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If the path length is held
fixed, it becomes part of
the constant.
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CHAPTER 14 / SPECTROMETRY

concentrations) of x and y at wavelengths 1 and 2. So C, and C, become the only
two unknowns in Equations 14.16 and 14.17, and they can be calculated from the
solution of the two simultaneous equations.

EXAMPLE 14.5 Potassium dichromate and potassium permanganate have overlapping
absorption spectra in 1 M H,50,. K,Cr,0, has an absorption maximum at 440 nm, and
KMnO, has a band at 545 nm (the maximum is actually at 525 nm, but the longer
wavelength is generally used where interference from K,Cr,0, is less). A mixture is
analyzed by measuring the absorbance at these two wavelengths with the following re-
sults: Az40 = 0.405, As,s = 0.712in a 1-cm cell (approximate; exact length not known). The
absorbances of pure solutions of K,Cr,0, (1.00 x 102 M) and KMnO, (2.00 x 10~* M)
in 1 M H,50,, using the same cell gave the following results:

Acraso = 0.374, Ac 545 = 0.009, Aypaa0 = 0.019, Aynsas = 0.475. Calculate the
concentrations of dichromate and permanganate in the sample solution.

Solution

The path length b is not known precisely; but since the same cell is used in all measure-
ments, it is constant. We can calculate the product eb from the calibration measurements
and use this constant in calculations (call the constant k):
0.374 = kcraa0 X 1.00 X 1073, k¢, 440 = 374
0.009 = k545 X 1.00 X 1072, kepsas = 9
0.019 = kw440 X 2.00 X 107%; k440 = 95
0.475 = kyinsas X 2.00 X 1074 kyins45 = 2.38 X 10°
Auso = Kcr,440lCr2057] + kyin 44o[MnO; ]
Asgs = ker545[Cr03 7] + Kyin 54sIMNO; |
0.405 = 374[Cr,027] + 95[MnO;]
0.712 = 9[Cr,037] + 2.38 x 103[MnO;]

Solving simultaneously,
[COc j=101 &k 1§ "M IMhO;]=295x 10 M
Note that for Cr at 545 nm, where it overlaps the main Mn peak, the absorbance was

measured to only one figure, since it was so small. This is fine. The smaller the necessary
correction, the better. Ideally, it should be zero.

If the two spectral curves overlap only at one of the wavelengths, the solution
becomes simpler. For example, if the spectrum of x does not overlap with that of
y at wavelength 2, the concentration of y can be determined from a single mea-
surement at wavelength 2, just as if it were not in a mixture. The concentration of
x can then be calculated from the absorbance at wavelength 1 by subtracting the
contribution of y to the absorbance at that wavelength, that is, from Equation
14.16. The molar absorptivity of y must, of course, be determined at wavelength



14.6 QUANTITATIVE CALCULATIONS

1. If there is no overlap of either spectrum at the wavelength of measurement
(usually at maximum absorbance), then each substance can be determined in the
usual manner.

In making these difference measurements, we have assumed that Beer’s law
holds over the concentration ranges encountered. If one substance is much more
concentrated than the other, then its absorbance may be large at both wavelengths
compared to that of the other substance, with the result that the determination of
this other substance will not be very accurate.

Modern digital instruments that record the entire spectrum of a solution often
incorporate mathematical algorithms that will compute the concentrations of sev-
eral different analytes with overlapping spectra, by utilizing the absorbance values
at many different wavelengths (to overestimate the data and improve the confi-
dence) and perform the simultaneous equation calculations by computer. See
diode array spectrometers in Section 14.9.

Quantitative Measurements from Infrared Spectra

Infrared instruments usually record the percent transmittance as a function of
wavelength. The presence of scattered radiation, especially at higher concentra-
tions in infrared work, makes direct application of Beer’s law difficult. Also, due
to rather weak sources, it is necessary to use relatively wide slits (which give rise
to apparent deviations from Beer’s law—see below). Therefore, empirical meth-
ods are usually employed in quantitative infrared analysis, keeping experimental
conditions constant. The baseline or ratio method is often used, and this is illus-
trated in Figure 14.11. A peak is chosen that does not fall too close to others of the
test substance or of other substances. A straight line is drawn at the base of the
band, and P and P, are measured at the absorption peak. (The curve is upside
down from' the usual absorption spectrum, because transmittance is recorded
against wavelength.) Log P/P is plotted against concentration in the usual man-
ner. Unknowns are compared against standards run under the same instrumental

100 —

F—-——

% T

Wavelength

FIGURE 14.11 The baseline method for quantitative determination in
the infrared region of the spectrum.
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With multiple wavelength
measurements, we may
analyze for a half dozen or
more components! See
Section 14.9 and Figure
14.25.
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