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	3. INTRODUCTION TO ERRORS
•  Errors refers to the difference between a measured value and the ‘true’ or
‘known’ value.
• Errors often denotes the estimated uncertainty in a measurement or experiment.
• It is impossible to perform a chemical analysis that is totally free of errors or
uncertainties.
• Errors can be caused by faulty calibration or standardization, by random
variations and uncertainties in results.
• Frequent calibration, standardizations and analyses of known samples can
sometimes be used to lessen the random errors and uncertainties.
“We can only hope to minimize errors and estimate their size with acceptable
accuracy”
 


	4. “ERROR m ay  be defined as a
derivation from the absolute value or
from the true average of a large
num ber of results. ”
Types of Errors:
(i) Determinate or constant errors
(ii) Indeterminate or accidental errors
 


	5. DETERMINATE OR CONSTANT  ERRORS
 Determinate or constant errors are those that, sometimes unsuspected may be
avoided or determined and corrected once they are uncovered.
 They are usually present in each measurement and affect all observations of a
series in the same way.
 Determinate errors may be combated in analytic work
(i) by the use of calibrated apparatus,
(ii) by the use of blanks and controls,
(iii) by employing several different analytic procedures and apparatus,
(iv) by eliminating impurities
(v) by Carrying out the experiment under various conditions
 In pharmaceutical manufacturing, determinate errors may be eliminated - by
checking calculations and results with other workers.
 


	6. Types of Determinate  Errors:
1. Operational and Personal errors
 Due to factors for which the individual analyst is responsible and are not connected with the
method or procedure.
 Errors are mostly physical in nature and occur when sound analytical technique is not followed.
Examples:
a) Mechanical loss of materials in various steps of an analysis.
b) Underwashing or overwashing of precipitates.
c) Ignition of precipitates at incorrect temperatures.
d) Insufficient cooling of crucibles before weighing.
e) Use of reagents containing harmful impurities.
 Personal errors may arise from the constitutional inability of an individual to make certain
observation accurately.
 


	7. 2. Instrumental and  Reagent errors
 These arise from the faculty construction of balances, the use of uncalibrated or uncalibrated or
improperly calibrated weights.
 Graduated glassware and other instruments – attack of reagents, upon glassware, porcelain etc.,
resulting in the introduction of foreign materials, volatisation of platinum at very high
temperatures and the use of reagents containing impurities.
3. Errors of Method
 These originate from incorrect, sampling and from incompleteness of a reaction.
In Gravimetric analysis errors may arise owing to appreciable solubility of precipitates, co-
precipitation and post precipitation, decomposition or volatilisation of weighing forms on ignition
and precipitation of substances other than the intened ones.
 


	8. 4. Additive and  Proportional errors
 The absolute value of an additive error is independent of the amount of the constituent present in
the determination.
 E.g: Loss in weight of a crucible in which a precipitate is ignited and errors in weights. The
presence of this error is revealed by taking samples of different weights.
 The absolute value of a proportional error depends upon the amount of the constituent.
 Proportional error may arise from an impurity in a standard substance which leads to an incorrect
value for normality of a standard solution.
 E.g: Ignition of aluminium oxide at 1200o C the aluminium oxide is anhydrous and virtually non
– hygroscopic; ignition of various weight at an appreciably lower temperature will show a
proportional type of error.
 


	9. INDETERMINATE OR ACCIDENTAL  ERRORS
 Indeterminate errors manifest themselves by slight variations that occur in successive
measurements made by the same observer under identical conditions.
 Result from causes difficult to detect.
 Indeterminate errors are intangible and their elimination by the analyst is impossible.
 These errors occur by accident or chance and they vary from one measurement to the next.
 In a chemical analysis, the results of a series of tests, will yield a random pattern around an average
or central value – mean.
 Indeterminate errors cannot be allowed for or corrected because of the natural fluctuations that
occur in all measurements.
 These errors that arise from random fluctuations in temperature or other external factors and form
the variations involved in reading instruments are not to be considered accidental or random, belong
 


	10. to the class  of determinate errors – pseudo accidental or variable determinate errors.
 These errors may be reduced by controlling conditions through the use of constant temperature
baths and ovens, the employment of buffers and the maintenance of constant humidity and pressure
where indicated.
 


	11. M I N  I M I S A T I O N O F E R R O R S
1 . C a l i b r a t i o n O f A p p a r a t u s A n d A p p l i c a t i o n O f
C o r r e c t i o n
2 . R u n n i n g a b l a n k d e t e r m i n a t i o n
3 . R u n n i n g a c o n t r o l d e t e r m i n a t i o n
4 . U s e o f I n d e p e n d e n t m e t h o d s o f A n a l y s i s
5 . R u n n i n g o f p a r a l l e l d e t e r m i n a t i o n s
6 . S t a n d a r d a d d i t i o n
7 . I n t e r n a l S t a n d a r d s
8 . A m p l i f i c a t i o n m e t h o d s
9 . I s o t o p i c d i l u t i o n
 


	12. 1. Calibration of  apparatus and Application of corrections
 All instruments (weights, flasks, burettes, pipettes etc) should be calibrated and appropriate
corrections applied to the original measurements.
2. Running a blank determination
 This consists in carrying out a separate determination, the sample being omitted, under
exactly the same experimental conditions as are employed in the actual analysis of the
sample.
 The object is to find out the effect of the impurities introduced through the reagents and
vessels, or to determine the excess of standard solution necessary to establish the end point
under the conditions met within the titration of the unknown sample.
3. Running a control determination
 This is consists in carrying out a determination under as nearly as possible identical
 


	13. indentical experimental conditions  upon a quantity of a standard substance which contains the
same weight of constituent as contained in the unknown sample.
Wg. Calculation :
x = wg. of unknown sample
4. Use of Independent methods of Analysis
 In some instance the accuracy of a result may be established by carrying out the analysis in
entirely different manner.
Eg 1: Iron 1st determined by gravimetric method
Ppt of iron (III) hydroxide followed by ignition of the ppt to iron (III) oxide the
specifically determined titrimetrically by reduction to iron (II) state & titration with standard
Result found for Std
Result found for unknown
=
Weight of constituent in standard
x
 


	14. solution of an  oxidizing agent Potassium dichromate, Cerium sulphate.
Eg 2: Determination of strength of HCl
By titration with solution of strong base
By precipitation and weighing as AgCl
5. Running of Parallel determination
 Serve as a check on the result of a single determination and indicate only the precision of the
analysis.
 Value obtained for constituents
- should not be too small
- no vary among themselves by more than 3 parts per thousand.
If larger variation are shown, determination must be repeated until satisfactory concordance is
obtained.
 


	15. 6. Standard Addition
  A known amt of constituent being determined is added to the sample, which is then analysed
for total amt of constituent present.
 Difference btw analytical results for sample with and without added constituents gives
recovery of amt of added constituent.
Mtds mainly used in polarography & spectrophotometry.
7. Internal Standard
 It involves adding a fixed amt of reference material (internal standard) to a series of know
concentrations of the material to be measured.
Mainly used in spectroscopic and chromatographic determinations.
 


	16. 8. Amplification methods
  Determination in which a very small amount of material is to be measured this may be beyond
the limits of the apparatus available.
9. Isotopic dilution
A known amount of the element being determined, containing a radioactive isotope, is mixed
with the sample and the element is isolated in a pure form, which is weighed or otherwise
determined.
 The radioactivity of the isolated element is measured and compared with that of the added
element: the weight of the element in the sample can then be calculated.
 


	17. ACCURACY
o The accuracy  of a determination may be defined as the concordance between the data and the true
or most probable value.
o Accuracy is the agreement between the data and the true value or it refers to the closeness of a
single measurement to its true value.
o The accuracy is used to denote the agreement of an experimental result or the agreement of the
mean value X of a series of experimental results with the true value, and it is usually expressed in
terms of error.
o The difference btw the mean and the true value is known as the Absolute error.
o The relative error is found by dividing the absolute error by the true value.
o Relative error is usually reported on a percentage basis by multiplying the relative error by 100 or
on a parts per 1000 basis by multiplying the relative error by 1000.
 


	18. o The 2  analytical methods to determine the accuracy:
 Absolute method
 Comparative method
1) Absolute method
 A synthetic sample containing known amounts of the constituents is used.
 Known amounts of a constituent can be obtained by weighing out pure elements or compounds of
known stoichiometric composition.
 These substances, primary standards may be available commercially or they may be prepared by
the analyst and subjected to rigorous purification by recrystallization etc. – substance must be
known purity.
 Test for accuracy carried out and result expressed as parts per thousand, is a measure of accuracy
 


	19. of the method  in the absence of foreign substance.
2) Comparative Method
 As in the analysis of a mineral it may be impossible to prepare solid synthetic samples of the
desired composition It is then necessary to resort to standard samples of the material in
which the content of the constituent sought has been determined by one or more supposedly
“accurate” methods of a analysis.
 This method involves secondary standards.
 Standard samples are issued by CDL.
 


	20. PRECISION
o Precision may  be defined as the concordance of a series of measurements of the same quantity.
o Mean deviation or relative mean deviation is a measure of precision.
o Precision is a measure of reproducibility of data within a series of results.
o Results within a series which agree closely with one another are said to be precise.
o Precise results are not necessarily accurate – determinate error may be responsible for the
inaccuracy of each results in a series of measurements.
o Precision usually reported as the average deviation, standard deviation or range.
 


	21. PRECISION ACCURACY
Measure of  agreement among the values in a
group of data
Agreement between the data and the true value
Reproducibility of a measurement Expresses the correctness of a measurement
o Precision always accompanies accuracy, but high degree of precision does not imply accuracy
Eg: A substance was known to contain 49.06 ± 0.02 percent of a given constituent A. The
results obtained by two observers using the same substance and the same general technique.
Observer 1:
49.01, 49.21, 49.08: Mean = 49.10%
Relative mean error = (49.10 – 49.06)/49.06 = 0.08 %
Relative mean derivative:
[(0.09 + 0.11 + 0.02)/3] * 100/49.10 = 0.15 %
 


	22. Observer 2:
49.40, 49.44,  49.42; Mean = 49.42%
Relative mean error = (49.42 – 49.06)/ 49.06 = 0.73 %
Relative mean deviation:
[(0.02 + 0.02 + 0.00)/3] * 100/49.42 = 0.03 %
o The analysis of observer 1 is therefore accurate and precise; but observer 2 were usually precise but
less accurate than those of observer 1.
o The precision of a method is established during the development stage by the multiple analysis of
sample.
o Methods used to estimate the precision within a batch suffer from certain drawbacks.
 


	23. PRECISION MEASURES
RUGGEDNESS TESTS
Ruggedness  Tests describes the influence of small but reasonable alterations in the
procedures of the quality of analysis.
 Eg. of these minor variations are:
• Source and age of reagents
• Concentration and stability of solution and reagents
• Heating rate
• Thermometer errors
• Column temperature
• Humidity
• Voltage
 


	24. • Fluctuation
• Variations  of column to column, plate to plate, analyst to analyst and instrument to instrument
 The various types of inter laboratory checks should be carried out to ensure that the analyst who
developed the method is not the only one who can obtain satisfactory results from the procedure.
 All details are written into the testing directions and are not in advertently omitted.
1. ARITHMETIC MEAN
 The arithmetic mean x is obtained by adding together the results of the various measurements and
dividing the total by the number N of the measurements
ҧ
𝑥 =
σ 𝑥1
𝑁
Ʃ = Sigma – ‘the sum of’
 


	25. x1 = individual  measurement of the group
N = number of values
2. MEDIAN
 The median is a value about which all the other are equally distributed.
 Half of the values are smaller and other half are larger than median value.
 The mean and median may or may not be the same.
 It is the central value of all the observations arranged from the lowest to highest.
 


	26. MEASURES OF DISPERSION
  It is necessary to express the dispersion or scatter about the central value into quantitative
fashion so as to establish on estimate of variation among the results.
This variability is usually expressed as the range, the mean deviation or the standard deviation.
 The Range is the difference between the largest and the smallest value in a group of data and
gives a rough idea of the dispersion.
(i) Mean Deviation
• Mean deviation (d) for a sample i.e., sum of the deviation of an individual observation from the
arithmetic mean of the sample is obtained by taking the difference between each individual
value, x and the arithmetic mean x, adding the differences without regard to the algebraic sign
 


	27. and dividing the  sum of the number of values to obtain the average.
• The mean deviation of a sample is expressed as
𝑑 =
σ 𝑥𝑖 − ҧ
𝑥
𝑁
 𝑥𝑖 − ҧ
𝑥 = 𝑠𝑢𝑚 𝑜𝑓 𝑡ℎ𝑒 𝑎𝑏𝑠𝑜𝑙𝑢𝑡𝑒 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 𝑓𝑟𝑜𝑚 𝑡ℎ𝑒 𝑚𝑒𝑎𝑛.
N – number of measurements.
d – Mean deviation
xi – Individual measurement
x – mean of the measurement
 


	28. (ii) Relative Average/Mean  Deviation
• It is the mean deviation divided by the mean.
• It is usually expressed in terms of percentage or parts per thousand.
Relative mean deviation = × 100 %
(iii) Standard Deviation (𝝈)
• Standard deviation is the square root the mean of the squares of the deviations.
• This parameter is used to measure the dispersion or variability of a large number of measurements.
• The standard deviation S is often used as a precision measure.
• Actually standard deviation has been found to be more reliable than the mean deviation or relative
mean deviation.
Mean deviation
Mean
 


	29. 𝑠 =
σ 𝑥𝑖  − ҧ
𝑥 2
𝑁
, 𝑤ℎ𝑒𝑟𝑒 𝑁 > 100
For a small sample the equation is written
𝑠 =
σ 𝑥𝑖 − ҧ
𝑥 2
𝑁 − 1
Where, (N - 1) – number of degree of freedom. It replaces N in order to reduce the bias of the
standard deviation (s).
 


	30. SIFNIFICANT FIGURE
• A  number is an expression of a quantity.
• A figure of digit denotes any one of the ten numerical.
• A digit alone or in combination serves to express a number.
• A Significant figure is a digit which denotes the amount of quantity in the place in which it
stands.
• The digit zero is significant figure except when it is the first figure in a number.
• Examples:
1. In the quantities 1.2980 gm and 2.0098 gm – the zero is significant, but in quantities
0.0024 kg – zeros are not significant figures.
2. In case of the number 432 , the figures signify that there are 4 hundreds, 3 tens and 2 units
and are therefore all significant.
• A zero is not a significant figure when it serves to locate the decimal point.
 


	31. Computation Rules and  Rules for retaining Significant digits
Rule 1: In expressing an experimental measurement, never retain more than one doubtful digit.
Eliminate all digits that are not significant.
Rule 2: Retain as many significant figures in a result or in any data as will give only one uncertain
figure.
Eg: volume known between 20.5ml and 20.7ml should be written as 20.6ml, since the later would
indicate that the value lies between 20.59ml and 20.61ml.
Rule 3: In Rounding off quantities to the correct number of significant figures add one to the last
figure retained if the following figure is 5 or more.
Eg: A value 0.26257 – rounded off to 0.2626.
Rule 4: In addition or subtraction, there should be in each number only as many significant figures
as there are in the least accurately known number
 


	32. Eg: Addition of  168.11, 7.045, 0.6832
168.11 + 7.045 + 0.6832
168.11 + 7.05 + 0.68 = 175.84
 The sum or difference of two or more quantities cannot be more precise that the quantity having
the largest uncertainty.
Rule 5: In multiplication or division, retain in each factor one more significant figure than is
contained in the factor having the largest uncertainty.
 The percentage precision of a product or quotient cannot be greater than the percentage precision
of the least precise factor entering than the percentage.
Eg: Multiply 1.26, 1.236, 0.6834, 24.87 – the result is expressed in three significant figures.
Rule is generally used for quick estimation of the number of significant figures in the answer.
The number of significant figures to the number of digits which are necessary to express results
which are consistent with the precision of the measurement.
 


	33. Rounding
o Rounding is  the procedure of dropping non-significant digits in a calculation result and adjusting
the last digit reported.
1. If this digit is greater than 5 or 5 followed by non zeros, add 1 to the digit to be retained and
drop all digits farther to the right.
2. If this digit is less than 5, simply drop it and all digits further to the right.
3. If this digit is simply 5 or 5 followed by zeros, and if the last digit to be retained is even, just
drop the 5 and any zeros after it. If the last digit to be retained is odd, add 1 to it and drop the
5 and any zeros after it.
 


	34. STATISTICAL ANALYSIS
1. Absolute  and Relative difference
2. Mean value and Deviation
3. Average deviation of single measurement is the mean of the deviations of all the individual
measurements.
4. Average deviation of mean (D) is equal to the average deviation of single measurement
divided by square root of the number of measurements made.
𝑑 =
σ 𝜎
𝑛
n – total no. of values
σ 𝜎 – sum of all deviations
𝐷 =
𝑑
𝑛
 


	35. 5. Standard Deviation
6.  Standard deviation mean (s) is obtained from the standard deviation by dividing it with square
root of number of value.
7. Median value is half way between series in ascending and descending order of readings.
8. Relative standard deviation also called coefficient of variation.
× 100,
𝑆×100
𝑚
9. Range
10. Confidence limits
𝑠 =
𝑠
𝑛
Standard deviation
Mean
 


	36. NORMAL DISTRIBUTION CURVE
(The  Gaussian Distribution)
• When we perform a specific assay several times on the same sample, we find that all the results
are not the same.
• If the method is reliable and the analyst is meticulous, the values will all be reasonably close
together, but they will not be identical.
• When we graph the data, plotting the assay values obtained on the x axis and the number of
times each value was seen (Frequency) on the y axis, a symmetrical bell shaped curve is
generated. This graph is called Normal distribution curve or Gaussian distribution.
• Developed by Karl. F. Gauss.
 


	37. Frequency
Value
Fig 1: Gaussian  Distribution of Values.
Normal Distribution curve
 


	38. THANK YOU.. .  .
“ THE BEAUTY OF CHEMISTRY IS THAT I CAN
DESIGN MY OWN MOLECULAR WORLD.”
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