Statistics in Analytical Chemistry
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An Alternative Expression for Sample Standard Deviation

(6-4)

To find s with a calculator that does not have a standard deviation key, the following
rearrangement is casier to use than directly applying Equation 6-4:

s = 1 (6-5)

Example 6-1 illustrates the use of Equation 6-5 to calculate s.



EXAMPLE 6-1

The following results were obtained in the replicate determination of th
content of a blood sample: 0.752, 0.756, 0.752, 0.751, and 0.760 ppm Pb. Find
the mean and the standard deviation of this set of data.

- -
Solution

To apply Equation 6-5, we calculate > x7 and (X x,)*/N.

Sample x x}
1 0.752 0.565504
2 0.756 0.571536
3 0.752 0.565504
4 0.751 0.564001
5 0.760 0.577600
Xx; = 3.771 >x? = 2.844145
e 25 BT (ose oo ma e

N 5

(Z«f 7710 14220441
N 5 5
Substituting into Equation 6-5 leads to

2.844145 — 2.8440882 0.0000568
s = — =N & 0.00377 =~ 0.004 ppm Pb

= 2.8440882
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5-12. Find the mcan and median of cach of the following scts
E of data. Determine the deviation from the mean for
cach data point within the sets and find the mean devi-
ation for cach sct. Usc a spreadsheet if it is convenicent.
'@ 00110 0010§ 08105 —
—=>(b) 24.53 24.68 *24.77 24.81 24.73
*(c) 188 190 194 187
(d) 452X 1073 447x 1073
463 X107 448 x 107
453x 107 458x107?
*(e) 39.83 39.61 39.25 39.68
(F) 850 862 849 869 865

6-7. Consider the following sets of replicate measurements:
A B i D i i F

9.5 95.35 0.612 5.7 20.63 0.972
8.5 3532 0.592 4.2 20.65 0.943
21 55.20 0.694 5.6 20.64 0.986
2.3 0.700 4.8 20.51 0.937
2l 5.0 0.954

For each set, calculate the (a) mean; (b) median; (c) spread,
or range; (d) standard deviation; and (e) coefficient of
variation.
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5B-1 Sources of Systematic Errors

TthC are thl'CC (')’PCS Of systcmatic CITOIS:

B Instrumental errors are caused by nonideal instrument behavior, by faulty cali-
brations, or by use under inappropriate conditions.

B Method errors arise from nonideal chemical or physical behavior of analytical
systems.

B Personal errors result from the carelessness, inattention, or personal limitations
of the experimenter.
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EXAMPLE 5-2

Suppose that 0.50 mg of precipitate is lost as a result of being washed with

200 mL of wash liquid. If the precipitate weighs 500 mg, the relative error due
to solubility loss is —(0.50/500) X 100% = —0.1%. Loss of the same quantity
from 50 mg of precipitate results in a relative error of —1.0%.

N

-11. A loss of 0.4 mg of Zn occurs in the course of an analy-
sis for that element. Calculate the percent relative error
due to this loss if the mass of Zn in the sample is

*(a) 30 mg. (b) 150 mg.
*(c) 300 mg. (d) 500 mg.

5-10. The color change of a chemical indicator requires an
overtitration of 0.03 mL. Calculate the percent relative
__error if the total volume of titrant is

*(a) 50.00 mL. *(b) 10.0 mL.

*(c) 25.0mL.  (d) 30.0 mL.
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The equation for a normalized
Gaussian curve has the form

-— — 2 =
o x—wize
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Determine the 80% and 95% confidence intervglg for (a) the first entry
(1108 mg/L glucose) in Example 6-2 (page 107) and (b)|the mean value (1100.3
mg/L) for month 1 in the same example. Assume that'in each part,s = 19is a
et estmata ol g,
(b) For the seven mecasurements, Y - "7 o
- —
1.28 X 19 8
80% CI = 1100.3 = = 1100.3 = 9.2 mg/L
V7 R

1.96) X 1
95% CI = 1100.3 t 2 = 1100.3 * 14.1 mg/L
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EXAMPLE 7-3

A clinical chemist obtained the following data for the alcohol content of a
sample of blood: % C,H.OH: 0.084, 0.089, and 0.079. Calculate the 95% confi-
dence interval fmsmree results obtained are
the only indication of the precision of the method and that (b), from previous
experience on hundreds of samples, we know that the standard deviation of
the method s = 0.005% C,H.OH and is a good estimate of ¢.

Solution
(a) Sx = 0.084 + 0.089 + 0.079 = 0.252
>x2 = 0.007056 + 0.007921 + 0.006241 = 0.021218
. \/0.021218 — (0.252)/3
Sl 3
In this instance, ¥ = 0.252/4 = 0.084. Table 7-3 indicates thai t= 4.3& for two

degrees of freedom and the 95% confidence level. Thus, using Equation 7-5,
~— —

| 4.30 % 0.0050
%CIl =%+ 0.084 +
% ¥ V3

= 0.084 + 0.012% C,H;OH )

= 0.0050% C,H;OH

(b) Because s = 0.0050% is a good estimate of 7, we can use z and Equation 7-2

95% CI = ¥ :ﬂ--oﬁﬁ 196><00050

= 0.084 + 0.006% czﬂsoy

Note that a sure knowledge of 0 decreases the confidence interval by a significant
amount even though s and ¢ are identical.
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TABLE 7-1 TABLE 7-2

Confidence Levels for Various Size of Confidence Interval as a
Values of z Function of the Number of
Conbilince Tevall % - Measurements Averaged
50 0.67 Number of Relative Size of
68 1.00 Measurements Confidence
80 1.28 Aven.!pd Interval
90 1.64 1 1.00
95 1.96 2 0.71
95.4 2.00 3 0.58
929 2.58 4 0.50
99.7 3.00 5 0.45
99.9 3.29 6 0.41
o Y 0.32
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TABLE 7-5
Critical Values for the Rejection Quotient, Q*

Qi (Rejectif Q> Q)

Number of
Observations 90% Confidence 95% Confidence 99% Confidence
3 0.941 0.970 0.994
4 0.765 0.829 0.926
5 0-642 : 0.821
6 09-560 ] 0.740
7 0.507 .5G68 0.680
8 0.468 0.526 0.634
9 0.437 0.493 0.598
10 0412 0.466 0.568
EXEAMPLE 7-11

The analysis of a city drinking water for arsenic yielded values of 5.60. 5.64,
5.70, 5.69, and 5.81 ppm. The last value appears anomalous; should—+t be re-
jected at the 95% confidence level?

Solution

The difference between 5.81 and 5.70 is 0.11 ppm. The spread (5.81 — 5.60) is
0.21 ppm. Thus,

0.11
Q=—=0.52
. . 0.21

For five measurements, Q;, at the 95% confidence level is 0.71. Because
0.52 < 0.71, we must retain the outlier at the 95% confidence level. ~—"—
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