
 



 

































































 



Chapter 5:  

Errors in Chemical Analyses 

Source: 

slideplayer.com/Fundamentals of Analytical Chemistry, F.J. Holler, S.R.Crouch 



 Measurements invariably involve errors and uncertainties. 

 it is impossible to perform a chemical analysis that is totally free of errors or 
uncertainties 

 We can only hope to minimize errors and estimate their size with acceptable 
accuracy   

 Errors are caused by faulty calibrations or standardizations or by random 
variations and uncertainties in results.   

 Frequent calibrations, standardizations, and analyses of known samples can 
sometimes be used to lessen all but the random errors and uncertainties.  

 

The term error has two slightly different meanings.  

1) error refers to the difference between a measured value and the “true” 
or “known” value.  

2) error often denotes the  estimated uncertainty in a measurement or 
experiment. 

 

“ We can only hope to minimize errors and estimate their size with acceptable 
accuracy” 



Every measurement is influenced by many uncertainties, which combine to 

produce a scatter of results. 

 

 

 

 

 

 

 

 

Because measurement uncertainties can never be completely eliminated, 

measurement data can only give us an estimate of the “true” value. 

However, the probable magnitude of the error in a measurement can often be 

evaluated. It is then possible to define limits within which the true value of a 

measured quantity lies with a given level of probability. 

 Before beginning an analysis ask, “What maximum error can be tolerated in the 

result?”  

The answer to this question often determines the method chosen and the time 

required to complete the analysis.  

Figure 5-1 Results from six  

replicate determinations of iron in  

aqueous samples of a standard 

solution containing 20.0 ppm 

iron(III). Note that the results range 

from a low of 19.4 ppm to a high of 

20.3 ppm of iron. The average, or 

mean value, x , of the data is 19.78 

ppm, which rounds to 19.8 ppm  



 5A Some important terms 
To improve the reliability and to obtain information about the variability of 
results, two to five portions (replicates) of a sample are usually carried 
through an entire analytical procedure.  

Replicates are samples of about the same size that are carried through an 
analysis in exactly the same way. 

 

 

 

 Individual results from a set of measurements are seldom the same 

 Usually, the “best” estimate is considered to be the central value for the set. 

 The central value of a set should be more reliable than any of the individual  
results.  

 Usually, the mean or the median is used as the central value for a set of  

replicate measurements.  

An analysis of the variation in the data allows us to estimate the uncertainty 
associated with the central value.  



The Mean and the Median 
 

The mean, also called the arithmetic mean or the average, is obtained  
by dividing the sum of replicate measurements by the number of  
measurements in the set: 
 

 The symbol xi means to add all of the values xi for the replicates; xi represents the 
individual values of x making up the set of N replicate  measurements.  

 

 The median is the middle value in a set of data that has been arranged in numerical 
order.  

 
 The median is used advantageously when a set of data contain an outlier. An outlier is a 
result that differs significantly from others in the set.  

 
 An outlier can have a significant effect on the mean of the set but has no effect on the 
median.  
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Precision 
* Precision describes the agreement among several results obtained in the same 
way.  Describes the reproducibility of measurements.  

* Precision is readily determined by simply repeating the measurement on 
replicate samples. 

* Precision of a set of replicate data may be expressed as standard deviation, 
variance, and coefficient of variation.   

* di, deviation from mean, is how much xi, the individual result, deviates from the 
mean. xxd ii 

Accuracy 

•Accuracy indicates the closeness of the measurement to the true or accepted 

value and is expressed by the error.  

• Accuracy measures agreement between a result and the accepted value.  

• Accuracy is often more difficult to determine because the true value is usually 

unknown. An accepted value must be used instead.  

• Accuracy is expressed in terms of either absolute or relative error. 



Figure 5-2 Note that we can have very precise results (upper right) with a 
mean that is not accurate and an accurate mean (lower left) with data 
points that are imprecise.  

 



Absolute Error 

* The absolute error of a measurement is the difference between the measured 

value and the true value. If the measurement result is low, the sign is negative; if 

the measurement result is high, the sign is positive.   

     
ti xxE 

Relative Error 

The relative error of a measurement is the absolute error divided by the true 

value.  

Relative error may be expressed in percent, parts per thousand, or parts per 

million, depending on the magnitude of the result.  
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Types of Errors in Experimental Data 

• Results can be precise without being accurate and accurate without being precise.  

• Each dot represents the error associated with a single determination.  

• Each vertical line labeled (xi - xt) is the absolute average deviation of the set from 

the true value.  

Figure 5-3 Absolute error in the micro-Kjeldahl determination of  nitrogen.  



1. Systematic (or determinate) error, causes the mean of a data set to differ 
from the accepted value. 

2.  Random (or indeterminate) error, causes data to be scattered more or 
less symmetrically around a mean value. 

 

 

A third type of error is gross error.  

 These differ from indeterminate and determinate errors.  

 They usually occur only occasionally, are often large, and may cause a 
result to be either high or low.  

 They are often the product of human errors.  

 Gross errors lead to outliers, results that appear to differ markedly from 
all other data in a set of replicate measurements. 

Chemical analyses are affected by at least two types of errors:  



5B Systematic errors 
 Systematic errors 

 have a definite value,  

an assignable cause, and  

are of the same magnitude for replicate measurements made in the same 
way. 

 They lead to bias in measurement results.  

 

There are three types of systematic errors:  

• Instrumental errors. 

• Method errors 

• Personal errors 



Instrumental Errors 

 are caused by nonideal instrument behavior, by faulty calibrations, or by 

use under inappropriate conditions 

 Pipets, burets, and volumetric flasks may hold or deliver volumes slightly 

different from those indicated by their graduations.  

 Calibration eliminates most systematic errors of this type. 

 Electronic instruments can be influenced by noise, temperature, pH and 

are also subject to systematic errors. 

  Errors of these types usually are detectable and correctable. 

 



Method Errors 

 The nonideal chemical or physical behavior of the reagents and reactions 

on which an analysis is based often introduce systematic method errors.    

 

 Such sources of nonideality include the slowness of some reactions, the 

incompleteness of others, the  instability of some species, the lack of 

specificity of most reagents, and the possible occurrence of side reactions that 

interfere with the measurement process.  

 

 Errors inherent in a method are often difficult to detect and hence, these 

errors are usually the most difficult to identify and correct.  

 



Personal Errors 

 result from the carelessness, inattention, or personal limitations of the experimenter. 

 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.  

Judgments of this type are often subject to systematic, unidirectional errors. 

A universal source of personal error is prejudice, or bias.  

Number bias is another source of personal error that varies considerably from 

person to person.  

The most frequent number bias encountered in estimating the position of a needle 

on a scale involves a preference for the digits 0 and 5.  

 Also common is a prejudice favoring small digits over large and even numbers over 

odd.  

 Digital and computer displays on ph meters, laboratory balances, and other 

electronic instruments eliminate number bias because no judgment is involved in 

taking a reading.  

 

 



 Systematic errors may be either constant or proportional.  

Constant Errors 

 The magnitude of a constant error stays essentially the same as the size of the 
quantity measured is varied.  

 With constant errors, the absolute error is constant with sample size, but the 
relative error varies when the sample size is changed 

5B-2  The Effect of Systematic Errors on  Analytical Results 

 One way of reducing the effect of constant error is to increase the sample size 

until the error is acceptable. 

The excess of reagent needed to bring about a color change during a titration 

is another example of constant error.  

 This volume, usually small, remains the same regardless of the total volume of 

reagent required for the titration. Again, the relative error from this source becomes 

more serious as the total volume decreases.  

 One way of reducing the effect of constant error is to increase the sample size 

until the error is acceptable. 



slideplayer.com/Fundamentals of 

Analytical Chemistry, F.J. Holler, 

S.R.Crouch 

 Proportional Errors 

  Proportional errors decrease or increase in proportion to the size of  the sample.  

  A common cause of proportional errors is the presence of interfering contaminants in 
the sample. 

  For example, a widely used method for the determination of copper is based on the 
reaction of copper(II) ion with potassium iodide to give iodine. The quantity of iodine is 
then measured and is proportional to the amount of copper. Iron(III), if present, also 
liberates iodine from potassium iodide. Unless steps are taken to prevent this 
interference, high results are observed for the percentage of copper because the iodine 
produced will be a measure of the copper(II) and iron(III) in the sample.  

  The size of this error is fixed by the fraction of iron contamination, which is 
independent of the size of sample taken. If the sample size is doubled, for example, the 
amount of iodine liberated by both the copper and the iron contaminant is also 
doubled. Thus, the magnitude of the reported percentage of copper is independent of 
sample size. 



1. Periodic calibration of equipment is always desirable because the response of 

most instruments changes with time as a result of component aging, 

corrosion, or mistreatment.  

2. Most personal errors can be minimized by careful, disciplined laboratory work.  

3. It is a good habit to check instrument readings, notebook entries, and 

calculations systematically.  

4. Errors due to limitations of the experimenter can usually be avoided by 

carefully choosing the analytical method or using an automated procedure. 

Bias in an analytical method is particularly difficult to detect. 
 The best way to estimate the bias of an analytical method is by analyzing Standard 
reference materials (SRMs). 
  

5B-3 Detection and Elimination of Systematic (Instrumental 

and  Personal) Errors 

5B-4 Detection of Systematic (Method) Errors 



Analysis of Standard Samples 
 

The overall composition of a synthetic standard material must closely 
approximate the composition of the samples to be analyzed.  

 

Great care must be taken to ensure that the concentration of analyte is 
known exactly.  

 

A synthetic standard may not reveal unexpected interferences so that the 
accuracy of determinations may not be known.  



Independent Analysis 
 

- If standard samples are not available, a second independent and reliable 
analytical method can be used in parallel.  

 

- The independent method should differ as much as possible from the one 
under study.  

 

- This practice minimizes the possibility that some common factor in the 
sample has the same effect on both methods.  

 

- Again, a statistical test must be used to determine whether any difference is 
a result of random errors in the two methods or due to bias in the method 
under study. 

 



Blank Determinations 
A blank contains the reagents and solvents used in a determination, but no analyte.  

Often, many of the sample constituents are added to simulate the analyte environment, 
which is called the sample matrix.  

In a blank determination, all steps of the analysis are performed on the blank material. 
The results are then applied as a correction to the sample measurements.  

Blank determinations reveal errors due to interfering contaminants from the reagents 
and vessels employed in the analysis.  

Blanks are also used to correct titration data for the volume of reagent needed to cause 
an indicator to change color. 

 

Variation in Sample Size 
As the size of a measurement increases, the effect of a constant error decreases. 
Thus, constant errors can often be detected by varying the sample size. 



• 5.1, 5.3, 5.11, 5.12(a-d-f), 5.13(a-b-c) 

 

 

Suggested Problems 



Chapter 6:  

Random Errors in Chemical Analysis 

Source 

slideplayer.com/Fundamentals of Analytical Chemistry, F.J. Holler, S.R.Crouch 



 Random errors are present in every measurement no matter how careful the 
experimenter.  

 Random, or indeterminate, errors can never be totally 
eliminated and are often the major source of uncertainty in a 
determination.  

 Random errors are caused by the many uncontrollable variables 
that accompany every measurement.  

 The accumulated effect of the individual uncertainties causes 
replicate results to fluctuate randomly around the mean of the set.  

 In this chapter, we consider the  
sources of random errors, 

 the determination of their magnitude, and  

their effects on computed results of chemical analyses.  

 We also introduce the significant figure convention and illustrate its use in 
reporting analytical results. 

 



Figure 6-1 A three-dimensional plot showing absolute error in Kjeldahl  
nitrogen determinations for four different analysts.  

 

6A The nature of random errors 

- random error in the results of 

analysts 2 and 4 is much 

larger than that seen in the 

results of analysts 1 and 3.  

- The results of analyst 3 

show outstanding precision 

but poor accuracy. The results 

of analyst 1 show excellent 

precision and good accuracy. 



Random Error Sources 
- Small undetectable uncertainties produce a detectable random error in the following 
way.  

- Imagine a situation in which just four small random errors combine to give an overall 
error. We will assume that each error has an equal probability of occurring and that each 
can cause the final result to be high or low by a fixed amount  ±U. 

- Table 6.1 gives all the possible ways in which four errors can combine to give the 
indicated deviations from the mean value. 

 

 * Note that only 1 combination 
leads to a deviation of +4 U,  4  
combinations give a deviation 
of + 2 U, and 6 give a deviation 
of 0 U.  
 
* This ratio of 1:4:6:4:1 is a 
measure of the probability for 
a deviation of each magnitude 



 

 

 

 

 

 

 

 

Figure 6-2 Frequency distribution for measurements containing  

(a) Four random uncertainties, (b) ten random uncertainties,  

 

The most frequent occurrence is zero deviation from the mean.  

At the other extreme, a maximum deviation of 10 U occurs only about once in 
500 results. 

 

 

 

If we make a sufficiently large number of measurements, we can expect a frequency  

distribution like that shown in Figure below. 



When the same procedure is applied to a very large number of random 
uncertainties, a bell-shaped curve results. Such a plot is called a Gaussian 
curve or a normal error curve. 

 

 

 

 

 

 

 

 

 

Figure 6-2-c Frequency distribution for measurements containing a very 

large number of random uncertainties,  



Distribution of Experimental Results 
The distribution of replicate data from most quantitative analytical 
experiments approaches that of the Gaussian curve. 

 

Exp: Calibration of a 10-mL pipet. 

In this experiment a small flask and stopper were weighed.  

Ten milliliters of water were transferred to the flask with the pipet, and the 
flask was stoppered. The flask, the stopper, and the water were then weighed 
again.  

The temperature of the water was also measured to determine its density.  

The mass of the water was then calculated by taking the difference between 
the two masses.  

The mass of water divided by its density is the volume delivered by the pipet. 
The experiment was repeated 50 times. 





Consider the data in the table for the calibration of a 10-mL pipet.  

The results vary from  a low of 9.969 mL to a high of 9.994 mL.  

This 0.025-mL spread of data results directly from an accumulation of all random 
uncertainties in the experiment.  

The spread in a set of replicate measurements can be defined as the difference 
between the highest and lowest result. 

The frequency distribution data is shown in the table.  



The frequency distribution data are plotted as a bar graph, or histogram.  

As the number of measurements increases, the histogram approaches 
the shape of the continuous Gaussian curve. 

 

 

 

 

 

 

 

 

 

 

 
Figure 6-3 A histogram (A) showing distribution of the 50 results in Table 6-3 

and a Gaussian curve (B) for data having the same mean and standard  deviation 

as the data in the histogram. 



6B Statistical treatment of random errors 

 

- Statistical analysis only reveals information that is already present in a data set.  

-Statistical  methods, do allow us to categorize and characterize data and to 

make objective and intelligent decisions about data quality  and interpretation. 

-Samples and Populations 

A population is the collection of all measurements of interest to the  

experimenter, while a sample is a subset of measurements selected  from the 

population. 

Statistical sample is different from the analytical sample.  



Properties of Gaussian Curves 

Gaussian curves can be described by an equation that contains two parameters, the 
population mean µ and the population standard deviation .  

The term parameter refers to quantities such as µ and  that define a population or 
distribution. Data values such as x are variables.  

The term statistic refers to an estimate of a parameter that is made from a sample of data.  

    

Figure 6-4 Normal error curves.  



The equation for a normalized Gaussian curve is as follows: 

 

 

 

The Population Mean µ and the Sample Mean Ẍ    
 

 

 The sample mean x is the arithmetic average of a limited 
sample drawn from a population of data. The sample mean 
is defined as the sum of the measurement values divided by 
the number of measurements. 

N is the is the no. of measurements in the sample set 

 

 The population mean  is expressed as:  

where N is the total number of measurements in the 
population. 
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The Population Standard Deviation  
It is a measure of the precision of the population and is expressed as: 

 

 

 

Where N is the no. of data points making up the population. 

 

The two curves are for two  

populations of data that differ  

only in their standard deviations. 
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Another type of normal error curve in which the x axis is a new variable z, 
the quantity z represents the deviation of a result from the population 
mean relative to the standard deviation.  

It is commonly given as a variable in statistical tables since it is a 
dimensionless quantity.  

 

z is defined as 

 

 

 

A plot of relative frequency versus z 

 yields a single Gaussian curve that  

describes all populations of data  

regardless of standard deviation. 
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The equation for the Gaussian error curve is: 

 

 

 

 

 

This curve has several general properties:  

(a) The mean occurs at the central point of maximum frequency,  

(b) there is a symmetrical distribution of positive and negative 
deviations about the maximum, and  

(c) there is an exponential decrease in frequency as the magnitude of 
the deviations increases. 
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Areas under a Gaussian Curve  

Regardless of its width, 68.3% of the area beneath a Gaussian curve for a 
population lies within one standard deviation (1s) of the mean m. 

 Approximately 95.4% of all data points are within 2 of the mean and  

99.7% within 3. 



The sample standard deviation s is expressed as: 

 

 

 

 

 

- This equation applies to small sets of data.  

-The number of degrees of freedom indicates the number of independent results 

that enter into the computation of the standard deviation.  

- When number of degrees of freedom, (N - 1) is used instead of N, s is said to be 

an unbiased estimator of the population standard deviation s.  

- The sample variance s2 is an estimate of the population variance 2
. 
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The Sample Standard Deviation:  A Measure of Precision 



An Alternative Expression for Sample Standard Deviation 

 

 

 

 

 

 

 

- Any time you subtract two large, approximately equal numbers, the 
difference will usually have a relatively large uncertainty.  

- Hence, you should never round a standard deviation calculation until 
the end. 

- Because of the uncertainty in x, a sample standard deviation may differ 
significantly from the population standard deviation.  

 

- As N becomes larger, x and s become better estimators of µ, and . 
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Standard Error of the Mean 

 

- If a series of replicate results, each containing N measurements, are taken 
randomly from a population of results, the mean of each set will show less and 
less scatter as N increases.  

 

- The standard deviation of each mean is known as the standard error of the 
mean, sm, is expressed as:  

 

 

 

 

- When N is greater than about 20, s is usually a good estimator of  , and 
these quantities can be assumed to be identical for most purposes. 
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Pooling Data to Improve the Reliability of s 

- If we have several subsets of data, a better estimate of the population 

standard deviation can be obtained by pooling (combining) the data, assuming 

that the samples have similar compositions and have been analyzed the same 

way. 

- The pooled estimate of spooled, is a weighted average of the individual 

estimates.  

- To calculate spooled, deviations from the mean for each subset are squared; 

the squares of the deviations of all subsets are then summed and divided by 

the appropriate number of degrees of freedom.  
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Variance and Other Measures of Precision 
Precision of analytical data may be expressed as: 

Variance (s2) is the square of the standard deviation.  

The sample variance s2 is an estimate of the population variance 2 and is given 
by: 

 

 

 

 

Relative Standard Deviation (RSD) and Coefficient  of Variation (CV) 
 

IUPAC recommends that the symbol sr be used for relative sample standard 
deviation and sr for relative population standard deviation.  

In equations where it is cumbersome to use RSD, use sr and sr. 
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The relative standard deviation multiplied by 100% is called the coefficient of 
variation (CV). 

 

 

 

 

- Spread or Range (w) is used to describe the precision of a set of replicate 
results.  It is the difference between the largest value in the set and the smallest.  
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6C Standard deviation of calculated results 
We must estimate the standard deviation of a result that has been 
calculated from two or more experimental data points, each of which has 
a known sample standard deviation. 

 



Standard Deviation of a Sum or Difference 
 
- The variance of a sum or difference is equal to the sum of the variances of the  numbers 
making up that  sum or difference. 
- The most probable value for a standard deviation of a sum or difference can be found by 
taking the square root of the sum of the squares of the individual absolute standard 
deviations.  
 
 
 
 
 
- Hence, the standard deviation of the result sy is 
 
 
 
 
- For a sum or a difference, the standard deviation of the answer is the square root of the 
sum of the squares of the standard deviations of the numbers used in the calculation. 
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Standard Deviation of a Product or Quotient 
 

The relative standard deviation of a product or quotient is determined by the 
relative standard deviations of the numbers forming the computed result.  

In case of, 

 

 

The relative standard deviation sy/y of the result by summing the squares of 
the relative standard deviations of a, b, and c and then calculating the square 
root of the sum: 

 

 

 

To find the absolute standard deviation in a product or a quotient, first find 
the relative standard deviation in the result and then multiply it by the result. 
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Standard Deviations in Exponential Calculations 
 
- Consider the relationship: y = ax 

 

 where the exponent x can be considered free of uncertainty. 
 
-The relative standard deviation in y resulting from the uncertainty in a is 
 

 
 
 
- The relative standard deviation of the square of a number is twice the relative 
standard deviation of the number, the relative standard deviation of the cube 
root of a number is one third that of the number, and so forth. 
 
- The relative standard deviation of y = a3 is not the same as the relative 
standard deviation of the product of three independent measurements  
y = abc, where a = b = c. 
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Standard Deviations of Logarithms  and Antilogarithms 
 

For y = log a 

 

 

And for y = antilog a 

 

 

 

The absolute standard deviation of the logarithm of a number is 
determined by the relative standard deviation of the number;  

conversely, the relative standard deviation of the antilogarithm of a 
number is determined by the absolute standard deviation of the number. 
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6D Reporting computed data 
 

One of the best ways of indicating reliability is to give a confidence interval at the 
90% or 95% confidence level. 

 

Another method is to report the absolute standard deviation or the coefficient of 
variation of the data. A much less satisfactory but more common indicator of the 
quality of data is the significant figure convention. 

 

Significant Figures 

The significant figures in a number are all of the certain digits plus the first 
uncertain digit.  

Rules for determining the number of significant figures: 

1. Disregard all initial zeros. 

2. Disregard all final zeros unless they follow a decimal point. 

3. All remaining digits including zeros between nonzero digits are significant. 



Significant Figures in Numerical Computations 

 

Determining the appropriate number of significant  

figures in the result of an arithmetic combination  

of two or more numbers requires great care. 

 

 

Sums and Differences 

 

- For addition and subtraction, the result should have the same number of 
decimal places as the number with the smallest number of decimal places.  

Note that the result contains three significant digits even though two of the 
numbers involved have only two significant figures. 

 



Products and Quotients 
 For multiplication and division, the answer should be rounded so that it 
contains the same number of significant digits as the original number 
with the smallest number of significant digits.  

 

This procedure sometimes leads to incorrect rounding. 

 

When adding and subtracting numbers in scientific notation, express the 
numbers to the same power of ten.  

 

The weak link for multiplication and division is the number of significant 
figures in the number with the smallest number of significant figures.  

Use this rule of thumb with caution. 



Logarithms and Antilogarithms 
The following rules apply to the results of calculations involving 
logarithms: 

 

1. In a logarithm of a number, keep as many digits to the right of the 
decimal point as there are significant figures in the original number. 

2. In an antilogarithm of a number, keep as many digits as there are digits 
to the right of the decimal point in the original number. 

 

The number of significant figures in the mantissa, or the digits to the 
right of the decimal point of a logarithm, is the same as the number of 
significant figures in the original number.  

Thus, log (9.57  104) = 4.981.  

Since 9.57 has 3 significant figures, there are 3 digits to the right of the 
decimal point in the result. 

 



Rounding Data 
In rounding a number ending in 5, always round so that the result ends 
with an even number. Thus, 0.635 rounds to 0.64 and  0.625 rounds to 
0.62. 

It is seldom justifiable to keep more than one significant figure in the 
standard deviation because the standard deviation contains error as well.  



Expressing Results of Chemical Calculations 

 
- If the standard deviations of the values making up the final calculation 
are known, apply the propagation of error methods. 

 

- However, if calculations have to be performed where the precision is 
indicated only by the significant figure convention, the result is rounded 
so that it contains only significant digits. 

 

- It is especially important to postpone rounding until the calculation is 
completed.  

 

- At least one extra digit beyond the significant digits should be carried 
through all of the computations in order to avoid a rounding error. This 
extra digit is sometimes called a “guard” digit. 

 







• 6.1, 6.2, 6.5, 6.7, 6.8, 6.10(odd), 6.12, 6.15, 
6.18 

Suggested Problems 



Significant Figures 

Several basic rules for reporting uncertainties are worth emphasizing. Because the quantity 

δx is an estimate of the uncertainty it should not be stated with too much precision. It would be 

inappropriate to state the rate constant for iodination of cyclohexanone, for example, in the form 

kmeasured = (1.9 •} 0.1046) × 10–2 M–1 min . 

The uncertainty in the measurement cannot possibly be known to four significant figures. In the 

above case, the result should be reported as 

kmeasured = (1.9 •} 0.1) × 10–2 M–1 min 

A rough indication of precision is given by the use of significant figures, following these 

rules. 

1. Write a number with all digits known to be correct, plus one doubtful figure. 

2. In addition and subtraction, the number of significant figures in the result is limited by the 

component term with the largest absolute uncertainty: (5.25 ± 0.04) + (6.386 ± 0.001) = 11.64 ± 

0.04. 

3. In multiplication and division, the result is limited by the term with the largest relative or 

fractional uncertainty: (5.0 ± 0.5) × (6.0 ± 0.01) = 30 ± 3. 

In this case, the relative or fractional uncertainty in the first term is (0.5/5.0), i.e., 5 parts in 50, 

which is a relative uncertainty of 10%. The relative uncertainty in the second term is a little less 

than 2%. Thus, here, the relative uncertainty in the product cannot be less than 10% and is 

dominated by that in the first term. A systematic approach for treating the combination of such 

uncertainties is presented in the later section on the propagation of errors. 

Procedure Title:  

Rounding and Significant Figures  

Laboratory Analytical Procedure  

1. Introduction  

1.1 This procedure describes the rules for rounding numbers for the reporting of analytical data.  



2. Scope  

2.1 This method describes the application of significant figures for the proper reporting of 

analytical data  

3. Terminology  

3.1 Significant Figures:  

The number of significant figures in a measured quantity is the number of digits that are known 

accurately, plus one that is in doubt. Zeroes that appear to the left of the first nonzero digit are 

place holders and are not considered significant. Zeros located to the right of the first digit may 

be considered significant.  

3.2 Analytical Data:   

Data that represent the measured concentration or value of analytes in a sample aliquot. Sample 

aliquots include samples, method blanks, calibration verification standard (CVS) and quality 

assurance samples (QA samples, e.g. NIST standards).  

3.3 Sample Data. Data that represents the measured concentration of analytes in a sample.  

3.4 Method Blank Data:  

Data that represent the measured concentration of analytes measured in a all reagents without the 

addition of a sample.  

3.5 Quality control (QC) Data:  

Data that represent the measured concentration of target analytes that are elements of QA and 

CVS samples.  

3.6 Quality Assurance Data:  

Data that represent the known values in a standard reference material  

3.6 Accuracy Data: 



 Data that represent the percent recovery determined from QC data.  

3.7 Precision Data:  

Data that represent the relative percent difference or relative standard deviation calculated from 

accuracy data.  

3.8 Calibration Range:  

The range of a method is defined as the lower and upper concentrations for which the analytical 

method has adequate accuracy, precision and linearity.  

4. Significance and Use  

4.1 It is the responsibility of each analyst recording analytical data to comply with each of 

these rules for significant figures and rounding.  

4.2 It is the responsibility of each supervisor, data reviewer, or QA representative to ensure that 

these rules are properly applied in the treatment of analytical data.  

5. Interferences  

5.1 Not applicable 1  

6. Apparatus  

6.1 Not applicable  

7. Reagents and materials  

7.1 Not applicable  

8. ES&H Considerations and Hazards  

8.1 Not applicable  

9. Procedure  



9.1 All calculations should be completed prior to any rounding to avoid introducing 

additional error into the analytical result.  

9.2 Data entry into calculators or computers should include all of the available digits from 

the analytical instrument generating the data. Some instrument outputs contain an 

excessive numbers of digits. In these cases data entry should be at least 5 digits (if 

available) to prevent error due to successive rounding.  

9.3 The calibration range must be reported using the same rounding and significant figures 

rules as the associated sample data.  

9.4 Data below the calibration range prior to rounding should be reported. 

   

Confidence Interval 

A confidence interval is an estimated range in which measurements correspond to the given 

percentile. For example, a 95% confidence interval means that the 95% of the measured values 

will be within the estimated range. It can also tell precision and stability of the measurements 

from the uncertainty. 

μinterval =  ± t*s / √N 

μ = true value 

s = estimated standard deviation 

N = number of data points 

t = student’s t 

N-1 = degrees of freedom 

Student t-Test 

The t-test is a convenient way of comparing the mean one set of measurements with 

another to determine whether or not they are the “same” (statistically). Its main goal is to 

test the null hypothesis of the experiment. There are assumptions about the data that must be 

made before being completed. Once the t value is calculated, it is then compared to a 

corresponding t value in a t-table.   

http://www.csic.cornell.edu/Elrod/t-test/t-test-assumptions.html
http://www.statsoft.com/textbook/distribution-tables/#t


The value in the table is chosen based on the desired confidence level.  The higher the % 

confidence level, the more precise the answers in the data sets will have to be. A 95% confidence 

level test is generally used. 

If the calculated t value is greater than the  tabulated t value the two results are considered 

different. However, one must be cautious when using the t-test since different scenarios require 

different calculations of the t-value.  

What is the t test used for? 

A t-test is a type of inferential statistic used to determine if there is a significant difference 

between the means of two groups, which may be related in certain features. The t-test is one of 

many tests used for the purpose of hypothesis testing in statistics. Calculating a t-test requires 

three key data values. 

 

Q Test & Grubb’s Test: 

 

The Q test is designed to evaluate whether a questionable data point should be retained or 

discarded. In general, this test can be thought of as a comparison of the difference between the 

questionable number and the closest value in the set to the range of all numbers. The calculated 

Q value is the quotient of gap between the value in question and the range from the smallest 

number to the largest (Qcalculated = gap/range). 

This calculated Q value is then compared to a Q value in the table. This table is sorted by the 

number of observations and each table is based on the percent confidence level chosen. 

If Qcalculated > Qtable The number can be discarded If Qcalculated < Qtable The number 

should be kept at this confidence level 

The Grubb test is also useful when deciding when to discard outliers, however, the Q test can be 

used each time. Both can be used in this case. 

  

 

http://www.chem.utoronto.ca/coursenotes/analsci/StatsTutorial/qcrittable.html


What is Q test in analytical chemistry? 

Dixon's Q test, or just the “Q Test” is a way to find outliers in very small, normally distributed, 

data sets. ... It's commonly used in chemistry, where data sets sometimes include one suspect 

observation that's much lower or much higher than the other values. 

 

 

Dixon's Q-test:  Detection of a single outlier 

 Theory 

In a set of replicate measurements of a physical or chemical quantity, one or more of the 

obtained values may differ considerably from the majority of the rest. In this case there is 

always a strong motivation to eliminate those deviant values and not to include them in any 

subsequent calculation (e.g. of the mean value and/or of the standard deviation). This is 

permitted only if the suspect values can be "legitimately" characterized as outliers. 

Usually, an outlier is defined as an observation that is generated from a different model or a 

different distribution than was the main "body" of data. Although this definition implies that 

an outlier may be found anywhere within the range of observations, it is natural to suspect 

and examine as possible outliers only the extreme values. 

The rejection of suspect observations must be based exclusively on an objective criterion 

and not on subjective or intuitive grounds. This can be achieved by using statistically sound 

tests for "the detection of outliers". 

The Dixon's Q-test is the simpler test of this type and it is usually the only one described in 

textbooks of Analytical Chemistry in the chapters of data treatment. This test allows us to 

examine if one (and only one) observation from a small set of replicate observations 

(typically 3 to 10) can be "legitimately" rejected or not. 

Q-test is based on the statistical distribution of "subrange ratios" of ordered data samples, 

drawn from the same normal population. Hence, a normal (Gaussian) distribution of data is 

assumed whenever this test is applied. In case of the detection and rejection of an outier, Q-



test cannot be reapplied on the set of the remaining observations. 

  

How the Q-test is applied 

The test is very simple and it is applied as follows: 

(1) The N values comprising the set of observations under examination are arranged in 

ascending order: 

x1 < x2 < . . . < xN 

(2) The statistic experimental Q-value (Qexp) is calculated. This is a ratio defined as the 

difference of the suspect value from its nearest one divided by the range of the values (Q: 

rejection quotient). Thus, for testing x1 or xN (as possible outliers) we use the following 

Qexp values: 

 

(3) The obtained Qexp value is compared to a critical Q-value (Qcrit) found in tables. This 

critical value should correspond to the confidence level (CL) we have decided to run the 

test (usually: CL=95%). 

Note: Q-test is a significance test. For more information on terms and concepts related 

to significance tests (e.g. null hypothesis, confidence levels, probabilities of type I and type 

II errors), see the applet: Student's t-test:  Comparison of two means. 

(4) If Qexp > Qcrit, then the suspect value can be characterized as an outlier and it can be 

rejected, if not, the suspect value must be retained and used in all subsequent calculations. 

  

The  null hypothesis associated to Q-test is as follows: "There is no a significant difference 

between the suspect value and the rest of them, any differences must be exclusively 

attributed to random errors". 

http://www.chem.uoa.gr/applets/AppletTtest/Appl_Ttest2.html


A table containing the critical Q values for CL 90%, 95% and 99% and N=3-10 is given 

below [from: D.B. Rorabacher, Anal. Chem. 63 (1991) 139] 

Table of critical values of Q 

 

Typical example 

The following replicate observations were obtained during a measurement and they are 

arranged in ascending order:  

  4.85,  6.18,  6.28,  6.49,  6.69.  

These values can be represented by the following dotplot: 

 

Can we reject observation 4.85 as an outlier at a 95% confidence level? 

Answer: The corresponding Qexp value is: Qexp = (6.18  4.85) / (6.69  4.85) = 0.722. 

Qexp is greater than Qcrit value (=0.710, at CL:95% for N=5). Therefore we can reject 4.85 

and being certain that the probability (p) of erroneous rejection of the null hypothesis (type 

1 error) is less than 0.05. 

Note: At confidence level 99%, the suspect observation cannot be rejected, hence the 

probability of erroneous rejection is greater than 0.01.  

 



A general comment on the rejection of outliers  

All data rejection tests must be judiciously used. Some statisticians object to the rejection of 

data from any small size data sample, unless it is solidly known that something went wrong 

during the corresponding measurement. Other recommend the accommodation of outliers 

and not their rejection, i.e. they suggest to include deviant values in all subsequent 

calculations but with reduced statistical weight (Winsorized methods). 

It should be also stressed that the use of Q-test is increasingly discouraged in favor of other 

more robust methods. One such method is the Huber method, which takes into consideration 

all data present within the set, and not only three as in the case of Q-test.  

Applet 

With this applet we can experiment with small data samples (Ν = 3 to 10), which can be 

easily produced and displayed on each one of the 5 dotplot-areas. By left-clicking the 

mouse, we can define the position (thus its relative value) of each point (value). After 

defining 3 to 10 data values, by clicking on the corresponding CALC(: Calculate)-button the 

most deviant point (suspect value) is automatically located and the corresponding Qexp is 

calculated. On the "window" to the right side of the dotplot the number of data-points N 

comprising the set and the calculated Qexp is displayed (Q). 

 

The outcome of the test is reported at the lower part of applet working area: 

 

The report (in the present example) is as follows: The null hypothesis is rejected at CL 

levels 90% and 95%, whereas it is accepted at CL 99%. That means that the probability (p) 

of type-I error (i.e. erroneous rejection of the null hypothesis) is somewhere between 0.01 

and 0.05. This is all the information we can have by using tables of critical values at various 

http://www.rsc.org/images/brief6_tcm18-25948.pdf


confidence levels. 

However, this applet can give the actual value of p and this value is shown (as P) in the 

small window next to the dotplot along with N and Q. For N>4, this calculation is 

performed by a Monte Carlo procedure, thus it may take some time (typically: 5-10 s) for 

the final result to appear. More details on how p values are calculated are shown here. 

By clicking on the "CLEAR" button the dotplot is cleared and a new data sample can be 

created and examined as previously described. This applet allows us to create 5 independent 

dotplots for visual comparison of the obtained results, as it is shown in the screenshot 

below: 

 

  

ATTENTION:    

For a full list of all applets click here. 

Page maintained by Prof. C. E. 

Efstathiou 

  

What is normal error curve? 

Introduction. Random fluctuations result in a distribution of results when making repetitive 

measurements. The distribution that results due to truely random events is called a "normal 

error" or Gaussian curve. It is also sometimes called a "bell-shaped curve". (Refer pdf) 

http://195.134.76.37/applets/AppletQtest/Q_to_p2.htm
http://195.134.76.37/applets/Applet_Index2.htm
http://www.chem.uoa.gr/?page_id=3702
http://www.chem.uoa.gr/?page_id=3702
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What is normality example? 

The narmaHtr of a solution is t he gram 

equivalent weight of a sol u1e per I iter of 

solution. . . . For example, the concentration of 
a hJydrochloric ·aci'd solut.ion might be 

expressed as 0.1 N HCL A gram equivalent 

weigh1 or equivalent i1s a measure of the 
reactive capacity of a given chemica I species 

(ion, molecule, etc.). Sep 25~ 2019 



How do you convert weight to PPM? 

1 ppm= 1 part /106 part; 1% = 1/100; so,~= 
1 / 1 00 x 1 06 = 1 □4 ppm. Jf each element is 

available in wt%1 just multiply with 104 to get 

the concentration numbers in ppm. 



How clo ycu explain ppm? A 

Just as per cent means out of a hundredJ so 

parts per milllan1 or ppm means out of a 
miHlon. Usually describes the concentrati·on of 

something in water or soil. One ppm is 

eq LJ ivatent to 1 mil Ii gram of something per I i'ter 

of water (mg/I) or 1 mil Ugram of something 

per kilogram soil (mg/kg). Jul 26, 2004 



~ 

Normality 
What i~ Normali_ty? 
NolimaUty in chemistry is one of the 
expr,essions used to measure the 
concentrration rof a solution~ It is 
abbreviat,ed as 'N' and is sometim1es 

referred to as the equivalent 
concentration of a solu1ion~ It is 
mainly used as a measure of reactive 

species in a solution and during 
titration reacti1ons or particularly irn 
situat io1n,s invo1lving acid-base 
chemistry. 

As per the standard 'definition, 
normality is described as the number 

t of gram or mole equivalents of solute 
present in on1e li'tre of a solution~ 
When we say equivalent. it is the 

~ number of moles of react ive units in 
a 1comp1ound. 

I 



Normality Formula 
Normality = Number of gram 
equivalents x [volume of solution in 
litres]-1 
Number of gram equivalents= weight 
of solute x [E,quivalent weight of 
solute]-1 
N = Weight of Solute (gram) >< 
[Equivalent weight x Volume (L)] 
N II Molarity ,c Molar mass x 
[Equivalent mass]-1 
N = Molarrty x Basicity = Molarity x 
Acidity 
Normality is often denoted by the 
letter N1 

.. S01me of the other units of 
normality are also expressed as aq 
L-1 or meq L-1 . The latter is often 
used in medical reporting. 



r::y \..ioncepts 

Parts IPer MUiiion (ppm) is a 
meas,urement 10f the 
conce1 ,tr a lion o f a solulon. 

© For very dilute so1iutions, 
weigntt wcrghl \W/ 'v-.JJ and 
we1g'ht7volun1e (w/vj 
concentrations are som1etimes 
expressed in parts per mi"ion~ 

Cl) parts per mi1Uion i.s 
abbreviated1 as p1pm 

FoUo~ 

0 1 ppm1 is one 1part 1by weight,. 
or vo1lume, of s1olute in 1 mlHl01n 
parts by ·w·eig1ht, or voiume1 of 
sotution. 

0 In weight/vo!ume (w/v) 
terms. 

1 p1p1m = 1g m·3 = 
1 mg L-1 =· 1 µg 
mlL-1 

In weight/wei1ght (w/w) 
terms, 

1 ppm ~ 1 mg kg-1 

= 1 µ1g1 g_, 

l 
l 

' . 
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UNIT-V 
ATOMIC ABRSORBTIONSPECTROSCOPY 

Introduction 
Detectors, Double beam Absorption Spectrometer, Interference, Applications 

Instrumentation source, burner, flame, monochromators 

THERMAL ANALYSIS 

Thermal analytical methods, principle involved in thermogravimetric analysis 
and differential gravimetric analysis, discussion of various components with 
block diagram, characteristics of TG and DTA, Factors affecting TG and DTA 

curves. 

POLAROGRAPHY 

Introduction-migration current-diffusion current-residual current polagram-
Instrumentation-advantages of 

Applications. 
DME-lkovic equation (no derivation) 

Text Books 

1. D.A. Skoog, D.M. West and F.J. Holler, Analytical Chemistry: An Introduction, 
5th edition, Saunders college publishing, Philadelphia, 1990. 
2. U.N. Dash, Analytical Chemistry: Theory and Practice, Sultan Chand and sons 
Educational Publishers, New Delhi, 1995. 

Reference Books 

1. RA. Day Jr. A.L. Underwood, Quantitatives Analysis, 5th edition, Prentice Hall 
of India Private Ltd., New Delhi, 1988. 
2. Elementary Organic Spectroscopy: Principles and Chemical Applications, 
S.Chand and company Lid., Ram Nagar, New Delhi, 1990. 
3.V.K. Srivastava, K.K. Srivastava, Introduction to Chromatography: Theory and 
Practice, S. Chand and company, New Delhi, 1987. 
4. R.M. Roberts, J.C. Gilbert, L.B. Rodewald, A.S. Wingrove, Modern Experimental 
Organic Chemistry, 4th edition, Holt Saunders international editions. 
5. A.K. Srivastava, P.c. Jain, Chemical Analysis: An Instrumental Approach for 
B.Sc. Hons. and M.Sc. Classes, S. Chand and company Ltd, Ram Nagar, New Delhi 
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CHAPTk 20 

Flame Spectrometry and Atomic 
Absorption Spectroscopy 

20.1 INTRODUCTION 

Atomic Absoption Spectroscopy (AAS) has become one of the nt wiclely used 

analytieal techniques. 
Atomi absorption spectroscopy involves vaporising the specimen, often by 
spraying a solution of the sample into a flamc, and then study1ng the absorption 
of radiaion from an clectric lamp producing the s;pectrum of the eleineni io be 

detemince)D 
The instrumentation will contain the same basic conponerts as an ordinary 

UV-visible spectrophotomcter. However the analytical reçuirement and the physi 
cal appearance of the instruments will be considerably different 

One important difference is that in AA^ a sample must be atomised for the 
observatior: of atonic lines and this is freqienly accomplished by a lame. Thus. 
atomic absorption and flame.cmission spectrometers have this aspect in common 
and commercial instruments are designed to do both techniqucs. Another major 
difference lies in the radiation source. A source with a bandwidth narrower than 
that of the absorption line should be chosen, and a different source is required 
for each elenent. 
AAS is identical in principle to molecular spectroscopy The absorption 

follows Bcer's law, i.e. the absorption is directly proportional to the path length 
in the.flane and to the concentration of atomic vapour in the flame. Both of these 

variables are difficult to determine, but the path length can be held consant ánd 
the concentration of atomic vapour becomes directly proportional to the concen-
tration of analyte in solution being aspirated. 
20.2 INSTRUMENTATION 

The requirements for atomic absorption specirophotometry are: 

1. Source 
2. Bumer/ilame

3. Morchromator or filters 
4. etectot. mplisier and read-out device 
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ne ane is placed erwecn the source and the monochromator. A Schematic 

gram of an atomic aBsorption spectrophotometer is shown in Fig. 20 1 

Relerence beam 
Chopper 

Hollow cathode 
lamp 

Hall-silveredmirtor 

Burner Monochromator -- Detector 

Fig. 20.1 Double beam atomic absorplion spectrophotomeler 

The varicus components of an atomic absorption spectrophotometer are . 

described as follows: 

(i) Source 

A shap line source is required in atomic absorption because the width of the 
absorption line is very narrow, a few hundredths to one-tenth of an angstro:m, at 

the most. The source used almost exclusively is a hollow cathode lamp. This is 2 

sharp line source that emits specific (essentially monochromatic) wavelengths, 
and the basic çonstruction is illustrated in Fig. 20.2. 

Calhod 

- Window 

No or Ar gas 

Anodo 

Fig. 20.2 Schematic diagram of a hollow calhode lamp 

A hollow cathode lamp consists of two electrodes enclosced in an evacu.ed 

glass container. The anode is usually constructed from tungsten, but the matss ial 
is not particularly critical; nickel and zirconium have also been used. The (*th- 

ode consists of a hollow cylinder which is contcd with the element whose enis 
Sion spectnum is desired. 

Electrical connection to the cathode and anode is achieved through wiret ex 

pins which are sealed through the base of the lamp. 
The glass envelope surrounding the electrodes contains an inert gas at a rea 

tively low pressure (usually 1 to 2 tom). This inert gas is known as Filler 
In most lamps either ncon or argon is used as the filler gas, but heli:ain. is 

sometimes used. The end of the hollow cathode (hc) lamp is sealed with a y'e 

dow of a material that is transparent to radiations emitted by the element n t 

cathode. lf radation in the U region is emitted from the lamp. the windar. is 
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usually consttucted o quartz or silica. If radiation in only tie visib':segion is 

cmitted, the winlow is constiucted of glaSs. 
When a he lamp is used, a voltagc, of about 100 to 200 1s apptied between 

the cathode ind the anode with the external power supply. that causes a Ci e 

of about I to 25 nA to flow betwcen the clectrodes. The curent Now is adusted 
by the analyst to confonm with the value recommended by the lamp manufacturer 
for optinal operation of that particular lamp. 

Application of the votage causes formalion ofpositive ions of the inert filer 

8as. The filler gas ious are accclerated to the negaive catiuxde, where the energ 
of their collision is sülTicicnt and is útilises vaporise atoms from the surface of 

the cathode in a process known as (sputtering Some of tlhese liberated gaseous 

metal atonms absorb encrgy from the applied voltage (i.e. electrons) and from 

collisions with tilier gas ions, and they arc excited, i.c. transfo ned into atoims 

containing clectrons in excited clectron energy levcls. 

As thhe clectrons return to lower.energy levcls, radíation wlhich is clharacteris- 
tic of the emiing atom is emitted. Since the radiation emited by a he lamp is 

characteristic of the element on the cathode of the lamp. it is necessary to use a 

lamp which has a cathode coated with the clement which is being analysed. As 
an cxample, if it s necessary to analyse for copper, a hc eontaining copper is 

used in the iamp.jlt should be pointed out that, since the res:lting emissiun spec- 
Irem from he lamp contains lines from the cathode matenal and also from the 

filler gas, the choice of gas is restricted to those w:ost. emission lincs do not 

coincide with lines from the cathode itself and which will no: ionise the sputtered 

atoms. In practice, ncon or argon are preferred. 
The atomic emission resuling from the cathode material is as follows: 

1. ionisation of filer gas: Ne +c Ne +2c 

2. "Sputtering"" of metal cathode material: M(s Ne Mip 

3. Excitaiion of metal cathode material: M(e; M, 

4. Enisio: M Mt hu 
These emission lines are passed through the flame and ceitain ones become 

absorbed by tr: test clement|because they possess the nglii encrgy (the rigii 

wavelength) to r2sult in discrete electronic transitions. ¡i he most strongly 

absoxbed line is often, but not always, the one correspondung to tie electronic 

transition frori tive gOund state.o the_lowest excited stale. This is called the 

resorance lne The ines from a hollow cathode lamp arc nartower ihan the 

absorption lie vi the element in the flame because of broadening of the absorp- 

tion line at the nzher temperature and pressure of the flame: su thir: enire source 

iine width is avsorbed. Greater specificity also results íor the reasoa that. w ith a 

contimun sontc: (c.g. xenon arc lamp), an element witli ti airsotption line 

falling anys leie within the spectral slit width would absuat pa:1 of tihc surc? 

ra0. ion Iweve, a line source will not be ab:orbed a n s ili elemen 
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us ntayc nt the tise of k Iannp« 1s the ncie** ity of tng a c, 

C aag he rah analy 1rd clenent The disacdv.ant.age 
n 

te overcome by 

the hat 31e made ltn nu te than one element The caitode is a mnul 

ciern 
athol: lamps made tron either an alloy or ings of de 

clemen 1econmICially available rnultuple clement lic limps Can ie use1 

Anal ! tetucen two 2nd seven elements. They may 
exub1t sihorter litcte 

h nle rieaent lamps duc to selective volatilisation of one of the clem 

t t 'e with condensation on the walls of thie IanaP 

) unets 

Thc tnrt cd to establ1sh the flame and in essence, the sanj ie comparimeri: 

al atr iijati.ant lesign leature in AAS. The two types that :are in general i* 

shown m in 203 aue the turbulent flow and-total consumption burner co. 
nony n 1 t Hame Emission Spectoscopy (FES) anl the lam:r low-prenux 
buronnly uved for Atomic Absorption SpectrCcupy (AAS). 

F1arne 

From 

sCUrce 

P_To monochromator 
Flarme 

Aspirated 
sample Fu! 

Cidant 
To monochromato 

Nebuliser adpeing knob 
Samplo capillary 

Sample 
(Turbulert flow model (B) Laminar flow mocei 

Flg. 20.3 Burners lor AAS ad FES 

In the urbulent low-total consumption burner, the aspirated samplc, fvel 
and oxidart are all brought together at the tip of the burnei. ligh velocity pre- 
venis flashback of the flame, which can he a problem wlhen hydiogen fr:1 i: usert 
with a laninar flow burner. Even though the sample is totally consumed, some of 
the larger dtoplets can go right through the lame region without ulotti satio. 
Turbulent flow also makes this burner noisy. 

In the laninar flow type, the sample is aspirated into a chamber in wtich the 

firel. tidai:t and the analyte solution dropleis are mixeg. iewever. iarge: ops 
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.all to the bonom and are collected. The mixture is then forced out tt:ough a 

ln sitted. burner hcad The homogeneous mixture moves witl1 relatively slow 

cloty As a resul more ieprolucible sugnal is obtained. In addition this is an 

absoptun process which follows Beer's law 

A = tbe. 

The lem b is the path length through :he lame and as can be secn j 

Fig. 20.3, will be considerably greater for the laminar Now burner than for thee 

tuubulent flow bumer.) 

lon-lame atomic absorption lechnques have developed in recent years.One 

*1iely used approach is that of adding the sample to a graphite furmace, which 

can be heated up to 3000°C to accomplislh atomisation. It consists of a hollow 

raphit: cylinder. A snmall amount (l to 50 ul.) of sarnple is inserted thruugh the 

sanple port, ard the solvent is evaporated at a low temperature. Following this, 

the sample is ashed and then strongly he:atcd to accomplish atomisation. The 

htoms diffuse out the ends of the tube, but their residence time of 2 to 3 s is 

sufticient to allow recording of the absorption signel. The signal is recorded as a 

furcto1 of time, and the peak area is proportional to concentration of analyte in 

the sannle. This tchniaue has a very high sensitivity.) 

A type of intertefchce ihat is particularly severe with graphiie furnace AAS 

bui can be significant in lame methods, is the presence of particles in the light 

pah that caa scatter light. Light that is scatered or blocked will not reach the 

detector and would be counted as absorption because the blank niay not produce 

the same amount of particulate matter. Melhods for background correction have 

been developed and chopping help to corpensate for momentary 
Nuctuationsin 

tive fiurnzce atmosphere or flame. 

ii) Flame copunsate 
2 

Th: lane serves three basic functions: (1) t i5 used to transform1 the sample to 

nalysed from the liquid (or suspended so!id) state into the gaseous state (2) it 

is used to decompose the molecular compounds of the element of interest intc 

individual atoms (preferably) or at least into simpler, molecules and (3) in flame 

photometry, the individual atoms (or simple olecules) are excited by the energy 

of ihe flame. 

Tihe two main requirements of a satisfsctory ilame are that it should have a 

Droier mperature 
and gascous environmei 

:o períorm these functions end the 

!me background should no! interfere with the observation to be made. 

pes ef Flames: A typical premixed fiame (shor in Fig. 29.4) consist of an 

inner cone, outer cone, andinterconal 2ine. The inner cone is generally a region 

of partial combustian i.e. without therrial equibrium, whicl is being heated by 

coductio) and radiaion fiom the hottei regiia jusi ."a 
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Ou:er cone 

Ar 
Aif Interconal zone 

Inner cone 

Burner tube 

Fig. 20.4 Schematic diagram of the structure of a flame 

In this region. intermediate oxidation products are being formed. Light emis- 

sion (from the fuel gases, not the sample), ionisation and the concentration of 

free radlicals in this zone are exiraordinarily high, and this region is rarely used 

for any type of analytical work. 
mmediately above the inner cone region is the interconal zone. This is the so 

Scalled hot part of the flame corresponding to essentially complete cornbustiçia. 6" 

Here, gaseous atoms and elementary ións are formed from the solid particles. 

Excitation of atomic emission also takes place ip this region. 
Finally, the atoms and ions are carried to the outer edge, or outer cone, where 

oxidation muy occur before the atomisation products disperse inte the atmos 
phere. Bccauee the velociy of the fuel/oxidant mixture through the Nlame is ligh, 
only a fraction of the sample undergoes all these processes; indeed, a flame is 
not a very efficient atomiser. 

Burning temperatures of the commonly used flames are listed in Table 20.1. 

Table 20.1 Burning Temperatures of Commonly Used Flames Sion 

Flame mixture Max. Temp. °C 

Hydrogen-OXygen 
fydrogen-iair 

Propane-air 
Propane iKygen 
Acctylene-ir 
Acerylenc-oxygen 
Acenyiene-itrous oxide 

2677 

2045 
1725 
2900 
2250 
3060 
2955 

Hydrogen-a7gr-ertrained air I577 

Flame temperature determines thg relative mber.af.excited and unexcited 
atoms in a.fame.. Control of temperature is of prime importancc in flanc emis sion methods. Therefore. cmission methods, based on the population of excited 

atoms, require much closer control of flame temperature than absorption proct dures in which the analytical signal depeids upon the number of unexeiteu atoms. The number of unexcited atoms in a typical flarne exceeds the run:ber si excited ones by a factor of 103 to 1010 or more. This suggests that absorptio methods should be significantly more sensitive than emission metlhods 
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fiv) 
Monochromators or Filters 

The instrument must be capable of providing a stufficrently narrow bandwidth to 

separate the line chosen for determination fro: other undesirable lines that nay 

cilher interlere with the measurement or reduce the sensitivity of the analysis. A 

glass filter has been employed for most alkali metals 

o ) Detectors, Amplifiers and Read-out Devices 

The radiant energy signals can be conyerted into electrical ones by making use 

of a photomultiplier tube. (similar to that discussed in molecular spectroscopy) 

The amplification of the current from the photonultiplier detector is carried 

out by using an amplifier and the chart recorders are used as read out devices. A 

chart recorder is a potentiometer using a servom:tri to move the recording.pen 

he pen displacement is directly proportional to ihe input voltag&. 

Working of the Double-beam Atomic Absorption Spectrophotometer 

Radiation from the he lamp is chopped and mecthanically split into two beams, 

one of which passes through the flame and the other around the flame. A half- 

silvered mimor returns both beams to a single p:ath. by which they pass alter 

nately through the monochromator and to the dei:ctur. A signal processor then 

separates the ac signal generated by the chopped ight source from the dc signal 

produced by the flame. The logarithm of the ratin between the reference and 

sample components of the ac signal is then compt:tcd and sent to the read out 

device for display as absorbance. 

Interferences 

Two types of interference are encountered in atomic absorption methods. 

Spectral Interferences These may be defined as radiation reaching the detector 

from a source other than the element being sought. n other words, spectral inter 

fereuces are caused by the overlapping of a line or baud of an impurity clement 

at the wavelength of the element to be measured Thi» type of interference is far 

less com:mon. since in atomic absorption the source ine is cxtremcly närrow and 

specific. 
Table 20.2 lists pairs of elements giving mutual spectral interference. 

Cherical irierference This arises from reactions berween the analyte and the 

inierference that reduce the'analyte concentration in the tlane. Anions often in- 

terfere in flame methods by forming compounds of low voiatility with the analyte. 

thus decreasing the rate at which it is atomised. Low restalts are the consequence. 

An exanpe is the decrease in calcium absorbance observ ei with incre33IRO CAR 

ceniraions of sulphate or phosphate ions, which forn non-volat:le compounds 

with the calcium ion. 
Releasung ugenis are cations that react selectively with anions and thus pre 

vem their interfering in the deterinination of a cation:c anuly te 
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Table 20.2 Pairs of Elemcnts Giving Mutual Spectral 
Interference in AAS 

Pait Nos. Element and line-A 
lEu 3247.530 

2506.905 
2719.038 

Cu 3247.540 

2506.899 

2719.025 

3082.155 
2536.5 

V Si 
2 

Fe 
3082.111 

Al 
Co 2536.49 

Hg 
Mn 4033.073 Ga 4032.882 

Prolective agents are reagents that form stable volatile complexes with an 

analyte and thus prevent interference by anions that formn non-volatile compounds 

with it.
Almost all interferences encountered in AAS can be reduced, if not completcly 

climinated, by the following procedures: 

. Alteration of flame composition or of flame temperature can be uscd to 

reduce the likelihood of stable compound formation within the flame. 

2. Selection of an alternative resonance line will overcome spectral interfer 

ence from other atoms or molecules and from molerular fragments. 

3. Separation by solvent ex1raction or by an ion exchange process, may be 
neces»ary to rernove an interfering element; suchseparations are most fre- 

quently necessary when dealiug 'with name emissio spectroscopy. 

20.3 APPLICATIONS OF AAS 

I.Over 25 elenments in hair have been determined by AAS, and scveral otlher 

elements have been found by other analytical techniques. Analysis of hair has 
also been useful for the dietermination of pollutants in the environment as such 
lead, cadmium, mercury, and arsenic; a correlation between metal content and 
leaming disability in children has been found for some of these elements. Hair 
anaBysis may become d routine diagnostic tool to complement blood and urine 

analyses. 
2. A second type of forensic application is the use of non-flame AAS for the 

determination of Pb, Sb and Ba in gunshot residues. These resichues,are le-on the hands of anyone finng a gun and are easily removed by siýalkhDg tie' sus- 

pecis' hands with a cloth moistened with dilute HCI. Sensitivity by this 

technique is 10" g for Pb and Ba and 10 g for Sb, well below the typical values of 10 g for gunshot residues. 
3. Another area where atomic absorption analysis can be used is in the trace- 

element composition of foods. Iron, zinc, and copper anml, sos are weli estab- 
lished. Sample are digested in H,SO4-H,02, with the whole procedure largely automated so that over 100 samples per hour can be l.:ad'ed. 

4. Highly toxic beryllium was dete.ted in a room in which a ga. mantle lan- 
tem had been lit-cspecially high levels when the mantle had been lighted lu. 
the first time: cadmium and lead have been meas:ired in uigarette puifs. !ead 
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oncentration in a r om rgached cily-trafficMevels when a singlc Christmas can 

having a wire wick siffener was burning: mercury levels in offices and labo-

ratories have been measured as á function of location and time. These iew CXam-

ples illustrate the tremendous scope of AAS in solving analytical probiems. 

QUESTIONSs 

. Choose the.correct answer from the following. 

1. In AAS, the atomisation of the sample is accomplished by 

(a) Aáne 
(c) vapour techniques 

2. A source with a bandwidth narrower thian that of the absorption line is 

chosen in 
(aAAS 

(c) MFS 

3. AAS is identical in principle to molecular spectroscopy in that 

(aAbsorption follows Beer's law 

(b) absorption does not follow Beer's »w 

(c) absurption depends on Beer's law a very high concentration 

(d) absorption depends on Beer's law at molerate concentration 

4. The souce used in AAS is 

(a hollow cathode lamp 
(b) a tungsten lamp 
(c) a deuterium lump 

(d) a mercury lamp 

5. Thc glass envelope surrounding the electrides contains an inert gas at a 

relatively 
(adow pressure 
(c) 50 tor 

(b) eiectretnermal process 

(d) graphite rod 

(b) AES 

(d) NMR 

(b) high pressure 

igh etmperature 

I1. State whether the following statemets are true or false. If false, 

Write the correct statement. 

6. In the hc lamp, the anode is usually consu uted irom tungsten. 

7. The incrt gas is oth�rwise known as ti!ler gas in AAS. 

8. In most of the hc lamps, either neon or rgon is used as the filler gas. 

9. In AAS, if the radiation in the UV regum is enitted from the lamp, the 

window is usually constructed of glass 

10. The flame, in essence, is used as a sarnple connpartment in AAS. 

1. Fil in the blanks. 

I1. iormation of positive ions of the inert Iiier gas is known as 

12. The collision energy of the filler gas i0a i ilised .v vaporise aterns 

Irom the cathodc surface in a process km 

9/9 
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