00.0ml diquotsof 0.5M HNO, were
aso added seridly into thesevolumetric flasksnumbered
as2to 11. Thenin each flask, 4.0ml of 0.1M EDTA
sol ution was added and reaction mixture was shaken
thoroughly for quantitativechelation of Bi**withEDTA
andimmediately 4.0ml of 0.1M Cu(NO,), solutionwas
addedfor utilization of thesurplusEDTA and generation
of the[Cu(I1)-EDTA]? absorbing system. Thereaction
mixtureswerefurther diluted to 25ml with distilled wa:
ter. Excluding only Bi** solution, thereagent blank (RB)
solution® waspreparedin flask No.1 with 10.0ml 0.5M
HNO,. Thetrueblank (TB) or referencesol ution* was
aso preparedinthesmilar way usng 11.0ml of 10.0mg
miBi** solution. Theadded 4.0ml of 0.1M EDTA was
completdly utilized for chelation of excessof bismuth
(0.110q.) Bi** present, so no possibility of generation of
[Cu(I)-EDTA]? absorbing systemin TB solution.

Thevisibleabsorption spectrumof [Cu(I1)-EDTA]?
system (viz. RB solution) was obtained against the TB
solution, and awave ength 725nm was sel ected for mea-
surement. The%T of RB aswell aseach TSwasmea-
sured at 725nm against TB asareference. The%T of
the RB was used for obtaining the d earance® vd ue of
test solutions. Thegraph of clearanceof the absorbing
system versusthe concentration of Bi*wasprepared
for testing validity of the method and thelinearity of
permittance? of the absorbing system against the con-
centration of Bi**was used for determination of bis-
muth. An ana ogous method wasfurther practiced for
quantitation of Bi* in different lower range concentra-
tionsof bismuth.

—= Fyll Paper
RESULTSAND DISCUSSION

Ethylenediaminetetraacetic acid (EDTA) is a
hexadentate chel ating reagent which combineswith
Bi** and Cu?* in 1:1 stoichiometry. EDTA givesre-
markably stable chel ateswith the cage-like structure
inwhich the cationiseffectively surrounded by and
isolated from sol vent molecules®. Thestability of these
metal-EDTA chelatesismostly related to complexing
ability of the Bi** and Cu?* ionswiththe EDTA and
the pH of the solution®. The earlier literaturel®!
showed theminimum pH needed for satisfactorily che-
lation of various cationswith EDTA; strongly acidic
pH (in between 1-2) can betolerated in the complex-
ation of Bi* withEDTA.

Sability of [Cu(l1)-EDTA]? absorbing system

Reaction with 1.1 stiochiometry between of Cu?*
and EDTA producesintense blue colored [ Cu(ll)-
EDTA]? chelate which was employed asthe absorb-
ing system at 745nm for spectrophotometric deter-
mination of copper®?. The same chelation reaction
in acetate buffer was al so utilized for amperometric
determination of EDTAI?", The chelating reagent
EDTA hasgreat nucleophilic capability to complex
the cupric ion over a broad pH rangel®; thus, the
stability of [Cu(l)-EDTA]? chelateis not affected
significantly by the pH of the solution. In this study,
[Cu(I1)-EDTA]? chelatewasgenerated at pH nearly
in between 1.0to 1.25 to which quantitative chela-
tion of Bi**wasa so attained. The stability of [Cu(ll)-
EDTA]? system at this pH is also experimentally
beneficial, sincethe sample solution of bismuth was
prepared using strong acids.

Cupricion-indicator for surpluseDTA

Thesuffident difference (about 4.10) ingtability con-
stant (log K,) value®21 of EDTA chelate of Bi** (log K,
=22.8) and Cu** (log K =18.7) reveal sthat, [Bi(ll1)-
EDTA]* chelateismuch more stable?? than [Cu(ll)-
EDTA]? chelate. Therefore, it was appropriateto uti-
lizethesurplusEDTA inthetest solutionsfor genera-
tion of [Cu(ll)-EDTA]? astheabsorbing system, with-
out disturbing the stability of [Bi(111)-EDTA]* chelae.
Furthermore, copper chel ate exhi bits maximum absorp-
tioninthevisibleregion where other speciesinthetest
solution exhibitsnil absorption.

— a%a['yttaa[’ CHEMISTRY
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Equalization of proton ion concentration

Although the stability of absorbing systemisnot
affected by presence of minera acidsbut thevariable
proton ion concentration in test solutions affectsthe
ionization of EDTA to more or lessextent; whichre-
flectsitsadverse effect on theana ytical performance
of themethod. Evenif, test solutions were buffered
with 5.0 ml of 1.0M chloroacetic acid solution®, but
thelinearity of system’s permittance against concen-
tration of bismuth wasfound good, when 0.5M HNO,
solution was added in inverse order (asexplainin
method) tothe TS. Moreover, the addition of buffer
Species ensures quantitative chelation of both metals
viacontrolling theionization process of EDTA through
nullifying the effect of protonsreleased from EDTA
during complexation reactions. Though, thevolume of
1.0M CICH,COOH (buffer solution) wasincreased
from 5.0ml to 7.0ml or decreased to 3.0ml, theana-
Iytical performance of the method was observed un-
changed, when the concentration of H* ionswasequa-
ized by addition of 0.5M. HNO,.

Selection of thewavelength for measurement

The proposed method emphasi s on the measure-
ment of permittance® of the[Cu(l1)-EDTA]? absorb-
ing systemfor quantitetivedetermination of bismuth. The
optical density of thisabsorbingsystem indicatesthe
concentration of surplusEDTA intest solutions. There-
fore, for attending the greater sensitivity, it was neces-
sary to carry out measurement at the system’s Amax
wavel ength. For thispurpose, visibleabsorption spec-
trumof [Cu(I1)-EDTA]?* chelate (viz. RB solution) was
obtained against the TB solution asareference, both
were prepared as described in experimental section.
Thespectrum clearly showed that, the[ Cu(ll)-EDTA]?
chelatein chloroacetic acid and nitricacid medium ex-
hibits maximum absorptivity intheregion 716 nmto
728 nm (highest at 725 nm). Therefore, measurement
of %T was carried out at 725 nm at which all other
speciesaretransparent, except thefree Cu?* ionshave
little absorbanceat thiswave ength. Therefore, equiva
lent amount of free cupricionswereadded in TB or
reference sol ution for compensating thebackground ab-
sorbance of unused Cu?*ions. Though the concentra-
tion of unused/ free Cu** ionswasnot identica inall
test solutions, but that does not affect much thelinearity
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of system’s permittance versus concentration of bis-
muth. Inthefurther part of theexperiment, the selected
volumeof cupricion, nitric acid and chloroacetic acid
solutionswereonly diluted to 25.0 ml with didtilled weter
for obtainingthe TB solution.

Analytical performanceof themethod

Thetest solutionsof bismuth prepared asmentioned
inabovemethod, providesan excellent evidencethat,
at thefixed and excessconcentration of EDTA, theblue
color intensity of [ Cu(ll)-EDTA]? absorbing systemis
directly proportional to the concentration of surplus
EDTA andinversdly proportiona to the concentration
of bismuth. Since, the concentration of surplusEDTA
|eft after compl exation of Bi** wasinversely propor-
tiona to the concentration of Bi* intest solutions. After
measurement of %T at 725nm of each TS and RB
against TB asareference, the clearance of test solution
was cal cul ated?® and plotted against the concentration
of bismuth for testing thevalidity of themethod. This
graph (Figurel) illustratesthat, at fixed wavelength and
concentration of EDTA, theclearance of the absorbing
system of constant path-length exhibitsan exponentia
increase with concentration of Bi**. The clearance of
theabsorbing systemingtigatesat vaue1 on Y-axisand
increases exponentialy withthearithmeticincreasein
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Figurel: Thegraph of clearance(Cr) against the concentr a-
tion of bismuth; the curveA for 10.0mgto 100.0mg; curveB
for 8.0mgto 80.0mg; curveC for 6.0mgto 60.0mg; curveD
for 4.0mgto40.0mg of Bi**.
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concentration of thebismuth (Figure 1). Furthermore,
thegraph of permittance? (viz. logarithm of clearance)
of the absorbing systemisplotted versus concentration
of the Bi**, d'so demongtratesthat, sysem’s permittance
isdirectly proportiona to concentration of thebismuth
(Figure2; TABLE1).

0.6

04 -

0.2+

Permittance

0.0 ¥

[BiS*]in mg
Figure2: Thegraph of permittance (Pr) against the concen-
tration of bismuth; thecurveA for 10.0mgto 100.0mg; curve
B for 8.0mgto 80.0mg; curveC for 6.0mgto60.0mg; curveD
for 4.0mgto40.0mg of Bi*.

TABLE 1: Theresultsobtained at 725nm in quantitative
deter mination of bismuthin therangefrom 6.0mgto 60.0mg

Clearance

. aat
SO Gl T o, %, Pt Lol
(25.0ml) %T,, dilution (itgrem?)

00 RB 0.000 3116 1.000 0.0000
10 TS 0.006 33.85 1.086 0.0360 599 0.1497
20 TS 0012 36.64 1.176 0.0704 586 0.1465
30 TS 0.018 39.87 1.280 0.1070 595 0.1487
40 TS 0.024 4311 1.384 0.1410 5.87 0.1467
50 TS 0.030 46.94 1.506 0.1779 593 0.1483
60 TS 0.036 50.93 1.634 0.2134 593 0.1483
70 TS 0042 5531 1.775 0.2492 593 0.1483
80 TS 0.048 60.03 1.927 0.2848 593 0.1483
90 TS 0054 65.16 2.091 0.3204 593 0.1483
100 TS 0.060 72.06 2.313 0.3641 6.07 0.1517
Average Values: 5.939 0.1485

Figure 1 also demonstratesthat, the absorbing sys-
tem of fixed reagents concentration, when containthe
greater concentration of Bi** showsmorecurvaturein

—— Fyll Peper

the clearance curve. Thelarger concentration of Bi®*
left smaller amount of surplusEDTA intest solutions,
consequently, generatesmoreresolved %T readingswith
respect to %T reading of RB solution. Theresolutionin
%T reading = (%T,-%T ). Comparatively, greater
concentration of system’sreagentswhen employed for
determination of trace concentration of bismuth, the
resolutionin %T reading was observed poor and the
clearance curve appeared nearly asastraight line.

Curve‘A’infigure 1 andfigure 2 showsthedevia-
tion, which isobta ned when themethod wastested for
quantitation of bismuthintherange 10.0mgto 100.0mg.
The4.0ml of 0.1M EDTA issufficient to chelateonly
83.6 mg of bismuth (viz. 8.0ml 0.05M Bi**). The con-
centration of Bi** when equal to 90.0mg or 100.0mg,
nosurplusEDTA leftinthe TS; consequently, these TS
wereidentical to TB, so theabsorbing system shows
deviation fromlinearity. Thissystem’sdeviationfrom
thelinearity isa so confirmation of quantitativechela-
tion of bismuthwithEDTA.

Effect of analyteconcentration on permittance

Permittanceistheinability of thetest solution (ab-
sorbing system with quencher analyte) to absorb the
light of specificwave engthwith respect to reagent blank
(absorbing system only) solution®, Therefore, exclud-
ing only Bi* analyte, the composition of RB solution
waskept identical inevery respect to TS. With thefixed
concentration of absorbing sysem’sreagents|viz. 4.0ml
of 0.1M EDTA and 4.0ml of 0.1M Cu(NO,),]; ana-
lytical performance of themethod wastested with dif-
ferent standard sol utions of bismuth of known concen-
tration. It was observed that, permittance of the ab-
sorbing system was dependent only on the concentra-
tion of bismuth, sincethe extent of chelation reaction
that occurred between Bi**and excessof EDTA isto-
tally subjectiveto the concentration of Bi** only. Asa
result, concentration of thesurplus EDTA aswell the
optical density of copper-chelatewasinversely pro-
portional to the concentration of bismuthintest solu-
tions. Thus, at fixed wavelength and concentration of
reagents, the permittance of the absorbing systemwas
observed directly proportiona to the concentration of
Bi®* analyte(Figure2; TABLE1).

Per mittanceand per mittance coefficient
The relationship?® between the system’s

—— a%a['yttaa[’ CHEMISTRY
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permittance (Pr) and concentration (c) of quencher
analyte can bewritten as shown below and was used
for determination of proportionality constant (a”) of
1.0cm path length (b) absorbing system.

Pr =&’ b c(when conc. of analyte, cing/L) or D

Pr =g’ b ¢ (when conc. of analyte, cin mol/L) 2
The proportionality constant a’ is termed here as
permittance coefficient or € asmolar permittance co-
efficient of theabsorbing system; inorder to distinguish
that form absorptivity (a) or molar absorptivity (€) the
proportionality constant term used in Beer’slaw.

At 25.0ml final dilution of test solutions, the pro-
portionality constants shown in TABLE 1 are calcu-
lated by using equation (1). At afixed wavelength, and
concentration of absorbing system’sreagents, the pro-
portionality constantswereremained samefor various
concentration of bismuth anayte. But thevaluespro-
portiondity constants were observed decreasing with
increaseinfinal dilution volume of test solutions, since
the number of absorbing speciesper unit pathlengthin
the sol ution decreaseswith dil ution. For result reported
inTABLE 1, theaverage proportionality constant is
5.939at 25.0ml for fina volumedilutionwhen doubled
from 25.0 ml to 50.0 ml, the proportionaity constant is
decreased from 5.939t0 2.973 (nearly equal to half).
Thus, for aoneliter final dilution, the proportionality
congtant becomes (nearly equa to 0.1485) permittance
coefficient for asolution of absorbing system contain-
ing unit concentration of analyte; whenmeasuredina
cdl of unit path length. Consequently, thedimensionsof
permittance coefficient arelit.g.“cm™. For every differ-
ent dandard solution of bismuthwith theabsorbing sys-
tem permittance coefficient was observed nearly as
constant (TABLE 1and TABLE 2). Increaseindilu-

TABLE 2: Thepermittance coefficient of theabsorbing sys-
tem at 725nm for the different range of concentration of
bismuth

Concentration Average Average
of bismuth Pro. Const. Pr. coeff.
(9) at 25.0ml Lit g.'em™
0.010 to 0.080 5.986 0.1497
0.008 to 0.080 5.996 0.1499
0.006 to 0.060 5.940 0.1485
0.004 to 0.040 5.922 0.1481
0.002 to 0.020 5.916 0.1479
Avg. Vaues> 5.952 0.1488

tion volumedecreasestheva ueof proportiondity con-
stant. Similar circumstance was observed with the
permittance of the absorbing system. The permittance
vauesfor aseriesof different standard solution of bis-
muth with theabsorbing system (TABLE 1) werea so
decreased nearly equd to haf whendilutionisdoubled.
But alongwith thedilution, concentration of reagentsis
aso doubled, then permittancevaueswerenearly smilar
tothoseareobserved in doubledilution.

Effect of reagent’sconcentration on permittance
and per mittance coefficient

Thisstudy was carried out through quantitative de-
termination of bismuthintherange0.006 g.t00.060¢.
with different volumes of absorbing system reagents.
Thestandard solutions of bismuthin thisconcentration
range were prepared separately with the volume 3.0
ml, 4.0ml, 5.0ml and 6.0 ml of 0.1M EDTA and 0.1M
Cu(NO,), reagents; inaddition 3.0ml of 1.0M buffer
solution was also used at 25.0ml final dilution of TS.
The results of this assay at 725nm (summarized in
TABLE 3) interpret that, even if the concentrations of
reagents are altered, the permittanceisconstant for a
fixed concentration of bismuth. That means the
permittance of the absorbing system isdependent only
on concentration of the analyteandisindependent on
the concentration of reagents. Moreover, at thefixed
wave ength (725nm), the permittance coefficient at ev-

TABLE 3: Thereaultsobtained at 725nm, in thequantitation
of Bi®* from 6.0mg to 60.0mg with 3.0ml, 4.0ml, 5.0ml and
6.0ml volumesof 0.1IM EDTA and 0.1M Cu(NO,), reagents.

Clsig*c' Pr. Iit&.llg'l Pr. Iiti]'l Pr. Iit&.llg'l Pr. Iit&.llg'l
o @om) S @omy 9 som) (9 eomh 1
0.000 0.0000 0.0000 0.0000 0.0000
0006 00365 01519 0.0357 01486 00331 0.1381 00355 0.1479
0012 00706 0.1471 00713 01486 00719 0.1497 0.0672 0.1400
0018 01108 01539 0.1069 01485 0.1071 0.1488 0.1069 0.1484
0024 01439 01499 0.1420 01479 0.1428 0.1487 0.1419 0.1478
0030 01801 01500 0.1789 01491 0.1785 0.1487 0.1784 0.1487
0036 02180 01514 02161 01500 0.2157 0.1498 02134 0.1482
0042 02506 0.1492 0.2516 01498 0.2528 0.1505 02511 0.1495
0048 02872 01496 0.2872 01496 0.2886 0.1503 0.2869 0.1494
0054 03248 01504 0.3267 01512 03250 0.1505 0.3236 0.1498
0060 03601 01500 0.3651 01521 03654 0.1522 03504 0.1498
Average  0.1504 0.1496 0.1488 0.1480
Values>
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ery different concentration of Bi** aswel | asthevolume
of sysem’sreagentsisaso nearly constant. Thechange
in permittance coefficient was observed by afactor of
0.0008 with theunit changein thevolume of absorbing
system’sreagents(TABLE 3). Thisvaueisvery smal
canbeignored.

Further, it wasa so observed that, theresolutionin
%T readingsisdecreaseswith increasein the volume/
concentration of system’sreagents. Although thereso-
lutioninthe%T readingsdoesnot affect the values of
clearance and permittance of the system, but poor reso-
|ution decreasesthesengtivity (minimum andytequanti-
fying capacity) of the method. When trace concentra-
tion of bismuth (about 0.1 mg) whentested with higher
volume (10.0ml of 0.1M EDTA and 0.1M Cu(NQ,),]
of reagents, the %T reading of this TS was observed
nearly equal to %T reading of RB; asaresult theclear-
ancevauewasnearly equd to 1 and permittanceequa
to zero. Therefore, by cons dering theana yte concen-
tration, the volume/concentration of theabsorbing sys-
tem reagentswas sel ected in such way that the absorb-
ing system should produce the better resolution and
good sengtivity.
Effect of wavelength (Selected for analysis) on
per mittanceand per mittance coefficient

Thevaueof proportiondity constant, absorptivity
(8) or molar absorptivity (¢) in Beer’slaw isgoverned
by thewavel ength selected for analysis; for thefixed
concentration and path length of the absorbing species;
itisgreatest at the wavel ength (Amax) wherethe ab-
sorbing speci esshowsmaximum absorbance. InBeer’s
law, the sol ution of absorbing speciesof fixed concen-
tration and path lengthwhen measured at different wave-
lengths producesthe different val ues of absorbance as
well asabsorptivity. Thisnotionwasal so observed true
inthe proposed method and it was proved through mea-
suring the same standard sol utions of bismuth withthe
absorbing system at different wavelengths.

The [Cu(l1)-EDTA]?# absorbing system in
chloroacetic acid and nitric acid medium was showed
thelmax at 725nm. Along with Amax wave ength, the
test solutionswere measured at 600nm, 665nm, and
800nm. Theresultsof thisassay (summarizedinTABLE
4) dlucidatethat, for thefixed concentration of bismuth
intheabsorbing system of constant path length, gener-
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aesthedifferent vauesof permittanceat different wave-
lengths. Correspondingly, themagnitude of permittance
coefficient (") wasd so absolutdy administrated by the
wavelength sdected for andyss. Themagnitudeof both
of thesequantitieswas observed maximum at system’s
Amax wavelength.

TABLE4: Theresultsobtained at 600nm, 665nm, 725nm and

800nmin thequantitation of Bi**from 6.0mgto 60.0mgwith
4.0ml volumesof 0.1M EDTA and 0.1M Cu(NO,), reagents

[Bi*] Pr.at Iité'g'l Pr.at Iita.'g'l Pr.at ”ta.lg,l Pr. at ”ta.lg,l
(9) 600nm et 665nm et 725nm em 800nm em
0.000 0.0000 0.0000 0.0000 0.0000

0.006 0.0093 0.0389 0.0275 0.1145 0.0358 0.1490 0.0274 0.1144
0.012 0.0187 0.0389 0.0551 0.1149 0.0716 0.1492 0.0534 0.1112
0.018 0.0279 0.0387 0.0842 0.1170 0.1025 0.1423 0.0830 0.1152
0.024 0.0374 0.0389 0.1097 0.1143 0.1443 0.1503 0.1115 0.1162
0.030 0.0478 0.0398 0.1379 0.1150 0.1786 0.1488 0.1393 0.1161
0.036 0.0567 0.0393 0.1662 0.1154 0.2167 0.1505 0.1626 0.1129
0.042 0.0663 0.0395 0.1936 0.1152 0.2521 0.1501 0.1959 0.1166
0.048 0.0772 0.0402 0.2307 0.1201 0.2881 0.1501 0.2285 0.1190
0.054 0.0901 0.0417 0.2570 0.1190 0.3256 0.1507 0.2546 0.1179
0.060 0.1015 0.0423 0.2886 0.1203 0.3664 0.1527 0.2894 0.1206
Avg. Values> 0.0399 0.1166 0.1494 0.1160

Thus, the permittanceisthe property of absorbing
system governs by the concentration of absorbance
quencher analyte®, isfixed at the fixed wavel ength.
Furthermore, the absorbing system was produced bet-
ter resolved %T readingsonly at itsAmax wavelength.
Therefore, the quantitative assay of quencher analyte
should be carried at the system’sAmax-wave ength for
better sensitivity; sincethe small quenchin system’s
absorbance (by thetrace concentration of analyte) is
well detectableat thiswavelength.

Relativeerror in absorbing system’sclearanceand
permittance

Many theoretica and experimenta investigations
have been carried out on precisiont** and accuracy*®
in the mol ecular absorption spectrophotometry. For
minimum relativeerror itisessentid to confinethe%T
reading of absorbing system in the range?"*¢ between
*20%t0 60%’. The specific volume/ concentration of
absorbing system (or its reagents) on reaction with
andyte, when generates%T readingsexactly in between
20% to 60%’; that volume may be termed here as
absorbing system’sbest volume; sinceit generates%T
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readingswhicharevalid for minimumrelaiveerror.

With thebest volume of absorbing system, the%T
valueof the RB startsnearly at 20% and for test solu-
tion with highest concentration of theanalyte, TSmax
(TSmaxisnot the TB); %T valuenearly ends at 60%.
Under suchacondition, theoreticaly theclearanceval-
uesfor thisset of %T readingsarein between 1.000
(for RB) to 3.000 (for TSmax); and corresponding
permittance va uesarein between ‘0.0000t0 0.4771".

Thus, theabsorbing sysemwithitsany specificvol-
ume/concentration on reaction with anayte, when gen-
eratesclearancevauesin therangein between <1.000
t03.000’ areconsidered vaid for minimumrelativeer-
ror; even though theinstrument output of %T may of
may not be in between 20% to 60%’. When thein-
strument output % T isnot occurred in therange of <20%
to 60%’; thefactorsthoseintroducetherelative error
inthe%T reading of the RB solution, exactly the same
factors(withlittlebit moreor lessmagnitude) introduce
thereativeerrorinthe%T readingsof TS. Theclear-
ance values of the TS, when cal culated®! using %T
reading of RB solution (TABLE 1), theeffect of rela-
tive error associated with each %T reading gets can-
celled out to more extent. For the RB solutiontherela
tiveerror associated with clearanceisgetscancelled to
100%; sinceclearance of RB (isequal to 1.000) isthe
ratio of identical readingsof %T.

Thevalid %T reading may beobtained by increas-
ing or decreasing the volume/concentration of absorb-
ing system or itsreagentsand controlling thedilution of
test solutions. Theresult reported in TABLE 1, shows
%T reading in between 31.16 % to 72.06% when test
solutionsdiluted to 25.0ml fixed volume and same so-
|utionswhendiluted to 50ml of fixed volume, generates
%T readingsnearly in between 52.74 %10 80.01%. In
both the set of readings, many %T readingsare above
to 60% and the average proportionality constantsare
5.939 and 2.973 corresponding at 25ml and 50.0ml
dilution, but for both the set of readingtheaverageval-
ues of permittance coefficient are 1.485and 1.486 lit
gten? respectively, which are constant.

Consequently, for the determination of andyteat a
tracelevel, sensitivity of themethod can beincreased
simply by decreasing the concentration of absorbing
system or itsreagents. Thus, any suitablevolumeof the
absorbing system on reactionwith andyte, if generates

Hnalytical CHEMISTRY o

instrument output of %T with agreater resolution and
fulfilstherequirement of minimumreaiveerror for dear-
ance, thenthat volumeis better than the best volume of
absorbing system.

Application of themethod

The proposed method was applied for determi-
nation of bismuth in the pharmaceutical formulation
such as Trymo tablets. The sample (1 tablet) was
dowly heated infuming hood with 10ml of conc. HCI
followed by addition of 4ml of conc. HNO,. Theor-
ganic matter was destroyed by treatment with 8ml of
70% perchloricacid. (Boiling perchloric acid canre-
sultin serious explosions.) Sampl e dissolution was
carried out for about 18-20 minutestill maximum of
the acid was get evaporated. The solution was diluted
to45ml with distilled water containingsufficient HNO,
After adjusting the pH equal to the pH (=0.58) of
standard bismuth solution (containing 2.0mg mi-Bi**)
the solution wasfinaly diluted to 50.0ml. Thediffer-
ent fractionswere used for determination of bismuth
with the recommended procedure. The sample solu-
tion haslittle turbidity which getsdissol ved on addi-
tion of EDTA solution. The permittance values of
sampl e solution and the average value of permittance
coefficient (5.952) at 25.0ml dilution were used for
determination of bismuth using equation (1). There-
sultsof thisdetermination are shownin TABLES.
TABLE 5: Resultsobtained at 725nmin quantitation of bis-

muth in trymo tablet, with 4.0ml of volumes of absorbing
system’sreagents

Bismuth Bismuth Bismuth
taken n found found in
(mg) (mg)* tablet (mg)
2.15 3 2.16 108.0
4.30 3 4.29 107.30
6.45 3 6.46 107.7
8.60 3 8.60 106.5
10.75 3 10.75 107.5
12.90 3 12.85 107.1
15.05 3 15.03 107.4

Average value > 107.5
* Aver age value of three (n) determinations

I nterferencesin bismuth deter mination

Theinterferingionscan bedassfiedintotwo groups.
Thefirst group iscomposed of those cations whose
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EDTA chdatesin acidic medium aresufficiently stable
comparativeto bismuth chelate. EDTA chdatesof Fe**
and Co* aremorestablethan Bi** chel ate, consequently
Fe* and Co* arethe seriousinterfering cationsin Bi®*
determination. Thesecond type of interferingionin-
cludesthose cations which do not compete with bis-
muth but with copper for theEDTA. Thesearethe cat-
ionswhich formsmore stable chel atethan copper che-
late, particularly no any divalent cation at such strong
acidic pH 1 to 1.25, forms more stable chelate than
copper chelate. The cationswhose EDTA chelateis
less stablethan copper chelate, particul arly the umi-
num, barium, calcium, cerium, copper, lead, magne-
sum, manganese, molybdenum, nickd, silver andzinc
doesnot interferesin bismuth determination. Thistype
of interference can be predicted form the formation
constant’®” of the EDTA chedlates of thecations. Inthe
previousliteraturd?3" theinference study wasdready
completed.

CONCLUSIONS

The proposed method for determination of bismuth
isbased on the measurement of concentration of sur-
plus EDTA through generating the copper-EDTA che-
late asthe absorbing system. Theabsorbing sysemwas
found excellent for bismuth determination because of
itsformation and sability at highacidicpH 1t01.25, to
which quantitatively chelaion of Bi** wasdtained. Many
divalent metal cationsdo not complexed by EDTA at
thispH, which makesthe process sel ective. Because
of thelarger differencein thestability constant of EDTA
chelate of Bi®*" and Cu?, the stability of Bi**-chelateis
not affected because of the addition of relativelarger
amount of Cu?*ions; consequently, the linearity of
system’s permittance against the concentration was
mai ntai ned even at low concentration (2.0mg) of Bi®*.
Thelower concentration of bismuth (lessthan 1.0 mg)
isnot determined in thisexperiment, but it ispossible
through decreasingthevol ume/concentration of sysem’s
reagents, Snce permittance and permittance coefficient
arenot preside over the concentration of reagents.

The present proposed method isvery simple, easy
to carry out and do not involvethe step of solvent ex-
traction for preconcentration of andyte (bismuth). Itis
also sensitive [up to 2.0mg of Bi®* tested with 4.0ml
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volumesof 0.1M EDTA and 0.1M Cu(NO,),] and pro-
ducesthereproducible resultswith good accuracy. The
method a sofound excellent over the photometrictitra:
tion of bismuth with EDTA; because the graphical
method of determination of end point istediousand
time consuming. When the proportionaity constant at
specific dilution (or permittance coefficient) isdeter-
mined by usingaseriesof standard solutionsof known
concentration, the concentration ana yteisdetermined
directly using equation (1). The proposed method also
neglectsastep of standardization of reagents, sinceit
involvesthe measurement of permittance of TSwith
respect to permittance of RB. The maintenance of the
identical protonion concentrationin RB with respect to
test /sample sol utionsisthe only caremust betaken for
thegood linearity.
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