and handle chem‘icals Chemicals are,» by and largerdangeroas' 57‘:“7’”'%'5’ n
There are several chemicals which are corroswe, ﬂammable, X t.; |

“toxic, carcmogemc and poisonous. So a student s health will be
if he or she does not know how to store and handle these sub

.....

-

 carefully. R i s -.T'

- a
f,i,.

’-

Hyglene means conditions or practices conductlve to mamta it
: ‘.’!‘
health so if a student does not want to spoil his or her health whlfe ".!.

.

expenments he or she has to follow certain condltlons and practl es
rr- P

the iaboratory. Thus laboratory hyglene and safety assume ungo _

i1 the life of a student who practises chemistry.

el

" Storage and Hahdlihg of Chemicals

1. Corrosive Chemicals
Chemtcals which corrode or destary gradually, skm

metal etc are called corrosive chemzcals

d . o - “* = - F—— ? - . ] [T T | -L -1
4 e
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- it spilling them on the floor, table gr person. ‘u;;:;

-
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wbbensed apron may be used to avoid acc1dental splllag on the
the cloth. Sodium hydroxide pellets or sticks should not be k nﬁ P

I '
A pair of forceps is to be used for this purpose. Chlorine and by

o
must be handled infume cupboards only without allowmg their vapy
to come into contact with nose, eyes or skin. - - 35 '
2. Flammable chemicals - ' ﬁ
Chemicals which catch fire on exposure to air or on heatm ' ver ¢
A e G on=r :
naked flame or in a warm surrounding are called ﬂammable che nical,
_ . 1'1 '
~ Examples : Py t.’f‘(.%

w Ether, benzene acetone, carbon disulphide, alcohol ~=
| pOtassmm etc.,

Storage : ' - _ | R f:.
They should be Kept in bottles with tight lids in a cool piace S

and potassmm are to be stored under kerosene only.
vm

1*""" -

'Handling :

I'hey should not be handled near bumlng burners, h at _' _
ld not be heated directly, over a flame. ‘They should t
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atplade viaienrly MW
are callec explomve chemicals. G by 4'!' ;

},

|I'\ l!}i ‘+ iy & . .--"t .
Examples o | i b

'. B Chlorates perchlorates mtrates ethers, Eeroxrdes, p

' compounds etc. . "
Storage.: | e

They should be kept in such a way that there 1S no empty space
above them in the container in which they are kept. They must be stored

macool place. | et
e = P

My =
- . i
3
iy

Handlmg s AR
They must be handled W1th all windows open and wit exhaust fanon. - E

: ~ ad ""-L -:"-':-I' '

They must be very carefully heated or ground. b
R S W S -

4. Toxic chemicals. 4
They are substances related to poison: When taken in, they produce -
| | ‘.———_———-—-—_--—. : ._*"-.- -

ill eﬁ‘ect&cr@a!ing healtlr problems. |
- f* .
Examples : y:
Benzene, toluene, chloroform, carbon tetra chlorlde naphthaleneﬂu 0
. Alm | NS

[Note Almost all the chemrcals are tox1c]

Starage 3 ,h,’[x M

They must be stored in well sealed bottles
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1s stored in dark brown / blue bo agv



f""“' :-i'*:'*, m mmt not be mhaled

*’* !byhepiug the test tube containing the toxio
m nose and waving the vapours towards the nose and

and in smahl quantities. They should not be handled by n ;ﬁ

Gloves must be used while handling them. _ ., -!-

S. Carcinogenic Chemicals

~ Chemicals which cause cancer are called carcmogemc g
QU e s T .o i

Examples :

Naphthyl amines, salts of napthyl amines, aziridine, 1 e

1 o . I'I‘ i
Tty A 1
ol 'y 45 'F'
! * 1 __‘.
< Lot~ ot
. ?-' i . '
# F a
1 = ] s d
] f il
— S
L - %

benzene (causes blood cancer), benzphyrene thlourea dlazome ne,

e s . “T‘__,_.

'C_ignethyl sulphate, N - nitrosocompounds, etc. .

Storage . | S e _ ‘ o :Kr
They should be stored in locked containers inside fume cup b 0

Warning lables showing a skill and a pair of -erossed bones sh
pasted onthe contamer s Caoe s E

andling -

Y hey must be handled only with gloves on. The vapour&m ‘

be mhalefl They should not be *allowed to come lnto conta
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- m miurious to health in sameway, which

- course of tlme are toxic.

Examptes. St

| Handllng - | 5, 8 | "'T"* '.'_.-.
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Benzene toluene, xylenes, napthalene anilines, CHC]3, CCl
hydrazine, salts of Pb, selinium compounds cyamdes telluf

compounds, chromium compounds, vanadium compounds arseme?-

compounds etc. | ey b e . ,

Storage : _
They must be stored in well sealed tubes. They should be labelled

as poisons. | v , ket *- A Ly

They must be handled only with gloves on. The vapours should not

be mhaled They should not be allowed to come into contact with the

skin.
- Unversity Questions

. Give two examples corrosive chemicals- PR k

."".___. | +_I
S

2. Explam the methods used of the storage and handlmg of COIT

reagents.

% : ' 4
+

3 Mennon an example for a flammable chemlcal
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In analytical chemistry were are going to get a lot of {ata. | ‘
analyse and mterpret these data? This we shalI see in thlf's chap ‘

l/ERRORS IN CHEMICAL ANALYSIS

Definition of Error : |
The difference between the measured value of a prOperty

accurate value is called the error.

Explanation :

During chemical analysis we measure the value of a partlcular pro‘_ er
E.g., we measure the weight of an object or the volume of a solutlon
Accurate results will be got when persons with great skill do the

measurements with best instruments. This is nearly impossible. Usna‘lﬁly,
the measured value of the property will never be the accurate value of the

property. The difference between these two is called the error, Such
errors in measurement will affect the accuracy and precision of the propelty
that is measured So, the analytical data so obtained becomes unrellable-r |

~ " “In the following pages we shall study about such errors in chelme?l
| | . &l

#
Ll |

analysis.

9'3”ss1ficatlon of Errors : _
~ The errors that arise in a chemical analysis are claSSIﬁed

) types They are

i Determinate errors R
Indetermmate errors (or) Random errors. y



" The are erfors whnch have u"twﬁnite value an.
" cause. The analyst can measure and account, for these SITO! .,}
- beavoided. They are ‘unidirectional i.e., the errors will be either m

 less than the accurate value. From this, they can be 1denfiﬁed 1 3

Sources of these errors :
.. Defective instruments AR SR
ii. Careless operation
ui. Procedural defects

Classification :
1. Instruments errors.
1. Method errors .
. Personal errors.

i. Instrument Errors :
¥ When we use balanoces, weights, pipettes, burettes etc., we nust
make sure that they are not defective. For example, a welght marked 1 *"
may not be 10g after all. So to avoid these errors one must use bes
instruments. Periodic calibration of apparatus and weights is a m
These errors may be identified by changing the instrument, the CITOL Y
also change.

J|

E&-

Methods Errors :

i '
~" These are mtroduced by defectlve expermental procedures. E

w., '-;

a. Co - precipitation or post precipitation in grav:metric
b. Usage of improper ,_mdlcators in volumetncranaly-sls.

.

These are difficult to identify. So these are the most senous of
l:hree types of determinate errors. So to avoid these, one mustbé horoug]

_.J' -

ththetheoretlcal part of the experiment T T ,,41 :.-_I. ...,,
- . - ;: 0 ¥ !} ,_

1
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:mermenwermrs will be mtmduced by a perwtt
‘person with defective eyes will mvartably note. read ra

~ Carelessness, fat.lgue and improper 1nstruct10ns from the ac ;i

introduce these errors. Several mistakes may creap in Eg., *’Ff?
calculations, wrong placement of decimals, noting wrong signs, ¢ s‘* ;

, results etc. These can be avoided if one works scrupquust m u e

laboratory. These are identified by the fact that these errors ehange when
the measurement is repeated. |

J.

Determinate errors may also be classified as being either -
I. Constant Errors and 2. Proportional Errors. =~ [ =~ e

1 /Constant Errors : - 7

These are errors whose magnitude is independent of the size of the
sample taken for analysis. For example, let us say that 0.5 mg of percrpltate
1s lost when washed with 200ml of the wash llquld. Now, if we wash A0
500mg of precipitate with 200 ml of wash liquid 0.5 mg of the precipit'?até,-* 4
will be lost. So the loss 1s (0.5 x 100) +=500=0.1%. Let us assume that we

‘wash 50mg of the precipitate with 200ml of wash liquid, here also 0. Smg 0§
will be lost. So the loss is (0.5 x 100) 50 = 1%. - s ,

" Thus we find that a constant error will become more serious as the
,.;
size of the quantity measured decreases., So to minimize the effect of £3
constant error we have to use a large, sample. [Please remember that m H-r‘
" our experiments in gravu:netrlc analysis the solution to be estlmate is Sﬁ A -J;%,I .

prepared that the weight of the prec1p1tate is around 0. 2g] - .,,.

-

2. Proportlonal Errors : ,

These are errors whose magmtude increases or d- ﬁ.
propomon to the size of the sampel taken for aual&siq’é
imp iti es*m the sam;ale. If not removed wall causea )|

i mﬂs‘[‘* 'i‘f[

-. |.‘|I I-'_Iﬁ.- '



3 mmt:eatment ' | : e

‘Determinate personal errors can be mlmmlsed by care
discipline. Instrument readings, note book entries and calculatlom
be checked systematically. _. T .y

L3
g

Determinate method errors are particularly difficult to detect.
may be corrected by one or more of the following procedure.

I.  Analysis of standard samples : ;

A method may be tested for determinate error by analysis of &
synthetic sample whose over all composition is known and which closely
resembles the material to be tested by the particular method. = '

2. Independent analysis : |
When samples to be analysed are not available in a pure state this

method is used. The sample is analysed in a particular method. Then it
anlysed by a different method of established reliability.

-

3. Blank deferminations :

Constant errors affecting physical measurements can be frequently-
evaluated with a blank determination in which all steps of the analysis are

performed in the absence of the sample. The result is then applied as a
correction to the actual measurement. This method is useful to correct

errors that the due to the introduction of interfering comtammants &m

reagents and vessels employed in the analysis. ThlS method 1s useful to
correct titration data in vo]umetrlc analysns

4. By taking large sample size : ,
We know that a constant error decreases as the size of the sai

increased. So, to correct such type of errors large sample size w

alalysm. | O RS T w,«t-_{,_ﬁ o
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L lnstmment uncertalmtres ,

ii. Method uncertainities y

Personal uncertalmtres.

Identrf cation :
Indentification of indeterminate errors 1S dlfficult Seatter"
about the mean is the effect of an 1ndeterm1nate error |

: -
Ry
»
!— =
'EF;', .",_ :*.

Error Analysm | 5 B e

When indeterminate error or deviation from mean (dm) is plotedaga nst ""‘-
its frequency (f) we get a curve as shown in figure. This bell shaped
curve is called Gaussian of normal error curve. The properties of this
normal curves are i

.

L The frequency is maximum where the indeterminate error is nil.

11. There is a symmetry about this maximum, suggestmg that posr.tme :

B
Bl
!
and negative errors occur with equal frequency. =~ .}"

iii. As the magnitude of the error increases, the frequency decreases
exponentially. -
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”%4 leterminate errors follow this

Gnmian type distribution. Fore€. g.,
if the deviation from the mean (dm)

of hundreds of repetitive weighing
measurements on a single obj ect, are
plotted against the frequency (f) of
" occurrence of each deviation we get
a curve a shown in figure. This curve
proves the fact that a number of small
independent and uncontrolled
uncertainities are there in our normal _ ¢ 4
measurements. 5 : - dm

~ These uncertainities manifest in the result.

This Gaussian distribution of most analytical data permlts us to

statistical techniques to estimate the extent of indeterminate errors. Th
we use several statistical techniques like mean, median, average deVIatlo
- standard deviation etc while analysing our experimental results .

.

l...'

-,
-

Minimising Errors : T ' '
From the above discussion it is clear that, if we want to mmlmlsef

error we have to minimise determmate as well as 1ndetermmate errors

To minimise determinate errors we will havc to use standard.
mtematlonally accepted instruments. The varlous measuring aids must
be calibrated periodically and got certified accordmg to international
standards. All reagents must be properly maintained. Dependable F
_ procedures must be adopted to avoid methodic errors. To avoid person
errors one must be careful and honest i 1n recordmg the observation. It

 human tendency to manipulate results to get h1
gh de ree Of r o1
Thls tendency must be avoided. : ; 5 eclf, o

N ==




mbﬂuwlng m some other )|

~ Blanks experiments are to be conducted Mm ”“" e
At ;, ,+plh-%_s:_,'§n_-,_-'-j"-_1.

2. Atmost care is taken to avoid personal errm‘s‘, ; _;, thmatic r

-—|ll
L

M- N _
g
o

etc., should not be committed. SR e
'3, While taking readings one must be very careful to nete "x"'ﬂ
readlng | - '_ - e

4.  Without getting proper and complete instructions, the expe
- should not be done. _ _ 45 *nl
5. When one becomes tired, the experiment must be stoppetl m #. "

"'-lf'

| convement place and continued after taking sufﬁCIent rest “
2. PRECISION 2 G
Definition : .~ | | | i
It is the degree of aggrement between two or more measured valuee e
of a property measured under identical condition.: . &2 SENET . g

{
e
N " . F'-

Explanation with example : | 2
Let the weight of a beaker be 20. 0326g when weighed ina paftmtﬁar b

set of conditions. Ifthe same beaker is weighed under identical condttttms N
and if the weight got is the same 20.0326g then we say that there is prec1310et
in the weighing. Thus if a value is reproduc1ble then it called a pr-

v 2 "

value.

Precision and range of a set of value : S0 e ;
The differenses between the highest and lowest values in a_ :; - of

values is called the range (W). This range is a measure of preelsi on.
range is wids then it means that the measurement 1S less pre X

.3 s ACCURACY*

Definition : -
DA Its is the degree agreement between the

i |[
rk + RS
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Methods of expressing accuracy :
Accuracy is expressed in term

The lower these values are, the more

will be the accuracy.

Absolute Error (E) : i s
Definition: - -
1t is defined as the difference between the accepte

d value (x,) at
the observed values (x.). Mathematical expression : E =X, —X;. |

- Relative Error (RE) :
Defnition :
" 1t is the error percentage the accepted value.

Mathematical expressionl :

; E

RE = x 100

o

Advantage of relative error over absolute error :
Absolute error depends onthe reliability of the accepted value it se

as a lot of uncertainity may be there about the accepted value. So relative
error is used more often to express accuracy. B ’

s

~ Distinctions between Absolute Error (E) and Riela’ti've Error (R "

E I ‘ i "--'RE .,\

| Definition  E=xi-x¢ RE = (E/x)x 100
| | = (xi—x¢/xi) x 100

| —

' .
More useful
. ' MRSy
|
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Pmlsion

AR Degree of agreement between
a value and other values
obtained under substantially
the same condition.

2. Precision may be achieved.
e ————————————

E.;J

Expresses the reproducibility

ofthe @ .

b

But as the answer doesnot agree with the expected value, it is not
accurate. Thus as precise value may not be an accurate value.

' Degree of agr

One must clearly understand the connotations of the terms prcc1sron ¥
1 and accuracy. An understanding of the two terms will make 1t clear rhat

. high precision does not imply accuracy. We can prove this with an
example. In a volumetric estimation one may get concordant titre values.

Yet the result may turn out to be wrong. Here as concordant tltre valucs
have been got, the result is precise. |

measured value aﬂd h
or expected value
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Accuracy is never known. I

V—————-——-—
known within certain lmnts

Accuracy Wd ""3-
IQV@I‘ attame -

Expresses correctness of a

mEasurementy

I-l-"*'

-

tj‘i "'

I L —_

i [ - 1 -

L 2" b y
| | .
L] L - L
Ly - ";J .

] = = -
-
a~
I

} 3!“‘: :

S
1

=

u§
A

“EEES >
— Y ._ ]

reason for this may be a determinate error like instrumental error or

operative or personal error like personal carelessness or even some

unknown indeterminate error.

Confidence limits :
Definition :

They are the limits, which may be set, about the
; measumd mean (x), with in which we may expect to
with a.;g}wfmdcgcofﬁproabcblhty.

|
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How near or how far away is x from p *. O #
limits. Within these limits we can find p wit obal
The interval between these limits is called th

size of this interval depends on the degree of pro
we want 99% pl‘Obablllty, the intervel will be small 99% probabxhty ne

~ that 99 times out of 100, the true mean will be w1th1n this intervel. Sum a

we can choose 95% probability, 90% probablhty etc., dependlng
our needs. This percentage probability is called conﬁdence level

e confidence mterva
bability that we | w

|‘-'

" Mathematical expresswn of confidence limits : ‘fg; 3 =
a. When the standard deviation is for a small number of measureme v
o (standard deviation, applicable only when the number of measure :.
is large) the confidence limit for a single measurement for p is gi’vf'ep‘

g=x *°Zo

- X—=H
WhereZ =—v—x——

6]

The confidence limit for the p of N measurements is gwen by

_‘_ ". A
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h=x %

B ‘When o is unknown Confidence limit for u of N measurem nt {
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Thus we fmd by applymg statlstlcal methods wﬁg can fix the ¢
limits within which the true average of a set of expermlm e
found for various confidence levels of probabilities. For t
known the values of Z and t WhICh are readily avallable in hte

5'
nq'ﬂr

| ;’ 1 ?I Y
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Rejectlon of Results : -
In a set of data we come across one or two values that are susplc 0 -

Whether to reject such a data or not would become dlfﬁcult In 0"
cases we employ a test called Q - test. In this Iest we compare |
- Q - values. ' ' | Ll L Jc
1. Qekp and ii. Q s It Qexp A0 & then we reject the data. If not,, w_w 1 _
retain the data. | -l

To get Q _ the difference between the suspicious value and lfts-
8¢t Nexp

nearest neighbour is divided by the spread of the entire set.

To get Q . the following table glvmg various Q values 1S used

crift

_90% confidence 99_,?_A conﬁdén’ghr? _.
| 0.94 - 098 | %

- - 0.85 o8
073
064
059
. 054&. <l

l-l:"'Il

Number of

observations.




e "'!U*Jk#‘

': _____ : h [‘i.? ,"'3"-.*,@5 | mw}wfg - ﬂ th"h 'i' 1:.-":1..&4“
ﬁ ‘i@m 55,95, 56.00, 56.04, 56.08, 56.23.
’t wlua and so we have to decide whether to rejeet‘ w. or

=

For this set of data Qm‘p = (Suspecious value —Its neareSt neighbe
+ the spread of the entire set. |

-
,,
]

= (56.23 - 56.08) + (56.23 = 55. 95)
=0.15+0.28=0.54

~ Now let us say we want our results in 90% confidence level i.e., out
result should be 90% asnear to the correct value then we Iook under 90%

confidence column of the table. Since we have 5 observatlons we look f

Qi a2ainst number of observations 5 and under 90% confidence. The
value is 0.64. -

Since Q. We conclude that the value is to.be retained.

Though the Q - test is superior to other methods one must be careful
while deciding to either reject or retain a particular data using this test.

One has to use one’s good judgement in deciding. Where the number of

observations are small the reliability of Q - test decreases So, to rejecta
value in a small set a cautious approach is desirable e -

4. SIGNIFICANT FIGURES

They are figures in a number which contains only digits kno% with
certamty plus the first uncertain one. by ' e
Explanation : A il S

x ,about it. There is a |
at 1t contalns

only one figure about which there is uncertamty The practlce 1s called

| mgmﬁcant figure convention.

'a'-...;llf the weight in a weighing is wn With cma e
| '“.' ii_.{ 1¢ :-;;* lﬂ\e V;ame Sﬁ@lﬂd bel ‘ Ttey only- Sy olly upto
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ent features 7 Pointsto b borns in min

counting the number of ﬂgurs from left to rlght in the n m.?‘:*"_rr egir
with the first non - zero digits and continuing till reachmg oit t

contains the uncertainty.

55

~Examples :
. Each of the following has three significant ﬁgures 583. 0 234
0.00987 and 65 4.

= | )

2. Zero is a siginificant figure when used as a number. It is not a
significant figure when it is used to locate decimal pomts in very'
small and very large numbers. E.g., 0.02670 has four SIglnlficant.'= s
figures. The two zeros before 2 are used to imply only the magnitude.
So they are not significant: The zero beyond 7 is significant. ~

3% - The value 6.030 x 107! has four SIgmﬁcant ﬁgures while 1 45 x 105has ,‘ A
three significant figures. | . _ [T

Using the above, one can determine the number of significant figures

in a given number. | A

Its importance or Uses : |
In presenting scientific data, one comes across a set of values. Fm'

this set of values, one gives their mean or median as the best value.., N ._" i
the uncertainty about this best value must also be lndlcated 1 ‘L '_
presenting the data. To achieve this, usage of significant ﬁguras
helpful. On several occasions one has to round off numbers
meaningful results. For this, the practise of rounding off tq
which contains only one uncertain figure in it, is adopted Thus sigt

| ﬁgures become important. * . s
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' ercents
L‘ In this method the precrswn is exPTeSSCd in terms of p e
dé\nltta from the mean of a set of values. : e

Mean of a set of values

P | minus a particular value
‘ i.e., Percentage deviation _ R . X s
from the mean The mean |
X—X. o
= o100
X
To understand the above two methods let us learn some terms usﬁ “.j
in statistics. o’ | Rt
" Mean / Artithemetic mean / Average : | :
Mean is the quotient obtained when the sum of a set of replica“te"""
measurements by the number of individual results in the set. The followmg'
worked out unvers:ty problem would 1llustrate mean.
Problem :
Calculate the mean for the followmg set of values 20. 21, 20 04 20.13
‘and 20.19
- Solution : |
Mean (20 21 +20. 04+20 13 +20 19) 4 = 80 57 4 20 14

b Medlan - AE
i . It is the value about which all other values are equally dlsm

f the values will be greater and the other half smaller thm,t he e “’“

'i] F

e - e me ;an is obtamed by arrangmg thc set of value

.:!H! 'b, [. ; - - E
( 1 <
: ra 3 If ‘L; . 'ih”e'itr u':.--;;a.ri’ YT vahiae
" - i. :i:b o 5 m!i:h 4-1;; L “ y rl:*'n‘f‘}"ffi?‘: :.‘fi: a1
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Calculate the medlan for 20.20 20 03 and 20.32

o

_ -ag;_s

'I"ll
'ﬁ

1‘—1

Solution : .
Arrangmg the values in mcreasmg order we get 20. G‘I,

20.20. This set contains odd number of values Therefore the; ,-.'..

this set is the mlddle value i.e., 20.08. ' Sh s oA _.;..:
"Prablem; . ‘ o LA H
Calculate the median for the following set of values 20 21 2 04, &
20.13 and 20.19. | f“'?_- .
Solution : Ton e PR

Arranging the values in mcreasmg order we get 20 04, 20. 13 20 19 |

. and 20.21. This set contains even number of values. Therefore the median | ! "
~ of this set is the average of the middle pair of values 1.C. (20 13 - 20 19)
+2=40.32+2=20.16 | i e
Distinctions bet_Ween Mean and Median - T i
-" Mean S ~ Median 1
| Definition It is the quotient obtained It is the Vahie A
when the sum of a set of which all other 4
‘replicate measurements by values are eqw
the number of individual S dlsti'lbuted 20 0¢

results in the set.

g Examples 2009 o i
~ Date:20.20 L | el
. 2008,2001 - &
men Beﬁer than medxan
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I from their av rag

g ﬂe‘watie“ M a,

To get the average deV1at10n

The average of the given set of values is ca
I m the average is calculated.
oring signs) glve the av
Umver51ty problems w

-

lculated L a' -

Fi

ii. The deviation of each value fro

iii. The average of all these deviations (ign
deviation. The followin g worked out
* illustrate average deviation.

- Problem :
Calculate the mean (average) deviation for the followmg set

values : 20.21,20.04, 20.13 and 20.19.

o “
&
i =

Solution :
Average of this set =(20.21+20.04 +20.13 +20.19) =4

=80.57+4 =20.14.

—_— — = -

Value Deviation from average

2021 20.14-20.21=0.07

20.04 _ 20.14-20.04=0.10

20.13 _ : ' 20.14-20.13=0.01

20,19 20.14-20.19=0.05 . @
Total of deviation from average @ = 0;07 +0.10+0.01 + 005
= 023
- Mean deviation | | = 0;2'3 +4=0575 . '

e Its usefulness :

ol
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ﬂi‘e squarc root of the quotiem‘, obtair inec y Y

ﬁw squares of the individual deviations from their nean by th
~ measurements made. S

-,

G a"i’

or

Standard Sum of squares of individual devratien roi
deviations their mean + Number of measurements m:

|

I .
.'_-. 1 o
T

Explanation :
To obtain standard deviation.

..  The average (x) of the measurements (x. ) 1S calculated
ii. The individual deviation of each measurement from the average

(x. — x) is calculated. ek

11l Each individual deviations is squared (x. — X 2
iv. All the individual deviation square are added \lE(x

v. The value obtained 1n step. A
vi. Itis divided by the number of measurements made Z(x 3)2 + N. |

vii. The square root of the value obtained in step.

v. Gives the standard deV1at1on Thus standard deVIatlon
C = \/E(x —x)" | | =5

" e

-

".' =

i
¥ i
i

o is applicable only when the number of measurements is large.
in analytical chemistry we make only a small number of measurements' ‘
in step (v) instead of dividing by N the value obtained in step (‘t

“divided by N — 1. The standard deviation for a small w 0

ZX: — x) —-(N— 1). -

- measurements s =

Example / lllustratidn > e
The following worked out university problem WO j‘ d 1
' -standard devratlons is obtained from a set of data £

"S’"
hf:k,»lﬂ“



= Caleua-ltion of Z(x. - x)’

. e ‘ |
m ey o 144xé "
s - ~0.007 . dhoi t
7.736 ‘ 0.004 . tcfféi'
7.719-- ot 0.013 B 69xlr

7742 0010 . . . looxice
st TR ' 0043 - 18.49x 107"

iii. - Z(r—x)2= 2337x 107
E(x ¥y S 2327x10°% 4%

V. R e o9
N -1 5 ST

V. \JE(x —x ) --(N-—l) 0.98 o

Standard deviatio_n =0.98.

Exercnses (Umverlsty Problems) ’

Calculate the standard'dewatlon for the subset of the values
2507 2518 2526 g |



foundauon.
lf the standard de\natlon of a set of measurements is s 1all,

that the average of the set is nearly precise. 5

Dlstmctlons between Mean devnatlon and Standard de

/

—— h_‘._'l -

Smndard devzation

Mean deviation

. Definition [t is the average of the
' ~deivation of all the
individual values
from their average.

1ndmdual dev:atlon o
from their mean + '_ o ‘
numberof - = RSl ;F’
meansurements made.—

2. Formula \/E(xi—-ﬂ_—:-_N S(x.— %)+ (N - D S
3. Precision Less than standard Better than mean ‘
e - deviation but better deviation, It is -
than average the best way of

I_’_‘I__ P

expressing precission.

Curve Fitting - Method of Least Squares |
| [f we want (o present a trend or relationship we draw a graph

graph is obtained by plotting two varlables X and Y against each

Iet us consider the following data.




i
'||I|
| = .
a _-T"'-"-‘.::-'I' '.'_
T TIII :."- fw

--""ir ‘I igure). By cmwention .
I' p‘lot the mdependent variable,
i.e., the cause of the value based

“on which a particular prediction is ¢,
*made along the axis (horizontal axis)

_and the dependent variable. i.e.,

the effect on the predicted property,

along the Y axis (vertical axis).
—_-,—__—‘\."‘

The graph gives the trend or relationship between X and

‘above graph indicates a linear relationship between X and Y. In the
graph linearity is good. Usually for the%ned In exper ne;
linearity will not be as @s shown in figure. In such cases we h rm,j??fi}
draw a best fit line. This is called curve fitting. For this purpose we
the method of least squares. By this method we get a straight I | |

- which the algebraic sum of the vertical deviations is less then that

any other straight line. There will be only one such line i. e., it will b ¢ et
best fit line. This best fit line cannot be drawn Just by observm

points on the graph. For drawing the best fit line we have to use
method of least squares. '

Let us consider the following data :

R AT e |
-~ 5 A g Y "
. : e e
| : 15

e . - 18

P o = e 2.7

4

e NLIERAT Y |

i  To draw the best ﬁf line for the above data the f .
7 fallowed
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zx=10 z\' 10, £XY =29. 2and2)(2==3“0 7

|
I »

p— ag— S e .
? ii. The above values are substituted in the fol’lownﬁg
equations. * i
XY =aN +bZX y 3
IXY =aZX +bIX’ =
Here N = the number of pairs of data 4 4 .
;= - ' 1.: . ,.
i.e.,10=ax4+bx 10 o % - | (1) |
and 29.2=ax 10 +b x 30 R

mu]tlplym (1) by 3 we have

30—'12a+ b

— 2L T lo q .Sﬂb
substracting (2) from the (3) we have

0.8=2a
- a=0.4

e ' eer | v 4 =
Substituting (4) in (1) we h_avib =0.84 ’ \© ~\ - i

ows ' . | e
iii. Now for the given values of X, Y values are calculated using
equation ‘ 4
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Correlatlon Coefficient :

[t is a quantity that indicated the extend of linearity of a glven ----- '
~ data. Itis denoted by . .

-
- .

1-'

Y -_.

- A -Mathematical expression. 2

Y all | L s S LR *;._i:, "
e NIXY - (EX)EY . &
R, -(EX)(EY) -
BT T {[NEX"—-(ZX)2] [NEYZ—(EY) ]}'/rr ' e

-,f - Where X and Y are valables or two propemeé N
* pairs of-data.

1S the number ¢

Explanation :



£X2=30
SVRengng. ¢ (TY)R=100 . PR

(42202)-(10x10) .+ iU

r=_,__ :
{[4x30—100] [4 x 28.78 — 100]}”

1168100 L

{[120-100] [115.12~ 100]* N

B8 - 1638 ' T

{[20][15.12]}%#  304” _ _

16.8 | | | | ' '.*.'.'.'._‘

‘ R '20-96 % | * : , A . 1_';3 |
17.44 : : i o -

That is, as per our data there Is excellent llnear relatlonshlp betw :

i-L

XandY. - _ ‘ s '. &

=

- L
d l"‘

J
Thus correlation co - efficient gwens us and 1dea about the ext m;‘. ,

lmeanty of a glven set of data.

-

' Unvaitwaue_stiohs

we two cxamples corrosive chemicals.

mﬂs use}d of tham



