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= COURSE OUTCOMES

= Students are enabled to achieve
knowledge of

= @ Analytical chemistry

» @ Classical and electro analytical
techniques

s of measurements

lytical data treatment
-test,2.5d and 4.0d rules

» @ Significant figures




CHEMISTRY

The branch of science

hich gives information of
composition , structure &

properties of compounds.




The branch of chemistry which

gives information of separation,

identification & determination of

compounds which are present in

sample

/

* ANALYTICAL CHEMISTRY

ANALYTICAL CHEMISTRY
means what analytical

chemist do in the laboratory.

y




Two questions are
Important in
analytical chemistry:

What is 1t?
(Qualitative
analysis)

\ How much is it?
| (Quantitative
analysis)

\

Analysis




IMPORTANCE
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LITERATURE OF ANALYTICAL CHEMISTRY:

1) Reference books

» Name: A text book of quantitative inorganic analysis.
Author: A.l.Vogel.

https://chem.hbcse.tifr.res.in/wp-content/uploads/2019/10/vogels-
textbook-of-quantitative-chemical-analysis-5th-edition.pdf

Publisher. Longmann Group Ltd. London.

®» Name: Elementary practical organic chemistry.
Author: A.l.Vogel

https.//fac.ksu.edu.sa/sites/default/files/vogel_-
_practical_organic_chemistry_5th_edition.pdf

Publisher: Longmann Group Ltd. London (UK)

» Name: Quantitative Analysis
Author: Day & Underwood

http://rims.ruforum.org/FFFFO/day-and-underwood-quantitative-
analysis.pdf

Puiblicher: Prentice HAll 1] S A
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» \Vogels TEXTBOOK OF QUANTITATIVE CHEMICAL ANALYSIS 5th ed -
G H Jeffery.MsuCity.pdf



file:///C:/Users/DELL/Desktop/Vogels_TEXTBOOK_OF_QUANTITATIVE_CHEMICAL_ANALYSIS_5th_ed__-_G_H_Jeffery.MsuCity.pdf

» Name: Analyfical chemistry

Author: Gary D. Christian.

Publisher: John Wiley & sons, U.S.A

» Name: Fundamental of Analytical Chemistry

Author: Skoog and west

Publisher: Holt-Saunders, U.S.A

» Name: Comprehensive Analytical chemistry
Aythor. C.L. & D.N Wilson

ublisher: Elsevier publishing co. U.S.A.
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https://www.flip3r.com/scripts/un981c6l?a_aid=6445a45f&a_bid=c28f910b&data1=Comprehensive+analytical+chemistry+by+cecil+leeburn+wilson&chan=100_1B_203

2) JOURNALS

» Name: Analyst
Publisher: Royal society of Chemistry (RSC) Britain

Information:

» Name: Analyfical chemical Acta.
Publisher: Elesevier Publishing co. Natherland.

Information:

» Name: Journal of chromatography
Publisher: Elesevier Publishing co. Natherland

Information:
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3) ABSTRACTS

» Chemical Abstracts .

» American chemical society

4) REVIEWS

» Name: Progress of chemistry

Publisher: Chemical society, London

» Name: Crifical reviews in analytical chemistry
Publisher: CRC Press, Boka Raton
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METHODS MASS OF VOLUME OF
SAMPLE(mg) SAMPLE

MESO >100 >100
SEMI MICRO 10-100 50-100
MICRO 1-10 <50

ULTRA MICRO <] -




SAMPLING

SAMPLING AND METHOD OF

el Classification of analyses by sample size

depends on The

« An important factor for Quality Control

 Analysis Depends upon Sampling Size of Sample

Semimicro

Micro

Ultramicro




METHODS OF MEASUREMENTSs

1. Gravimetric Analysis : styeilM (el 518 UL WS 825 of ¥ Wil of MA@ Ual 53] BioY 825 &l
W5 54,

Three Methods are there :

(i) Precipitation (ii) Electro deposition (Electro Gravimetric Analysis) (iii) Vaporization Cutfate
@ Precipitation Method : elHell ML 2261 $18 ULL As 425 of WAAUa 53], JUNQL 53], aoel 531
UHLGL Y dlHl 1d 8. copper ) brass

electrode Electrolyte

Separating Mixtures: Evaporation

1 Bunsen burner

. Vglumetric Analysis Methods : el¥sil Hl 2&€lL bilel e t12s A & 53 o ulLsl &L €25 of |
HJQL MY LML u1d 8.

r Methods are there :
@Wxid Base Titration @ Redox Titration @ Complexometric Titration @ Precipitation Titration




3. Optical Methods : Usl2ily yta(d :
Bl Uer(d ML USL2L of ANBL, Gei%el, tleSIoL vial WAANNBL HIY dlHl 214 8. Optical analysis methods

(Specirometry, Photometry, Refractometry, Polarimeitry)

B. £l. NMR (Nuclear Magnetic Resonance Spectroscopy)

ESR ( Electromagnetic Resonance Spectroscopy)
AAS ( Atomic Absorption Spectroscopy)

IR (Infrared Spectroscopy)

U.V. ( Ultra Violate Spectroscopy)

€

N ‘

PRINCIPLE =
Sp

Measurement ol R1 ol unknown substance by measuring angle
ol refraction made when the substance is brought into contact
with the medium (prism) of a known refractive index
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4. Electrical
Methods : [agdly
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[agd udles il
BRI, L& S,

AHY HIUd LML
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onductometric
Method,
Potentiometric
Method,
Voltametric
Method, Coulomb
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5. Separation Methods : AA2{15W31 Ulere,dul :
olioll HL REEUL VS €125 of uilm e’ el wadils
sALMi 219 8.

B. &l. Chromatographic Techniques

* TLC ( Thin Layer Chromatography)

*HPLC ( High Performance Liquid Chromatography)
*GC (Gas Chromatography)

* Coglum Chromatography

¥ lon Exchange Chromatography eic.

I Quickly  Jon exchange
understand  Chromatography
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Advantages and Limitations of Chemical Analysis Methods -
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Advantages and Limitations of Instrumental Analysis Methods :
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Statistical Analytical Data Treatment :

Accuracy And Precision: Accuracy and precision are
both ways to measure results. Accuracy measures how
close results are to the true or known value. Precision,
on the other hand, measures how close results are to
one another. They’re both useful ways to track and
report on project results.

Conclusion

Accuracy Is the degree of closeness between a measurement
and its true value. Precision is the degree to which repeated
measurements under the same conditions show the same
results.



ACCURATE PRECISE




Difference between Accuracy and Precision

Accuracy

Accuracy refers to the level of agreement
between the actual measurement and the
absolute measurement.

Represents how closely the results agree with the
standard valve.

Single-factor or measurement are needed.

With Accuracy, Precision may be associated

Precision

Precision implies the level of variation that lies in
the values of several measurements of the same
factor.

Represents how closely results agree with one
another.

Multiple measurements or factors are needed to
comment about precision.

With Precision, Accuracy may be associated or
not



= Practice Questions

» Q1) The volume of a liquid is 26 mL. A student measures the volume and finds it to be 26.2 mL, 26.1 mL,
25.9 mL, and 26.3 mL in the first, second, third, and fourth trial, respectively. Which of the following

statements is true for his measurements?

® a. They are neither precise nor accurate.
b. They have poor accuracy.
c. They have good precision and good accuracy.

d. They have poor precision.

Answer: They have good precision.

Q2) The volume of a liquid is 20.5 mL. Which of the following sets of measurements represents the value
with good accuracy?

18.6 mL,17.8 mL, 19.6 mL,17.2 mL

19.2 mL, 19.3 mL, 18.8 mL, 18.6 mL

189 mL, 19.0 mL, 19.2 mL, 18.8 mL

20.2 mL, 20.5 mL, 20.3 mL, 20.1 mL

Answer: The set 20.2 mL, 20.5 mL, 20.3 mL, 20.1 mL represents the value with good accuracy.



Methods to express Accuracy and Precision :

For accuracy .

1. Absolute error: | True Value - Approximate Value |

2. Absolute average error:  (1/n) 2 |True Value(i) - Approximate Value(i)| = X - Xt

3. Relative average error: = X - Xt/ Xt * 100

For Precision :
1. Deviation: d=Xi-X
2. Average deviation : d = Z (Xi - X)/N -

3. Relative average deviation (RAD): = (d/x) * 100


Dell
Pencil


4. standard deviation: S = sqrt [ Z(Xi- X)2/ N ]

5. Relative Standard deviation (RSD) : = ( S/)a(j *100 %

6. Yariance (V) : S2


Dell
Pencil


The results of the volumetric analysis arel2.25,12.24,12.30,12.28,12.25,12.26 ml. Calculate
average, median, deviation, average deviation, relative average deviation, standard
deviation, Relative standard deviation, and variance.

1.Average: To find the average (also known as the mean), you add up all the
values and divide by the total number of values.

Average = (12.25 + 12.24 + 12.30 + 12.28 + 12.25 + 12.26) / 6 Average = 73.58 / 6
Average = 12.263 ml|

2. Median: To find the median, you arrange the values in order and find the middle
alue. If there are an even number of values, you take the average of the two
middle values.

Arranging the values in order: 12.24, 12.25, 12.25, 12.26, 12.28, 12.30

The median is the average of the two middle values: (12.25 + 12.26) / 2 = 12.255
ml

3.Deviation: To find the deviation for each value, you subtract the average from
each value.

Deviation of 12.25 =12.25 - 12.263 = -0.013 Deviation of 12.24 = 12.24 - 12.263 = -
0.023 Deviation of 12.30 = 12.30 - 12.263 = 0.037 Deviation of 12.28 = 12.28 -
12.263 = 0.017 Deviation of 12.25 =12.25 - 12.263 = -0.013 Deviation of 12.26 =

1 D2 19 DD — N NN



4.Average deviation: To find the average deviation, you add up the absolute values
of the deviations and divide by the total number of values.

Average deviation = (]-0.013| + [-0.023| + |0.037| + |0.017] + |-0.013| + |-0.003]) / 6
Average deviation = 0.018 ml

5.Relative average deviation: To find the relative average deviation, you divide the
e deviation by the average and multiply by 100%.

Relative average deviation = (0.018 / 12.263) x 100% Relative average deviation =
04146%

6.Standard deviation: To find the standard deviation, you square each deviation, add
up the squares, divide by the total number of values minus 1, and then take the
square root.

7. Standard deviation = sqrt(((-0.013)*2 + (-0.023)*2 + (0.037)*2 + (0.017)*2 + (-
0.013)"2 + (-0.003)"2) / (6 - 1)) Standard deviation = 0.020 ml|



8. Relative standard deviation: To find the relative standard deviation, you
divide the standard deviation by the average and multiply by 100%.

elative standard deviation = (0.020/ 12.263) x 100% Relative standard deviation
=0.163%

9. Variance: To find the variance, you square the standard deviation.
Variance = (0.020)*2 Variance = 0.0004 mI*2




Q Test for Rejection Criteria

LLWEROREEY). iSs a statistical test that can be used to determine if a single data point in a data set is
an outlier and should be rejected or not. To decide this Q test is commonly used in
experimental science to test for the rejection criteria of results. It was proposed by the Dean
and Dixon & useful for 3 to 10 results. According to statistics it is correct and useful test. With
the use of Q test we can decide that doubtful result can be reject or not at 90% confidence
level.
o perform g/Q-test, you need to follow these steps:

Arrange/the results of the dataset in increasing order
2\Calcuylate the difference between the outlier and its nearest neighbor (in terms of magnitude).
, & Xifsuspect)—Xi(nearest)
3.ANQ out range W W = Xi(final) — Xi (initial)
3. DyWde this difference by the range of the data set (the difference between the largest and

smalfgkt values).

N AN
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Where ad= Xi(suspect)—Xi(nearest) & W = Xi (final) — Xi (initial)
If the Qcal value is greater than the Qtab (critical value), then the

outlier can be rejected at a certain confidence level (usually 90%,

5%, or 99%). However, if the Qcal value is smaller than the Qtab

(critical value), then the outlier should not be rejected.

Significant Numbers : From 11 th Science



rGlomepave tenteshshatistibao tine lighesi Qakaduet SHice ihadeseptatstitativé4s)eganatpicthan B6ritnH d@nalevE.76), we can reject the highest value of 56.77 at a 90% confidence level.
herefore, we can conclude that the highest value of 56.77 is not representative of the sample at a 90% confidence level.

The amount of Fe in the sample is 56.77,56.50,56.47,56.46. Can we
reject 56.77 at a 90 % confidence level? Q90 = 0.76. Calculate.

To determine whether we can reject the value of 56.77 at a 90%
confidence level, we need to perform a Q-test. Here are the steps:

1.Calculate the difference between the highest and lowest values:
Difference = 56.77 - 56.46 = 0.31

2.Calculate the range between the highest and second-highest values:
Range = 56.77 - 56.50 = 0.27

3.Calculate the range between the lowest and second-lowest values:
Range = 56.47 - 56.46 = 0.01

4.Calculate the test statistic: Test statistic = (0.31/0.27) = 1.148



Compare the test statistic to the critical Q-value: Since the test statistic
(1.148) is greater than the critical Q-value (0.76), we can reject the highest
value of 56.77 at a 90% confidence level.

Therefore, we can conclude that the highest value of 56.77 is not
representative of the sample at a 90% confidence level.

2.5 and 4.0 d Rule for Rejection Criteria :

2.5d & 4.0 d Rule Calculation : Deviation in doubtful result/Average deviation of correct
results

@ Remove suspect result from the set

@ Find average deviation d of correct results

@ Find deviation of suspect result

@ 2.5 d rule for no. of results 31 or more and 4.0 d rule for no. of results less



» Significant Numbaers : From 11 th Science

» hitps://youtu.be/sS PufzR4 U
» Nifps://youtu.be/BWuUPVXxDb0bQ
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