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37.3 Calculations in Photometric Determinations

450

Some illustrative examples of calculations involving Lambert-
Beer’s law have already been given in Section 34.4. Some
additional examples will further promote an understanding of
the principles involved in applied photometric determinations.

Example 37-1. A substance S is determined in the following way.
A 0.7520-g amount of the sample material containing § is dissolved,
a chromogenic agent is added, and the solution is diluted to a volume
of exactly 250 ml. As a reference, a standard known to contain
0.345% of S is used; a 0.3500-g amount of the standard is dissolved,
the chromogenic agent is added, and the solution diluted to a volume

g.of exactly 50 ml. A 1-cm cell is used for all photometric measure-

ments. The instrument is adjusted to 100% transmittance with the
pure solvent in the cellxthen the transmittance is read for the sample
solution and for the standard solution; the values found are 52.5
and 45.0%, respectively. Calculate the per cent of S in the sample
material.

For the reference solution, the following equation applies:

0.3500 g x 0.345%
50.0 ml

—10g0.450 = ab x
And for the sample solution where x is the per cent of S in the
sample material:

0.7520g x x
—log0.535 = ab x ———"——
o8 20X 50 ml
By division,
—log0.450 _ 0.3500 x 0.345 250
—log 0.525 50.0 0.7520 x x
sl 0.653 — 1 _ 0.802s
-0 0.720 — 1 X
Solving, 4.386
= 0.802 === = 0.648
¥ 5% 0347

Hence, the per cent of S in the sample material is 0.648%,.

Example 37-2. A 0.500-g sample of a substance, after appropriate
treatment, yielded a solution of exactly 100 ml. The solution showed
a transmittance of 5.0% in a l-cm cell. What volumme of this solu-
tion in milliliters must be further diluted to exactly 250 ml to obtain
a solution having a transmittance of 40%, which is close to the opti-
mum value (see Section 36.3), when measured in the 1-cm cell?

Let C and C' represent the original and final concentration, respec-
tively. Then
—1log 0.050

—log 0.40

abC
abC'

The relation between the two concentrations is obviously
C' x 250 =C x x

where ‘x is the milliliters of the initial solution to be diluted to
exactly 250 ml. Hence,
: C = C x x

250

Insertion of this expression for C' in the expression of Lambert-Beer’s
law, division of one expression by the other, and substitution of the
values for the logarithms yields

070 — 2 _a x 1 x 250
0.60 — 1 ax 1l xx
250 x 0.40
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Example 37-3. What transmittance will be read in a 5.00-cm cell for
2 0.00200% solution of a substance of formula weight 250 and possess-
ing at the wavelength used a molar absorptivity of 5.00 x 10° liters/
mole-cm?

—be = —5.00 x 10% x 5.00 x 2:00200 x 1000 _ _, g,

log T
100 x 250

Hence

T = 0.010
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Example 37-4. The concentration of a substance S in a solution is
determined photometrically by the technique of a standard addition.
The transmittance of the solution is found to be 45.1%. Then to
the solution a' known amount of S is added corresponding to an
increase of 0.0040 g of S per liter of the solution. The trans-
mittance is now found to be 29.5% under identical conditions. What
is the concentration of S in the initial solution assuming Lambert-
Beer’s law is obeyed?

Let x be the concentration of S in grams per liter in the initial
solution. Then

—log0.451 = ab x x

The concentration of S after the “‘standard addition™ is x + 0.0040.
Hence,

—10g0.295 = ab x (x + 0.0040)

Division and substitution of the value of the logarithms yields

0.654 — 1 _ P
0.470 — 1~ x + 0.0040
0.346 x

0.530 x + 0.0040
On rearrangement,

0.184x = 0.0040 x 0.346





