
Chapter 5 

 

 Errors in Chemical Analyses 

 
The term error has two slightly different meanings. First, error refers to the 

difference between a measured value and the ñtrueò or ñknownò value. 

Second, error often denotes the estimated uncertainty in a measurement or 

experiment. 

  

 
Next 3 chapters  
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5A Some important units terms 



The central value for a set of replicate measurements 

1) Average or mean 

The mean value is the sum of the measured values divided by the total 

number of values. The sample of n determinations can be designed by : 

        x1, x2, x3, ÖÖÖ, xn. 

The sample mean, can be calculated by : 

 

       x =( x1+x2+x3+ ÖÖÖ+ xn) / n  =  Sxi / n 

 

 

This sample mean is an estimate of m, the actual mean of the population.  

The mean gives the center of the distribution. 



2) Median 

The median(M) is defined the middle value of data points arranged in order of 

magnitude. Median is the value above and below which there are an equal 

number of data points. 

For an odd number of points, the median is the middle one. 

For an even number of points, the median is halfway between the two center 

values. 

The advantage of M over the mean is that a gross error in one result in a small 

will  cause a large error in the mean, but not in M. 

 
 



Figure 5-1 Results from six replicate determinations of iron in aqueous samples of a standard 

solution containing 20.0 ppm iron(III). The mean value of 19.78 has been rounded to 19.8 ppm 



Accuracy and precision 

Accuracy 

Accuracy refers to the closeness of such measurements to the ñtrueò magnitude 

concerned. An accurate method of measurement is both precise and unbiased. Accuracy 

is therefore a generic term for precision and nearness to the truth. The determining 

factor for the overall error is the largest individual error. The random error may be 

decreased by a factor Õn by repeating the analyses n times. Systemic error may only be 

eliminated by the elimination of its cause. 

Precision 

Precision (or reproducibility) refers to the agreement among repeated measurements of 

a given sample.  Precision shows only how closely many  measurements agree, while 

accuracy shows how closely a method measures what it is supposed to measure. 

Precision is specified by the standard deviation of the results. 

Accuracy 

Total error 

Nearness to the truth Precision 

Systemic error Random error 



Figure 5-2   Diagram illustrating bias, precision and accuracy. 
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5A-2 Precision 

  Reproducibility of measurements 

     

      

Å Three terms to describe the precision 

- Standard deviation  

- Variance 

- Coefficient of variance 

   deviation from the mean (di)  . 

   



Expressing precision 

1) Deviation :     d = | xi - x | 

    Note that deviations from the mean are calculated without  regard to sign. 

2) Standard deviation   

The standard deviation measures how closely the data are clustered about 

the mean. 

 

      s = Õ [S(xi - x )2] /(n -1)               s  =  population SD 

        

               sum of square    degree of freedom        

A small s is more reliable(precise) than large standard deviation. 

 



3) Variance 

  The variance is the square of the standard deviation. 

        V = s2 

4) Coefficient of variation ; measure of precision 

 Relative standard deviation ;   R.S.D =  s / x 

 Coefficient of variation ;   CV(%) = (s / x ) ě100 

 

5) Range ; spread 

The range is the difference between the highest and lowest values. 

      Range   w = xmax -xmin  

Estimating the standard error of the mean  

         s x  = range / n 



Absolute error  and relative error  

 
Absolute error = the margin of uncertainty associated with a measurement 

Absolute error(°) = E = xi- xt  

 

Relative error(° %) = Er = {( xi- xt) / xt } ³ 100 
 

ex. Tolerance of A class transfer pipet  

     xt =20 ml °0.03 ml 

      Absolute error = ° 0.03 ml 

      Relative error = ° 0.03 ml / 20 ml = ° 0.0015 

      Percent relative error = ° 0.15% 

Results from six replicate determinations 

of iron in aqueous samples of a standard 

solution containing 20.0 ppm iron(III). 

E = 19.8 - 20.00  = - 0.2 

% Er =  {(19.8 - 20.00)/20.0} ě100% 

     = -1%  

*  xt : accepted value,   xi : observed value 



 Analyst 3 : precision is excellent  

                    significant error exists   

Absolute errors in the micro-Kjeldahl determination (   )  

Analyst 1 : relatively high precision  

                  relatively high accuracy 

Analyst 2 : poor precision  

                  good accuracy 

Analyst 4 : poor precision  

                   poor accuracy 



    2) Systematic errors  

        (mean)    (accepted value)       

        5- 3  analyst 1  2  analyst 3  4  systematic error   

           

                   

 Types of errors  

 

                 1) Random  (indeterminate)  errors:  

                 2) Systematic (determinate) errors:  

                 3) Gross errors 

1) Random errors  

        

   5- 3  analyst 1  3  analyst 2  4  random error   

      (6   ) 



3) Gross errors 

 

          (outlier)  

 ( ),      
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5B  Systematic error ; determinate error ; bias 

 

 

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. Note that bias affects all of the data in a set in the 

same way and that it bears a sign. Bias measures the systematic error associated 

with an analysis. It has a negative sign if it causes the results to be low and a 

positive sign otherwise. 

 

It is possible to avoid or eliminate systematic errors if  their causes are known. 

Their existence and magnitude characterize the accuracy of a result of 

measurement. Systematic errors affect the accuracy of results. The accuracy of 

the results decreases. 

 

Sources of systematic errors:  1) Instrumental error 

                                                2) Method error 

                                                3) Personal error  



      measuring device   error  

     )   , ,        

             :        

                         

                        

            Electronic instrument   error  

                 :         

                               

                                

                             

                 

              :   pH mater  acid error  

      dvibration Ÿ detectable, correctable         

 ͮInstrumental errors  



                

  ,  ,  ,  ,   

 3         . 

Ex) 

Å         

Å  5-3  analyst 3, 4  negative bias   

      -  nicotinic acid     

      -   H2SO4       

      - pyridine ring    nicotinic acid  H2SO4      

            

      - Potassium sulfate            

 ͮMethod errors 



 ͮPersonal errors 
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The effect of the systematic error on analytical results 

 Systematic errors   constant( )  proportional ( )  

 constant errors ( )    

         •       

         •     

         •      

  proportional errors ( )   

         •         

         •      

         •      



 ͮConstant errors 

    constant error   

  5-2    solubility loss     

           

    Å        

    Å     

 constant error          

        



 ͮProportional errors   

         interfering contaminants      

           /        

       Cu(II)  Fe(III)     

            
ex) Ca( ) + 2ICI Ÿ I2  

             kFe( )   

       Sample  2  Ÿ error 2   

           



5B-3  Detection of systematic instrumental & personal errors 

 Instrumental error  

    Å can be founded and corrected by calibration 

    Å     

    Å     interference     

          

       Ÿ     

        Ÿ 8C-1    

 

 Personal error  

   Å ,       

   Å Check instrument reading, notebook entries & calculations  

   Å    error       



5B-4 Detection of systematic method errors 

  bias    .  
            

          
d  5      



       The best way of estimating the bias of analytical method is by  

           the analysis of standard reference materials(SRMs) 

      
      SRMs :       analytes    

                            
      
        

           Å           

               

           Å         

           Å   ,         

                Ÿ     

      

           
         Å   NIST(National Institute od Standards & Technology)   

             1300   SRMs   

           Å     

 ͮAnalysis of standard samples 



Detection of systematic instrument and personal errors 

           Periodic calibration of equipment 

Detection of systematic methods errors 

           Analysis of standard samples (standard reference materials: SRM) 

             Independent analysis 

             Blank determinations 

             Variation in sample size 

 

Standard reference materials from NIST. 



http://www.nist.gov/ 



http://ts.nist.gov/measurementservices/referencematerials/index.cfm 



105.4 Toxic Substances in Urine (powder form)  

 

SRMs 2670a, 2671a and 2672a are for determining toxic substances in human urine.  

They consist of freeze-dried urine and are provided in sets of four 30 mL bottles -- two each at low and elevated levels.  

NOTE:The values listed for these SRMs apply only to reconstituted urine.  



 ͮIndependent analysis 

      

          

      (parallel analysis) 

        Ÿ       

           

    random error    bias  

         test   (7B-2) 



          blank  

           Å analyte      

           Å analyte environment (sample matrix)      

             sample constituent    

  

         blank determination 

           Å       

           Å blank material          

           Å    sample   

           Å      error    

           Å            

             data  

         

 ͮBlank determinations 



 ͮVariation in sample size 

  5-2:    Ÿ constant error   

 constant error:     



Summary 

Average ; mean 

median           

Geometric mean 

Harmonic mean 

Mode 

Range 

Deviation 

Standard deviation 

Variance 

Gross error 

True value 

Outlier 

Accuracy 

Precision 

Absolute error 

Relative error 

Systematic error 

Random error 

Bias  


