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ter2  Errors in Chemical Analyses

Figures 2-1 and 2-3 suggest that chemical analyses
types of errors. One type, called random (or indeterm
be scattered more or less symmetrically around a
Figure 2-3, and notice that the scatter in the data, al
analysts 1 and 3 is significantly less than that for an
the random error-in a measurement is reflected |

A second type of error, called systematic (or deter
mean of a set of data to differ W
analysts 1 and 2 in Figure 2-3 have little systematic error,
3 and 4 show determinate errors of about — 0.7 and — 1.2%
systematic error causes the results in a series of replicate me
high orall low. ‘ e

A third type of error is gross_error. Gross errors. differ from
and determinate errors. They usually occur only occasionally, ar¢
may cause a result to be either high or low. Gross errors lead to outiie
that appear to differ markedly from all other data in a set of repl
ments. There is no evidence of a gross error in Figures 2-1 and 2-3. d
the results shown in Figure 2-1 occurred at 22.5 ppm Fe, it might have be
outlier.

2B SYSTEMATIC ERRORS

Systematic errors have # definite value, an assigriuble cause, and are of
‘ magnitude for replicaie measurements made in the same way. System
stematic error lead to bias in measurement technique. Note that bias affects all of the d:
analysis. It has in the same way and that i bears a sign.
n if it causes the
a positive

2B-1 Sources of Systematic Errars

There are three types of systematic ervors: (1) Insirument exrors aie

imperfections in measuring devices and instabilities in their

(2) Method errors arise from nonideal chemical or physical behayior

; systems. (3) Personal errors result from the carelessness, inattentiol

§ I limitations of the experimenter. e

.; Instrument Errors

Iy All measuring devices are sources of systematic e
burets, and volumetric flasks may hold or deli
those indicated by their graduations. The
glassware at a temperature that differs sig
ture, from distortions in container wi
in the original calibration, or fror
containers. Calibration elimir
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cause vm-‘iatims in resistors and standard potential sources. Currents induced
from 110-V power lines affect electronic instruments. Errors from these and other
sources are detectable and correctable.

Method Errors

The nonideal chemical or physical behavior of the reagents and reactions upon
which an analysis is based often introduces systematic method errors. Such
sources of nonideality include the slowness of some reactions, the incompleteness
of others, the instability of some species, the nonspecificity of most reagents, and
the possible occurrence of side reactions that interfere with the measurement
process. For example, a common method error in volumetric methods results
from the small excess of reagent required to cause an indicator to undergo the
color change that signals completion of the reaction. The accuracy of such an
analysis is thus limited by the very phenomenon that makes the titration possible.

Another example of method error is illustrated by the data in Figure 2-3, in
which the results by analysts 3 and 4 show a negative bias that can be traced to the
chemical nature of the sample, nicotinic acid. The analytical method used in-
volves the decomposition of the organic samples in hot concentrated sulfuric acid,
which converts the nitrogen in the samples to ammonium sulfate. The amount of
ammonia in the ammonium sulfate is then determined in the measurement step.
Experiments have shown that compoonds containing @ pyridine ring such as
nicotinic acid (see page 15) are incompletely decompused by the sulfuric acid
unless special precautions are taken. Withow these percautions, low results are
obtained. It is highly likely that the asgative errors, ¢ i, ).and (X — x,)/in
Figure 2-3 are systematic err complete decomposition
of the samples.

Egossanherent in a method 21e oftes difnievlt fo detect and are thus the most
serious of the three types of systemaic 2iror.

s ttratcan be blamad »n g

Personal Errors

Many measurements require personal judgments. Examples include estimating
the position of a pointer between two scale divisions, the color of a solution at the
end point in a titration, or the level of a liquid with respect to a graduation in a
pipet or buret (see Figure 3-5, page 41). Judgments of this type are often subject to
3 ‘SMG umdirectwna] erTors, For example, one person may read a pamtcr
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‘ ﬁ %@m 2 Errors in Chemical Analyses

2B-2 The Effect of Systematic Errors upon Anal

Systematic errors may be either constant or pr0p0mml-
constant error does not depend on the size of the quannty me
errors increase or decrease in proportion to the size of the sampl
analysis,

Constant Errors

Constant errors become more serious as the size of the qﬁaﬂﬁty
creases, The effect of solubility losses on the results of a gravime
illustrates this behavior.

EXAMPLE 2-2
Suppose that 0.50 mg of precipitate is lost as a result of being w

The excess of reagent required to bring about a color change d
another example of constant error. This volume, usually small, rem

relatwe error from this source becomes more serious as ﬁ.e total
creases. One way of minimizing the effect of corstant oriaris to
sample as possible.

Proportional Errors

A common cause of proportional errors is the presence of int
nants in the sample. For example, a widely used method for the
copper is based upon the reaction of copper(Il) ion with po
iodine. The quantity of iodine is then measured and is pro

iodide. Unless steps are taken to prevent this i
served for the percentage of copper because th
of the copper(Il) and iron(IIl) in the sample. ;
fraction of i iron contdmmahon, WhICh )




2B-4 Detection of Systematic Method Errors

Bias in an analytical method is particularly difficult to detect. We may take one or

more of the following steps to recognize and adjust for a systematic error in an
analytical method.

Analysis of Standard Samples

The best way of estimating the bias of an analytical method is by the analysis of
standard reference materials—materials that contain one or more analytes with
exactly known concentration levels. Standard reference materials are obtained in
several ways.

Standard materials can sometimes be prepared by synthesis. Here, carefully
measured quantities of the pure components of a material are measured out and
mixed so0 as to produce a homogeneous sample whose composition is known from
the quantities taken. The overall composition of a synthetic standard material
must approximate closely the composition of the samples to be analyzed. Great
care must be taken to ensure that the concentration of analyte is known exactly,
Unfortunately, the synthesis of such standard samples is often impossible or so
difficult and time-consuming that this approach is not practical.

Standard reference materials can be purchased from a number of governmental
and industnial sources. For examiple, (he National Institute of Standards and
Technology (NIST) (formerly the Naticna! Boromi of Standards) offers over 900
standard reference materials including rocks and minerals, gas mixtures, glasses,
hydrocarbon mixtures, polymers, urhan dusts, sanwaters, and river sediments.?
The concentration of one or more ol the components in these materials has been
determined in one of three ways: (1) through analysis by a previously validated

reference method, (2) through analysis by two or more independent, reliable
measurement methods, or (3) through analysis by a network of cooperating labo-
ratories, technically competent and thoroughly knowledgeable with the material
being tested. : ‘
Several commercial supply houses also offer analyzed materials for method
testing.’ "
One of the problems you will encounter in using standard reference materials to

establish the presence or absence of bias is that the mean of your mphcateanal¥815 1ol

of the standard will ordinarily differ somewhat from the theoretical result. Th
you are faced with the question whether this difference is due to random error ¢
~ your measurements or 10 bias in the method. In Section 4B-1, we emons

i s that result from a known physical handicap can usually be avoided




