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This paper proposed anew analytical method for quantitative spectro-
photometry. In this study, the anayte's absorbance quenching capability
towardsthe specific light absorbing system was utilized for quantitation
of the analyte by measuring the system's transmittance. The absorbing
system used was acidic 0.001 M KM nO, solution and the analytes quan-
titatively determined at 550 nm were nitrite, thiourea, hydroquinone,
thiocyanate and tin(I1). Contrary to Beer's law, it was found that for
parallel monochromatic radiation that passes through a solution of an
absorhing system of constant path length and concentration, the radiant
power of transmitted beam increases exponentially as the concentration
of absorbance quenching analyte increases arithmetically. The chemical
reaction of an anayte with the absorbing system quenchesthe absorbance,
resulting in theincreasein the system'stransparency whichistermedin
this paper as clearance, atermed designating the ratio of transmittance
of test solution (absorbing system plus analyte) to transmittance of reagent
blank solution (absorbing system only), measured at fixed wavelength
in acell of constant path length. The clearance of an absorbing system
increases exponentially with arithmetic increase in the concentration of
the analyte. The logarithm of clearance termed as permittance in this
paper, is plotted versus the concentration of analyte for construction of
the calibration curve. Though the suggested method employstechniques
contrary to Beer's law, yet the efficacy and validity of the method has
been demonstrated logically, mathematically and experimentally.
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INTRODUCTION

Thescientific literature of quantitative spectrophotometry illustrates Beer'slaw
as the direct application for analyte quantitation, producing a coloured system
through anal yte's reaction with asuitable reagent. The colouring ability of the analyte
is used for its quantitative determination, where the transmittance of the coloured
system decreases exponentially with arithmetic increase in the concentration of
analyte. The negative logarithm of transmittance, i.e. absorbance, is plotted versus
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concentration of analyte for obtaining the calibration or working curve in the first
quadrant of Cartesian coordinate system™®.

While Beer's law is based on the absorbance enhancing ability of the analyte,
this study suggests a different analytical approach where the anayte's ability of
quenching the absorbance of aspecific light absorbing reagent is considered valuable
for determining the analyte's concentration. The present study does not emphasize
the decolourization of certain coloured reagent by some analyte but focuses on the
decolourizing ability of the analyte for its quantitative determination. When the
absorbance of thelight absorbing system isquenched by the addition of any analyte,
the conventional understanding of the Beer's law does not agree with situations
where absorbance decreases with increase in the concentration of analyte. Therefore,
to address this contradict situation, certain adjustments need to be made at mathe-
matical and graphical level, so asto formulate the term permittance for obtaining a
calibration curve and extending experimentally the applications of quantitative spectro-
photometry.

The proposed method uses the same basi ¢ instrumentati on of photometric mea-
surement and instrument output for per cent transmittance (% T) asin Beer's law.
However, it restricts using relationship of absorbance (-log T) with concentration
of theanalyte, sinceit generates the rel ationship of analyte's concentration with the
logarithm of the transmittance ratio of the test solution (absorbing reagent plus
analyte) and reagent blank solution (absorbing reagent). Therfore, to resolve this
dilemma new terms, viz., clearance (Cr) and permittance (Pr) are more useful.

For the verification of the proposed methodology, the absorbance quenching
ability of nitrite (analyte) toward the acidic solution of potassium permanganate
(absorbing system) served as amodel system for the quantitative determination of
nitrite. In this quantitative determination a fixed volume aliquots of nitrite solution
with increasing concentration (2.0 to 20.0 ppm) were added to fixed and measured
volumes (25.0 mL) of acidic 0.001 M KMnO, reagent. Thetransmittance measurement
at 550 nm of these different solutions showed that the acidic solution of permanganate
system of constant path-length and concentration exhibited exponential increasein
transmittance with arithmetic increase in nitrite concentration (Fig. 1). Beer's law
does not address this contrasting relationship of transmittance with the concentration
of theanalyte, which istherefore open for further research asthis manuscript shows.
Following discussion not only addresses this issue but also suggests how to obtain
linear proportionality for determination of analyte concentration.

While obtaining the calibration curve for determination of the concentration of
analyte (nitrite), the logarithm of transmittance of absorbing system was plotted
versus concentration. This gave astraight line in the fourth quadrant of the Cartesian
coordinate system asin Beer'slaw. However, it showed intercept on the negativeY-axis.
To transfer it to the first quadrant, the logarithm of percent transmittance against
the concentration of analyte was plotted, this gave the straight line with intercept
on positiveY-axis (Fig. 1).
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Fig. 1. Development and verification of proposed anaytical methodology, the graph obtained
in the quantitative determination of nitrite using acidified 0.001 M KMnO, absorbing
system at 550 nm. The graph showing the relationship of clearance, log % T, transmit-
tance, Crt. log T (or Pr) and log T with the concentration of the analyte.

Before going ahead, some things need to be clarified. The solution of absorbing
system containing absorbance quenching analyteistermed asthetest solution (TS)
and that without analyte is termed as the reagent blank (RB). In this new method,
the per cent transmittance (% T) of both test solution and reagent blank were measured
against the solution of true blank (TB) as areference. In Beer's law, blank solution
without analyte functions as areference®*® to nullify background signal (absorbance).
In the proposed method, the clearest solution containing excess of the analyte serves
as the blank or reference, showing 100 % T at the wavelength of analysis and is
referred to as true blank in order to distinguish it from reagent blank mentioned
above.

When the corrected logarithms of transmittance (Crt. log T) of the test solutions
were plotted versus concentration of analyte, a straight line passing through the
origin of the first quadrant was obtained, showing that Crt. log T of the absorbing
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system isdirectly proportional to the concentration of the analyte (Fig. 1). The Crt.
log T of each test solution was obtained as shown below:

Crt. log T =[log %T+g] —[log % Trs] (1)
0,

Crt.logT = Iog& )
%Tre

The absorbance of the system was quenched because of the oxidation-reduction
reaction between analyte and absorbing system. Therefore, % T+s > % Trs and
hence the Crt. log T of each test solution is a positive number. For the purpose of
usage, anew term permittance (Pr) isintroduced for Crt. log T and used throughout
the studies.

Eqgn. 2 can further be ssimplified as below.

T
Pr=log—=
J T ©)
The permittance of the absorbing system can thus be defined as the logarithm
of the ratio of the transmittance of the test solution and to the transmittance of the
reagent blank solution measured at a fixed wavelength in a cuvette of constant
path-length. Theratio Trsto Tre is termed as clearance (Cr).
The transmittance® in Beer's law is given as below:

T= IDSa\mpIe
P

OoBlank

(4)

In the new method the transmittance of test solution (TS) and reagent blank
(RB) were measured using true blank (TB) as areference. Therefore egn. 3isfur-
ther written for permittance (Pr) as below.

Pr—log. s/ Fore. .
Pra /Fots ®)

That is,

Pr= Iogi (6)
RB

Now permittance can aso be defined as the logarithm of the ratio of radiant
power in abeam of radiation after it has passed through the test solution (Prs) to the
power in abeam that has passed through reagent blank (Prs). Theratio of Prsto Prs
istermed here as clearance (Cr) of the absorbing system which may also be defined
as the ratio of radiant power in a beam of radiation after it has passed through the
test solution to the power in a beam after it has passed through the reagent blank
solution measured at fixed wavelength in a cell of constant path length. All
the equations which involve the logarithmic functions are written with base-10

logarithm.
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The clearance of the absorbing system orignates at the value of 1.0 on theY-axis
and increases exponentially with arithmetic increasein the concentration of quencher
analyte (Fig. 1). Therefore the logarithm of clearance i.e. permittance, shows the
direct relationship with concentration of the analyte given as below:

Pr=abcgyg or Pr=¢bcmi @)

Eqgn. 7 is used for quantitative determination of the analyte that quenches the
absorbance of the absorbing system. This equation imitates and yet differs a lot
from the following egn. 8 that represents Beer's law.

A=abcy o A=gbcCmn (8)

In both egn. 7 and 8, the proportionality constants, absorptivity 'a or molar
absorptivity 'e' and path-length of the absorbing system 'b' are constant under the
condition of experiment. The value of 'a or 'e' of the absorbing system is governed
by the wavel ength selected for analysisand is greatest at that wavelength wherethe
system shows maximum absorbance (Ama). FOr quantitative estimation of analyte
the Amex Of @bsorbing system is preferred in the proposed methodology as well
since even a small amount of the analyte that quenches the absorbance may be
detected for quantitation of trace concentration of the analyte.

EXPERIMENTAL

The percentage transmittance was measured using Shimadzu Pharmaspec UV-
1700 double beam UV-Visible spectrophotometer with 1 cm quartz cuvettes.

Preparation of standard stock solutions: (i) 1.0 L of 0.01 M KMnQ, solution
was prepared by dissolving accurately weighed quantity of AR grade KMnO, in
distilled water. (ii) 2.0 L of 1.0 M H,SO, solution was prepared by diluting the
accurate volume of AR grade concentrated H,SO, in distilled water. Solutions (i)
and (ii) were used for preparation of absorbing system/reagent.

Preparation of standard stock solutionsof analytes: A 100 ppm stock solutions
for thiourea, hydroguinone, thiocyanate (from KSCN), nitrite (from NaNO,), tin(11)
(from SnCl,) were prepared by accurately weighing the required quantity of each
compound and dissolving it in distilled water and further diluting to 1.0 L with
distilled water. The solution of tin(l1) was prepared by adding 10 mL conc. H,SO,
in SnCl, salt just before it was required. Similarly 10 mL acetone was used for
dissolving hydroquinone. Both tin(I1) and hydroquinone solutions were diluted to
1.0L using distilled water. All the solutions were stored in airtight flasks and protected
from light.

Preparation of absorbing system/reagent: A 0.001 M potassium permanganate
absorbing system was prepared by mixing 100 mL of 0.01 M KMnO, solution with
400 mL of 1.0 M H,SO, and then diluted to 1.0 L using distilled water.

Analytical methodology: The proposed method wasfirst applied for quantitative
determination of nitrite using acidic permanganate absorbing system. The standard
or test solutions (TS) of nitrite within the concentration range 2.0 to 20.0 ppm were
prepared with 25.0 mL acidified 0.001 M KMnO, solution. During the preparation
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of standard solutions different aliquots of 100 ppm nitrite solutions were added
drop wiseinto 100 mL graduated flasks, each containing 25.0 mL of permanganate
absorbing system. The reaction mixtures were mixed thoroughly and kept for 15
min at room temperature and further diluted to 100 mL using distilled water. The
reagent blank (RB) solution was also prepared by diluting 25.0 mL acidic 0.001 M
permanganate absorbing system to 100 mL in a graduate flask. For preparation of
true blank (TB) solution the excess of nitrite solution (50 ppm in 100 mL dilution)
was added to 25.0 mL of absorbing system till its complete decolourization and
then diluted to 100 mL using distilled water. The % T of each test solution and also
reagent blank was measured only once at 550 nm against true blank as areference.
The % T of the reagent blank was used for obtaining clearance of each solution.
The graphs of clearance and pemittance versus concentration of analyte were prepared
for testing the validity and linearity of the proposed method.

Furthermore the suggested method was pursued for quantitative determination
of hydroquinone, thiourea, thiocyanate and tin(11) using 25.0 mL of 0.001 M acidic
permanganate absorbing system at 550 nm in a 50 mL dilution.

RESULTSAND DISCUSSION

Most of the times, in Beer's law, the analyte is quantitatively determined by
producing a colour system through its reaction with a suitable reagent. The absor-
bance enhancing ability of the analyte determines the magnitude of optical density
or absorbance which is directly proportional to the concentration of the analyte.
However, in the suggested method the analyte's absorbance quenching capability
towards a specific light absorbing system was utilized for analyte quantitation,
where the analyte's chemical reaction with the absorbing system decreases absorbance.
The extent of decrease in absorbance of the absorbing system is measured as
permittance for quantitative determination of quencher analyte.

The absorbing system isthe specific reagent that absorbsin the visible or ultra-
violet spectrum of electromagnetic radiation and whose absorbance is quenched by
addition of an analyte through chemical reaction. Essentialy the Ama Of the absorbing
system must be identical before and after the reaction with analyte. It should be
tested first that the absorbance of the system has not been quenched by the acids
and other reagentsif they are used during sample preparation aswell as by the other
sample matrix present along with the analyte. The concentration of the absorbing
system was chosen by considering the concentration of analyte in the sample solution.

An acidic solution of permanganate acts as a powerful oxidizing reagent® and
thereforeit isagood absorbing system at 550 nm (Ama) fOr quantitative determination
of reducing analytes such asnitrite, thiocyanate, thiourea, hydroguinoneand tin(ll).
The overal determination of these analytes depends on the course of redox reaction,
inwhich the purple col oured permanganate sol ution is reduced to col ourless manga-
nese solution. The extent of quenching of absorbance (or the fading of the colour of
permanganate system) is associated with the concentration of analyte. At room
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temperature, these redox reactions do not take place instantaneously. Therefore,
the reaction mixtures were |eft for 15 min at room temperature, then diluting with
distilled water the per cent transmittance was measured only once at 550 nm.

TABLE-1
RESULTS OBTAINED IN THE IMPLEMENTATION OF SUGGESTED ANALYTICAL
METHODOLOGY IN THE QUANTITATIVE DETERMINATION OF NITRITE,
AT 550 nm USING ACIDIC 25.0 mL OF 0.001 M KMnO,ABSORBING
SYSTEM IN 100 mL DILUTION

ppm conc. of

nitrile(Crt. logT) 2T T log%T  logT Cr Pr
00RB 2782 02782 14444 05557 1000 00000
20 3091 03091 14901 -05099 1111  0.0457
40 351 03451 15379  -04621 1240  0.0935
6.0 3821 03821 1582 04178 1374 01378
80 442 04242 16275 -03724 1524 01831
100 4712 04712 16732  -03268 1694 02288
120 5221 0521 17178 02823 1877 02734
14.0 5732 05732 17583 02417 2060 03139
16.0 6312 06312 18001 -01998 2268 03557
180 7061 07061 18489  -01512 2538 04045
20,0 7981 07981 19021 00979 2869 04577

The acidic permanganate solution oxidizes nitrite to nitrate through self
decolourization and nitrate does not decolourize the permanganate solution’. The
hydroquinoneis also oxidized to quinone by the acidic solution of permanganate®.
It was tested before hand that acetone does not decol ourize the permanganate solution;
hence acetone was used for dissolution of hydroquinone during the sample prepa-
ration. Likewise the acidified solution of permanganate oxidizes Sn(Il) to Sn(lV)
and thiocyanate to HCN at room temperature with decolourization of absorbing
system. Thioureais sulphur containing organic carcinogenic substance’ oxidizesto
ureaand H,S by the acidic permanganate sol ution. The evolution of H.Swas confirmed
by moist lead acetate paper and it was also tested that urea does not react with
acidified permanganate solution at these conditions of the experiment. These under-
lying concepts were utilized for quantitation of analytes.

Though each of these redox reactions are not instantaneous and can not be
quantitatively completed within the period of 15 min, yet each of the analyte was
determined quantitatively since spectrophotometric methods are aresult of compar-
ative study. The acidified KMnO, absorbing system with the volume 25.0 mL and
the concentration 0.001 M does not deviate from itslinearity when analyte concen-
tration was measured within the range of 2.0 to 20.0 ppm.

The quantitative determination of analyteis based on the reduction of perman-
ganate solution; therefore in each determination, interference is produced if the
sample matrix contains the reducing substances.
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Fig. 2. Proposed methodol ogy was pursued for quantitative determination of hydroquinone,
thiourea, thiocyanate and tin(I1) using 0.001 M permanganate absorbing system at
550 nm. The clearance was determined experimentally and plotted against the
concentration of the analyte
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Fig. 3. Cdlibration curves of permittance versus concentration show that the permittance
of the absorbing system increases linearly with the concentration of analyte

Conclusion

The main goal of the proposed anaytical methodology is to extend and or
enhance the methods for quantitative spectrophotometry. This method measures
the absorbance quenching capability of the analyte towards a specific light absorbing
system for analyte quantitation. The extent of decrease in absorbance (because of
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the chemical reaction of analyte with absorbing system) of the absorbing systemis
determined as permittance for quantitative determination of quencher analyte. Thus,
the suggested analytical method attemptsto broaden the scope of quantitative spectro-
photometry. It works well for those analytes which cannot be quantitatively deter-
mined by forming a chromophoric system using Beer's law.

In Beer's law, the analyte's absorbance enhancing ability with the specific reagent
determinesthe magnitude of optical density or absorbance whichisdirectly propor-
tional to the concentration of the analyte (egn. 8). However, in the proposed method
the analyte's absorbance quenching capability towards the specific light absorbing
reagent determines the magnitude of permittance. Permittance is the inability of
test solution to absorb the light with respect to reagent blank solution which is
directly proportional to the concentration of the quencher analyte (egn. 7).

The absorbance in Beer's law and permittance in the suggested method are
contrasting parameters used for analyte quantitation. Theformer measuresthe concen-
tration of absorbance enhancing analyte while the latter quencher analyte. This
novel analytical approach of photometric analysis uses the already formed absorbing
system and deal s with quantitation of analyte by the measurement of clearance and
permittance through the measurement of the system's transmittance, rather than its
absorbance. For the absorbing system, the clearance is closely related with the
transmittance (in Beer's law) and graphically shows the contrasting relationship
with the concentration of anayte. Furthermore permittance is alogarithm of clearance
and absorbance is the negative logarithm of transmittance.

In Beer's law the 'e' value for the blank solution or reference is zero since it
does not absorb at the wavelength sel ected for measurement and it is maximum for
the solution with the greatest concentration of the absorbance enhancing analyte.
While in the proposed method the '€ value is maximum for the absorbing system
i.e. the reagent blank (RB) solution though its permittance is zero. The ‘€' value
decreases with increase in the concentration of the quencher anaytein the absorbing
system and it becomes zero for true blank (TB) solution containing highest concen-
tration of quencher analyte.

Because of al these contrasts with Beer's law the suggested method may be
called asAnti-Beer's Law, though both the laws eval uate the equivalent instrumen-
tation outcome and are associated with similar types of merits and demerits.
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