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chemical

of ISO/IEC 17025 Accredited lnstrumentation &

Laboratory for Chemical Measurement" with funding from the Government of
Bangladesh (GOB) under the aegis of the Ministry of Science and Technology (MoST),

lnstrumentation & Calibration Service Laboratory (ICSL) - BCSIR took the initiative to
formulate the nation's first training scheme on Chemical Metrology, Laboratory Quality
Management System (LQMS), Laboratory Assessment & Accreditation as per ISO/IEC

L7025, Proficiency Testing, Measurement Uncertainty, Metrological Traceability in

Chemical Measurements, Method Validation, Analytical lnstrumentation and
Calibration of the Laboratory Equipment and the like.

Aiming to the goals mentioned, in the period 23 January- 02 February 2011, using solely

the national resource for the first time in Bangladesh ICSL BCSIR launched the chemical

metrology training scheme through successful conduction of the Training on Laboratory

Quality Management & Assessment as per ISO/IEC L7O25 for the staffs of Bangladesh

Accreditation Board (BAB), Ministry of industries & Bangladesh Council of Scientific &

lndustrial Research (BCSIR), Ministry of Science and Technology.

ln continuation to this action during the period 05-09 February 2012, ICSL-BCSIR

imparted a five-days special training course on Laboratory Equipment Calibration for
the QC personnel from the renown industry Abdul Monem Beverage Limited the
manufacturer of the global brand soft drink Coca Cola in Bangladesh where Dr. Mala

Khan delivered a series of lectures on the subject. This monograph is indeed the
collection of the notes of those lectures brought under a single cover for the greater

audience in the industries, academic and scientific communities. lt would be worthy of
mentioning that designing as well as conducting a comprehensive course on calibration
of laboratory equipment is the first in its kind in Bangladesh. ICSL, BCSIR, Ministry of
Science and Technology and Government of Bangladesh together may take this pride to
have its national capacity built in this important area of scientific activities using solely
the national resources.

Considering the above at the backdrop onn this very memorable moment of publishing

this monograph, the Project Director and the principle author of this book is expressing

her heartfelt gratitude to Arch. Yeafesh Osman, Honorable Sate-Minister, Ministry of
Science and Technology for his continuous inspiration in implementing the project at
ICSL under which this training scheme in Chemical Metrology has been designed,
developed and launched for the benefit of the communities in industries, science and

academia.

The Project Director & Principle Author is indebted especially to Prof. Dr. Al Mostafa,
Chairman of BCSIR for his kind encouragement and executive support towards the
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project as a guardian taking'

The Project Director also takes the op

respected Md. Abdur Rob Howlader; Secretary; Ministry of Scien

Dilip Kumar Boshak; Additional Secretary, Mr. Rabindranath Roy Chowdhury; JoT

Secretary (Development), Mr. AKM Asaduzzaman; Joint Secretary (Admin) and all

officers and staffs in the Ministry of Science and Technology for their great

contributions in allocating funding as well as providing policy, executive and monitoring

supports towards the project at ICSL BCSIR.

It is indeed an immense pleasure for the Project Director to pay her great respect to the
management and participants from the M/S Abdul Monem Beverage Ltd who had

eventually shown their keen interest in the late 2011 to receive this calibration training
services from ICSL delivered successfully in the period 05-10 February 2012. Their

continuous urge led ICSL to formulate this Calibration Training course as well as to
publish this monograph.

The Principle author also takes the great opportunity to thank hereby Respected Md.

Abdul Monem ClP, Chairman of Abdul Monem Group and Mr. Masud Ahmed, Member
(Secretary); Planning Commission; Ministry of Planning who have been kind enough to
be present as the Special Guests on the occasion of the Certificate Award Ceremony as

well as the publication ceremony of this monograph held on 10 February 2012 at the
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The Project Director is indebted to the numerous known and unknown authors,

organizations whose knowledge, works, tables, graphs, information and articles have

been used in preparing this lecture notes. The authors are taking the opportunity to
record their sincere apologies to all of them whose works have not been quoted duly in

this work.

The heartfelt gratitude from the Project Director is also to all the colleagues and staffs

in ICSL and BCSIR for their handwork in organizing and managing the training as well as

the award giving and publication ceremony on 10 February 20L2. At this point in time,

the Project Director is not forgetting to appreciate the tremendous efforts by Mr. Syed

Ashraf Hossain, Mr. Rafiqul lslam and Md. Touhid Ahmed of Utsha Printing Solutions in

typesetting, designing and printing this monograph within a very short notice.

Last but not the leasU the authors are indebted to their family members as they have

never withdrawn their great supports from the back of the authors while the authors

accomplishing such technical endeavor have taken off many invaluable moments from

them.
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Dr. Mala Khan

KM Mostafa Anwar
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CALIBRATION OF

ANALNICAL BATANCE

1. INTRODUCTION

The analytical balance is a precision instrument used for weighing masses upto,
say, 4 decimal places (0.0001 g) in the common analytical or industrial ec
laboratory.
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Almost in all cases mass are measured indirectly from the

outputs produced due to the force exerted by the earth on the material undei

measurement. Like almost all other instrumental techniques, this method of

analysis is also relative. The instrument registers a signal due to some physical or

chemical property of the material under study. ln this case, an analytical balance

measures the output potential of a sensor which must be related to the force (w=

mg mass times the acceleration due to gravity) exerted by the earth gravitation

field on the matter under study by comparison against the signal generated due

to the force exerted by the earth on the standard weight under the similar

environmental conditions. Therefore the mass value displayed on the digital

readout of an analytical balance must be calibrated in order to obtain accurate

result.

A standard procedure for calibrating analytical balance (Range: 0-200 g) is to
prepare a linear working curve known as a calibration curve by plotting the

measured potentials as a function of the standard weights. ln the modern digital

analytical balance this calibration curve is automatically stored inside the memory

of the system and the digital reading of the balance appears automatically based

on this calibration curve while using the balance for measuring the weight of an

unknown test sample.

All analytical balance needs to be calibrated on a regular basis. Due to frequent

use of the balance and as time passes by the balance loses its calibration and

becomes unstable or the system response drifts. One must consult the

instruction manual prior to start any operation and calibration of any particular

balance which are more and more sensitive and sophisticated in these days.

Prior to start a complete calibration process of any analytical balance one must

remember that it is necessary to use several Standard Weights with nominal

values: 1 *g, 100 mg, 500 mg, 7 g, LO g, 50 g, 100 g, 2OO g etc. having

metrological traceability to Sl Unit at BIPM through unbroken chain of

comparability. But using at least 5 (five) Standard Weights is strongly

recommended to bracket the masses usually are being measured at one's

premises using any particular balance. Having Standard Weights for nominal mass

values: 1 mg, 100 mg, 500 mg, 1 g, 10 B, 50 8, 100 g, 200 g etc. would be the best

practice to cover the whole range of the balance for analyzing mass within e.g. 0 -

200 g. This type of full calibration is to be done typically annually.

Basic

similar with slight variations

almost
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EFffiffie) to bracket the everyday mass values would be sufficient.
hermore, it is essential to check daily the performance: drift or variations, say,

at the mid-point the calibration curve using any standard weight (and or
combination of weights) or any suitable artifact having mass falling at the middle

of the curve. lt is required to calculate the drift, to record it as well as to check

whether this drift of the calibration curve is within the acceptable tolerance limits
or not.

As stated above the sensor/transducer outputs of the sensor in voltage are

recorded inside the memory. Based on its calibration, the equipment converts a

given voltage to a corresponding mass value. As the balance is used, the signal

from the transducer drifts slightly, changing the voltage. Because the voltage from
this transducer is so small, a slight change produces a significant error in the mass

measurements. Regular calibration eliminates this error. Specific calibration

methods depend on its technology varying from manufacturer to manufacturer,

but they have some basic steps in common. lt is strongly recommended to consult

the specific Operation Manual prior to start operating the balance which may

dictate the variations in the operations of the system form that particular

manufacturer. ln this note one may find only a basic guidance for calibration of an

analytical balance typically used in any analytical laboratory. Calibration of
balances for scientific and industrial purposes are would not be much different
from the process discussed here.

For verification of other balances used in trade and commerce are to also to be

done as per the regulatory: legal metrology requirements. One should also check

other requirements to be meet for the regulatory body (under legal metrology),
the accreditation body (AB) and or certification body (CB) and or the client of the
laboratory services.

It is worthwhile to note that in this document the calibration of weights (used in

scientific, industrial, trade and commerce) are not covered in this document. The

calibration of weighing balance has been discussed.

2. ENVIRONMENTAL REQUIREMENTS

2.1 The temperature in any laboratory must be maintained at 23"C t 3"C if the
uncertainties in mass measurements are declared to be less then or equal to
t 0.0006 % (t 6.10-6*tvt).

calibration as

(Traceable to Sl Unit at
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2.2 Weighing

2.3 ln laboratory while condu

micro and or analytical balance, the measu

temperatures, say, at24"C + 4'C.

2.4 No temperature control is necessary when quoting uncertainties more than

r 0.0006 % (t 5.10-6*tvt).

2.5 ln the industry floor, no temperature control is required unless otherwise

there is any specific requirements for industrial process control.

3. BUOyANCy CORRECTTON [APPLTCABLE FOR CALIBRATTON OF WEIGHTSJ

3.L. ln case of weights calibration or measuring mass of unknown sample with an

uncertainty of less than t 0.0001% (t 5.L0-6*M), the density of the weights

must be determined and a buoyancy correction must be applied.

3.2. ln case of mass measurements with uncertainty less than t 0.0001% (t 6.10-6xM),

the density of the weights must be determined and a buoyancy correction

must be applied.

3.3. ln case of weights calibration, where an accuracy of t O.OO}L% (t 6.10-6,',M)

or more is quoted, the density of the weights may be assumed and a

buoyancy correction must be applied.

3.4. ln case of weights calibration, no buoyancy correction needs to be applied

when quoting uncertainties of more than t 0.0006% (t 6.10-6xlVt).

3.5. Again, ln case of weights calibration, when cast iron weights are calibrated,

laboratories may not quote uncertainties of less than 0.001 % (t 5.10-s*Vt).

4. A GENERAL NOTE FOR CALIBRATION OF ANY BALANCE. MINIMUM TESTS

Following are the minimum tests which must be carried out when calibrating a

weighing instrument unless the user or has requested a partial calibration.

Whether the balance ls partially or fully calibrated that must be recorded and

reported in the calibr:ation certificate/report with appropriate marking.

Laboratory may also carry out any number of additional tests using various test

loads/weights.

4.1 Repeatability (or precision) test

I Take at least five readings using (where practical) a single standard weight (or

other suitable artifact) practically as close to half the capacity of the weighing

instrument.



30 kg, the number of

frominal load applied and the standard of the

peated weighing.

4.2 Eccentric (or corner) test

r Place standard weights (or a suitable artifact) of between one quarter and one

third of the weighing instrument's capacity alternately in the centre and in the

various eccentric positions on the load receptor to determine the deviation (if

any) caused by the off-centre loading.

r Report at least the nominal load applied and the maximum deviation from the

centre, caused by the off-centre loading.

: Where a manufacturer of a weighing instrument specifies a particular load for

this test, that load may be used.

r The eccentric test is not carried out in the case of a weighing instrument with a

suspended load receptor.

r Where the load receptor is supported on more than four points, a load as close

as practical to the capacity of the instrument divided by the number of

supporting points minus one, is used.

r Where a load receptor has up to four points of support, the load must be placed

in any position on the load receptor, at a distance of approximately two thirds

of the distance from the centre to the edge of the load receptor.

: ln the case of a square or rectangular load receptor, the distance from the

centre to one of the corners is regarded as the radius.

r Where a load receptor has more that four supporting points, the surface area is

divided by the number of supporting points and the load is placed in the centre

of ( or evenly spread over) each segment in turn.

r Where a load receptor is in the form of rails or tracks (e.g rail vehicle scales or

overhead track scales) the load must be applied at the beginning, in the middle

and at the end of the rail or track

4.3 Accuracy and linearity

Test the accuracy and linearity using at least five different test loads (excluding

zero), approximately evenly spread over the weighing range of the instrument.

Additional tests must be carried out in the case of

G
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with multi-

r weighing instruments with optically projected indication toget
unit weights to increase the capacity.

ln the case of non-self-indicating weighing instruments, the accuracy of any
traveling or sliding poises and proportional counterpoise weights must be tested.
Report both the actualvalues of the loads applied and the resultant indication.
Where the total of the actual errors or inaccuracies of the standard weights used
is less than one quarter of the value of the smallest graduation or readability of
the weighing instrument, the nominal values of the loads may be stated instead
of the actual values.

5. FREQUENCY OF CALIBRATION

I lt is recommended to calibrate the Analytical Balance completely once in a year

r lt is strongly recommended that prior to use at least once in a day one must
check the calibration

r But if there is any problem with the response/voltage output of the sensor
consultation with the qualified engineer is strongly recommended so that the
calibration status of the equipment is restored within the acceptable limit.

r After any maintenance and servicing checking/verifying the performance of the
balance as well as the calibration of the system is a MUST.

6. CHECKING THE PERFORMANCE OF AN ANALYTICAL BALANCE

It is recommended to verify the performance by checking the linearity of its response
at the mid point of the calibration curve. This is done by measuring the masses of
Standard Weight or combination of Standard Weights falling at the middle of the
calibration curve as per the sequence below. At the mid-point of the calibration curve
the linearity error is checked. lf this linearity error is beyond manufacturer's
specification then the balance must be repaired by the professional engineer.
Example is given here the balance having a range, say, 0-200 g then it is

recommended to check the balance calibration via loading/weighing a number of
standards weights together having total sum -100 g or so. Bellow is the
procedure of checking the performance of an analytical balance operating within
range:0-200g.

r multi-range or n

-

3t Lectures on Calibration of Laboratory Equipment



6.1

different dimensions as

; metal bar, wooden block and

as A, B, C and D respectively.

Take at least 4 (four) Standard Weights (total nominal mass - 200 g).

masses of the Standard Weights are, e.g. A = 20 g, B = 80 g, C = 30 g and

Place the weigh boat on to the tray and close the sliding glass door

Wait for stable reading

Press the TARE button

Nominal

D=709.

6.2

6.3

6.4

5.5 Place the four objects on the weigh boat. Weigh these four (4) Standard

Weights or the four artifacts together. Record the combined mass of these

four objects Waeco = (-A+B+C+D). This is called the full scale value.

Ar1a/y/;ca/ &a/axt

;,|'-,utu xqp

(l\ "d &el

r-/.// 5@/r y'dd., 
.

rl +E+c.rr.W.4rAts
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A
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I I

6.6 Remove the four

6.7 TARE the balance if necessarf

5.8 Weigh the first set of 2 Standard Weights or the two artifacts Wns = (-A+B).

Record the combined mass of the objects A & B.

6.9 Similarly weigh the other 2 Standard Weights or the other two artifacts
Wco = (-C+D). Record the combined mass of these two objects.

4dy';cd k/anea

,l.t',,!td &lF.

:1,',*l* r*p

:t\ -e at+

lalt €cla y'alaa,

i+r+ttb.Il-4r!t5

Ad,y';cal U@i.

l**lcat *r'*.

tA',./b r*

aal.d&di

t4+r*c!bi,11.4rAri

4 + 8. atgaqo 3

(4 + 8\ , t3.Eo9o s
({ -r }) . B.4oAo s

Lx
froin

t#
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4m/yt;cd Aa/anc.

,1.4,tc eJE.

i4\ arll* srqr

:a\ ^.d i/-.(

Fa// *a/. {ala.,
ltr ,t c+b.?q.43A3 3

(4+$.it.e6eos
(C. + D\ . B4o7b s

*,1+t.i9.4366 3

4a/yt;ca/ U/aacz

44ukn U6.
(l\".ub dqp
(a\ -d p<4
(b\ 

"at

Fa// 5e.de y'duc,

d-rr.rC+n. ?t.4rlz5

(4 -r b . ,r.9b9o S
((. .r b) . ts.4o+6 s
4.;4n . 94 4rLL 95a,,

99.4t123 - ?t.411,Ls

O.OOO f a- - o.ooo4 g

li*;ly Ot* - O.OOO4 s

Note: Due to the nonlinearity at the mid point of the calibration curve the Full

scale Value (ex: 99.4373) and the weight sum (ex: 994366) are Nor equal. ln ideal
case, if there is no non-linearity these two values to be equal.

6.11 Calculate the DifferenceA: (Was+!V6p) - (Wor.o).

5.12 Calculate the Linearity Error. As two measurements have been taken, this
Difference (A) value to be divided by 2. This is the Linearity Error of the balance

€L=L/2

6.13 Check whether this Linearity Error is within the acceptable tolerance limits
specified by the manufacture. lf the Error is out of the specification, take
appropriate action to repair the balance by a professional/certified engineer.

7. A TYPICAT OPERATING PROCEDURE FOR CALIBRATION OF AN ANATYTICAL

BAI"ANCE

Note: This is only an example for Model Mettler AE 160. For other model one
must consult the manufacturer's operational manual.

10.1 The balance must be leveled first to assure the repeatable results.

.\

Disptay+d
WerFht



the leveling feet confirm the air bubble is

control

L0.4 The balance is needed to be cleaned at all times. Take a soft brass and swipe

up the balance tray and the surrounding area. Use lint free tissue to wipe

out any debris on the tray/pan. [Caution: While measuring using hand

gloves is strongly recommendedl

10.5 Make sure that allthe balance doors are closed.

10.5 Turn ON the balance

L0.7 The warm up time 30 minutes is suggested optimal performance

L0.8 When 0 appears press and hold the control bar, and wait to see the

operationa MODE.

10.9 When CAL - - - - - appears on the display release the control bar

10.10 CAL 100 g flashes after a few seconds

L0.11 Slowly move the Calibration lever on the lower side of the balance towards

the rear

L0.12 CAL with the dashed line will appear and then 100 g

10.13 When the display CAL 0 appears move the lever back to its original position

L0.74 Dashes will flash followed by 0

10.15 Two prior calibrated weight 50 g and L00 g are suggested

10.16 Use forceps to handle weights to avoid oil or other contaminations adding

extra mass to the weights from the hand of the operator

10.L7 Open one of the doors and place the 50 g weight at the centre of the tray

10.18 Close the door and wait for the balance to be stabilized (Caution: keep the

sliding doors closed during any measurement to avoid the air draft affecting

the measurements)

10.L9 The reading is stable when the instability disappears

LO.2O The display should be within the limit of 0.0003 mg

t}.2t Remove the 50 g weight

LO.22 Place the 100 g weight

10.23 Close the door and allow the balance reading to be stabilized again

LA.2



to come to it its original stabilized 0 g reading

0.27 REZERO by PRESSING 0

10.28 The calibration is completed

L0.29 The Analytical Balance is ready for use

Caution: Using hand gloves and keeping the sliding door closed are recommended

Lectures on Calibration of Laboratory Equipment 1





CALIBRATION OF

VOLUMETRIC FLASK

& BURETTE-PIPETTE

1. INTRODUCTION

Calibration is the process by which a stated measure such as the volume of a

container is checked for accuracy. ln general, measurements of mass can be

determined more precisely and accurately than measurements of volume.

Therefore, the mass of the liquid contained (To Contain TC) or dispensed (To

Deliver TD) by the glassware will be measured and the corresponding volume

calculated using the density of the liquid. However, a relatively small change in

temperature causes a change in the liquid's volume and thus its density.

ln precise work it is never safe to assume that the volume delivered by or

contained in any volumetric instrument is exactly the amount indicated by the

calibration mark. lnstead, recalibration is usually performed by weighing the

amount of water delivered by or contained in the volumetric apparatus. This mass

is then converted to the desired volume using the tabulated density of Water:

Volume=mass/density

All volumetric apparatus should be either purchased with a Calibration Certificate

traceable to NIST or calibrated by the competent analyst in the following manner.
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a given

the device that holds the liqu

normal temperature for calibration of much volumetric glassware.

Glass is a fortunate choice for volumetric ware as it has a relatively small
coefficient of thermal expansion; a glass vessel which holds 1.000001 at L5'C holds
1.00025 L at 25'C. lf desired, the volume values (V) obtained at a temperature (t)

can be corrected to 20"C by use of:

Vzo = V [L + 0.000025 (20 - t)] ------- (Eq. 2)

ln most work, this correction is small enough it may be ignored.

However, the thermal expansion of the contained liquid is frequently of
importance. Dilute aqueous solutions have a coefficient of thermal expansion of
about 0.025%/"C. A liter of water at L5'C will occupy 1.002 L at 25"C. A correction
for this expansion must frequently be applied during calibration procedures.

Parallax is another source of error when using volumetric ware. A correction for
this expansion must frequently be applied during calibration procedures.
Frequently, graduation marks encircle the apparatus to aid in this.

K

Readings which are either too high or too low will result otherwise.

1.3 Tips for Correct Use of Volumetric Glassware

1.3.1 Pipettes

The Pipette is used to transfer a volume of solution from one container to
another. Most Volumetric Plpettes are calibrated To-Deliver (TD); with a certain
amount of the liquid remaining in the tip and as a film along the inner barrel after
delivery of the liquid. The liquid in the tip should not be blown-out. Pipettes of the

h

b
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will be gr

and ready to use, make sure the outside of the tip is dry.

Iinse the pipette with the solution to be transferred. lnsert the tip into the liquid to be

used and draw enough of the liquid into the pipette to fill a small portion of the bulb. Hold

the liquid in the bulb by placing your fore finger over the end of the stem.

Withdraw the pipette from the liquid and gently rotate it at an angle so as to wet all

portions of the bulb. Drain out and discard the rinsing liquid. Repeat this once more. To fill

the pipette, insert it vertically in the liquid, with the tip near the bottom of the container.

Apply suction to draw the liquid above the graduation mark. Quickly place a fore finger

over the end of the stem. Withdraw the pipette from the liquid and use a dry paper to

wipe off the stem. Now place the tip of the pipette against the container from which the

liquid has been withdrawn and drain the excess liquid such that the meniscus is at the

graduation mark.

Move the pipette to the receiving container and allow the liquid to flow out (avoiding

splashing) of the pipette freely. When most of the liquid has drained from the pipette,

touch the tip to the wall of the container until the flow stops and for an additional count of 10.

1.3.2 Volumetric Flask

The Volumetric Flask is used to prepare Standard Solutions or in diluting a sample. Most of

these flasks are calibrated To-Contain (TC) a given volume of liquid. When using a flask, the

solution or solid to be diluted is added and solvent is added until the flask is about two-

thirds full. lt is important to rinse down any solid or liquid which has adhered to the neck.

Swirl the solution until it is thoroughly mixed. Now add solvent until the meniscus is at the

calibration mark. lf any droplets of solvent adhere to the neck, use a piece of tissue to blot

these out. Stopper the flask securely and invert the flask at least 1.0 times.

And, drainage rates from

uniform and reproducible film

Le€tures on Calibration of Laboratory Equiprnent
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the zero mark and open t
bubbles out of the tip by rapidly squirting the liquid through the tip offi
tip while solution is draining.

The initial burette reading is taken a few seconds, ten to twenty, after the
drainage of liquid has ceased. The meniscus can be highlighted by holding a white
piece of paper with a heavy black mark on it behind the burette.

Place the flask into which the liquid is to be drained on a white piece of paper.
(This is done during a titration to help visualize color changes which occur during
the titration.) The flask is swirled with the right-hand while the stopcock is

manipulated with the left hand. _11
,t-'"&-:--dlF>

fre\[xt6, 1'1
The burette should be opened and allowed to drain freely until near the point
where liquid will no longer be added to the flask. Smaller additions are made as

the end-point of the addition is neared. Allow a few seconds after closing the
stopcock before making any readings. At the end-point, read the burette in a

manner similar to that above.

As with pipettes, drainage rates must be controlled so as to provide a

reproducible liquid film along the inner barrel of the burette.

Two or three rinsing with tap water, a moderate amount of agitation with a dilute
detergent solution, several rinsing with tap water; and two or three rinsing with
distilled water are generally sufficient if the glassware is emptied and cleaned
immediately after use.

1.3.3 Burettes

The Burette is used to



or test tube brush

neck of volumetric flasks.

eaning solution directly. Pipettes and
filled by inverting them and drawing the cleaning solution into

device with suction. Avoid getting cleaning solution in the stopcock.

Allow the warm cleaning solution to stand in the device for about 15 minutes; never
longer than 20 minutes. Drain the cleaning solution and rinse thoroughly with tap
water and finally 2-3 times with distilled water. Pipettes and burettes should be

rinsed at least once with the solution with which they are to fill before use.

1.3.4 A General Calibration Procedure

As was noted above, volumetric glassware is calibrated by measuring the mass of
Water that is Contained ln (TC) or Delivered By (TD) the device.

To obtain an accurate mass measurement, buoyancy effects must be corrected
for. The amount of air displaced by the standard weights of the balance is
somewhat different than the amount of air displaced by the weighed water. This

difference leads to different buoyancies for these objects; meaning the balance

levels at a point other than when the two objects are of the same mass. This can

be corrected for using:

ffit,ue = [I]*"., * d. ( (m..n..r/ d) - (mr.rr/ dr) ----------- ------- (Eq.3)

where,

d, is the density of the standard weights (8.47 g/cmz),

d. is the density of air (= 0.0012 g/cm3l,

d is the density of the object being measured.

This mass data is then converted to volume data using the tabulated density of
water (Table 1) at the temperature of calibration. (ln very accurate work, the
thermometer must also be calibrated as an incorrect temperature reading will
lead to the use of an incorrect density for water. This, in turn, will give an

inaccurate volume calibration.)

Finally, this volume data is corrected to the standard temperature of 20'C. This
can be accomplished using the thermal expansion coefficient of Water;
0.00025/"c:

Vzo = V [1+ 0.0002s (20 - t)] ----------- -------(Eq.4)

1.3.5 Cleaning Volumetric Glassware

cleaning of volumetric glassware is necessary to not only remove any
contaminants, but to ensure its accurate use. The film of water which adheres to
the inner glass wall of a container as it is emptied must be uniform.

Lectures on Calibration of Laboratory Equipment



. Beakers and graduated cyli

contain (TC) while most pipettes and burettes are calibrated to deliver (TD).

.&

1.5 The Analytical Balance

The basic measuring device in the laboratory is the analytical balance. The

accuracy of the counterweights inside the balance is much better than one part

per thousand and the balances are serviced and calibrated at regular intervals to

ensure their accuracy.

ln the most accurate work two corrections are required. One is to correct for

difference between an object weighed in air and the same object weighed in vacuum.

According Archimedes' principle an object is buoyed up by a force equal to the

weight of air it displaces. Second, is the fact that glass expands with increasing

temperature, so the volume of a container also increases. By convention, volumetric

glassware is always calibrated at 20'C. Since the temperature at which the

calibration is done may be somewhat different there is a small correction for the

cubic coefficient of expansion of glass. Fortunately the correction is very small within

a few degrees of 20'C and can be neglected in ordinary work.

1.5 Volumetric Glassware

Volumetric glassware is calibrated at a specific temperature, usually 20'C, but

quite often it is used to deliver or contain volumes at a different temperature.

The temperature variations make it necessary to adjust samples and/or standards

to the calibration temperature before measurement, or to apply temperature

1.4 To Contain vs ToT

Volumetric glassware is



designed to deliver

ssociated with its calibrated

to drain properly. Therefore it can be

ffies in volumetric measurements can be a major, if not the chief,

lource of error in an analytical laboratory.

There are three general methods commonly employed to calibrate glassware:

L. Direct, absolute calibration

2. lndirect, absolute calibration

3. Relative calibration

1.5. 1 Direct Calibration

A volume of water delivered by a burette or contained in a volumetric flask is

obtained directly from the weight of the water and its density (at the particular

temperature). For example, if at 25'C, a 20.00 mL pipette delivered L9.970 g of water

then the volume delivered at 25"C would be 19.970 g x 1.0040 mLlg= 20.05 mL. At

20"C the volume would be 19.9709 x L.0037 mLlg = 20.04 mL. (See Table 1 for
temperature specific values for water density)

t.6.2 I ndirect Ca libration

Volumetric glassware can be calibrated by comparison of the mass of water it
contains or delivers at a particular temperature with that of another vessel which
had been calibrated directly. The volumes are directly related to the masses of
water. This method is convenient if many pieces of glassware are to be calibrated.

1.6.3 Relative Calibration

It is often necessary to know only the volumetric relationship between two items
of glassware without knowing the absolute volume of either. The situation arises,

for example, in taking an aliquot portion of a solution. Suppose that it is desired
to titrate one-fifth of an unknown sample, the unknown sample might be

dissolved and diluted to volume in a 250 mL volumetric flak. A 50 mL pipette

would then be used to withdraw an aliquot for titration.

For the calculation in this analysis, it would be necessary to know the exact
volume of the flask or the pipette, but it would not be necessary to know the
exact volume of the flask or the pipette, but it would be required that the pipette
deliver exactly one-fifth of the contents of the flask. The method used for the
relative calibration in this case would be to discharge the pipette five times into
the flask and marking the level of the meniscus on the flask.

iI



The use of calibrated glassware is

to ensure that any volumes measured are kno*ni,

ln this procedure mainly the gravimetric principle has been applied for

calibration of volumetric flask typically used by an analytical chemist. ln order to

avoid introducing Systematic Errors into our measurements, each volumetric flask

must be properly calibrated. And, to reduce the Random Errors inherent when

using this glassware, the proper use must be understood. The quality of the

measurements obtained from the volumetric glassware depends heavily on the

care taken in calibrating and in using them. This procedure provides a method for

calibrating volumetric flask used in the laboratory.

This procedure also may be used for calibrating graduated pipettes and burettes.

2. OPERATING PROCEDURE FOR CALIBRATION OF VOLUMETRIC FLASK

2.1 Procedure Outline

ln this gravimetric principle the weight of deionized water contained in the flask

or pipette is used to determine the actual volume contained in the glassware.

Water weight is corrected for density differences due to temperature. The

temperature of the room should be maintained within 24!4"C.

2.2 Requires Equipment & Supplies

Analytical balance

Thermometer, 0-150"C

Deionized water

2.3 Documentation Control & Record

Using a copy of the attached data sheet titled "Volumetric Flask Calibration",

write the date and flask identification information in the appropriate blanks. Data

from each of the below sections should also be recorded on this form. The

"Calibration Due Date" shall be 3 months from the current date. Maintain the

data sheet in the same laboratory as the flask. After the next calibration, sheets

should be transferred to and maintained in a file in the lab record archive for a

period of at least 3 years.

2.4 Procedure

2.4.L Perform a full calibration check on the balance to be used according to an

approved standard operating procedure (SOP) (Ref: The Chapter 1 on

Calibration of Analytical Balance in this monograph). Record the results on

the data sheet. During a full calibration of an analytical balance one should

1.7 ln Conclusion 
'=



curve at the mi

Sndard Weights or artifacts as stated in the approved SOP.

2.4.2 Start Volumetric Flask Calibration.

2.4.3 Record the serial number of the flask.

2.4.4|f it does not already exist, add a serial number to the flask in permanent ink

or by attaching a label.

2.4.5 Wash, dry, weigh, and record the mass of the volumetric flask W1asl to be calibrated.

o For volumes of 100 mL or less, the balance used must be capable of measuring in

increments of 0.001 g.

o For volumes greater than 100 mL, the balance used must be capable of measuring in

increments of 0.1 g.

2.4.6 Fill the volumetric flask to the mark with deionized water.

2.4.7 Wipe drythe outside of the flask and then weigh. Record the weight of the

flask with the water in it (Wnasr +water).

2.4.8 Measure and record the water temperature (T).

2.4.9 Using Table 1, look up and record the density of the water corresponding to

the temperature recorded in step 2.4.8.

2.4.10 Calculate the expected mass of the flask at the experimental temperature

(Wrx) as well as the volume of the flask Vra't as follows:

, Wftask+water -Wftask
Virasx=T

where:

Vn".r is the volume of the flask (in mL);

\Arrask+water is the weight of the water recorded in step 2.4.7 (in gl;

Wlasr is the weight of the flask recorded in step 2.4.5 (in g); and
p*",", ls the density of water at the temperature recorded in step 2.4. 8 (in g/mL)

2.4.t1Repeat steps 2.4.6 through 2.4.10 for at least five runs.

2.4.12 Calculate and record the average, standard deviation ( O), and twice the

standard deviation (2O\ of the flask volume based on the runs.

2.4.73ldentify any aliquots for which the volume is greater than 2Ofrom the average value.

lf any aliquots are greater than 2 O from the average value repeat the procedure.

expected weight of

be done daily to verify
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.15 Ensure that the tolerance is within the limits of a Class

2.4.L6 Calculate and record flask precision based on the following formula

Precision(%)=
Average Volume

x 100

2.4.77 Sign and date the data sheet. Maintain the sheet in accordance with the
established laboratory proced u re.

2.5 Origin of Uncertainties

. Weight of water

o Density of water

. Error in sighting the level of the water

o Error in temperature reading

2.6 Consult the References

Lecture note on the Calibration and performance check of laboratory
analytical balance.

Lecture note on Calibration of laboratory thermometers.

ASTM E288-94. Standard speciation for laboratory glass volumetric flasks.

Table 1. Density of pure water for various temperatures.

Temperature
(c)

density
(q mL-{)

Temperature
(c)

density
(q mL-1)

16.O
16.5
17.O
17.5
18.O
18.5
19.O
19.5
20.o
20.5
21.O
21.5
22.O
22.5
23.O

o.99897
o.99889
o.99880
o.99871
o.99462
o.99853
o.99843
o.99833
o.99823
o.99812
o.99802
o.99791
o.99780
o.99768
o.99757

23.5
24.O
24.5
25.O
25.5
26.O
26.5
27.O
27.5
2A.O
24.5
29.O
29.5
30.o

o.99745
o.99732
o.99720
o.99707
o.99694
o.99681
o.99668
o.99654
o.99640
o.99626
o.99612
o.99597
o.99582
o.99567

o

o

a

2.4.L4 Calculate and

!r
\
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5
10
25
50
100
200
250
500

1 000
2500

o.o2
o.o2
o.03
o.05
o.08
o.10
o.12
o.20
o.30
o.50

o.04
o.04
o.06
o.10
o.16
o.20
o.24
o.40
o.60
1.OO



I
Volumetric Flask Calibration

Date: ........ Calibration Due Date:

Flask ldentification

Manufacturer: ...........

Serial Number:

Calibration Check of Balance

Balance Manufacturer: ........... Weight Set

Balance Serial Number: Laboratory:

Balance Calibration Data

Balance Performance Check

Balance Linearity Error €L: ...............

Calibration of Flask

Volume: ............. mL

Laboratory Used ln:

Serial

Tolerance Limit of Linearity Error:

Step 2.4.5 - Mass of Empty Flask: ......................g

Run #

Step

2.4.7

(e)

Step

2.4.8

("c)

Step

2.4.9

(e/ml )

Step

2.4.1.0

(mL)

1

2

3

4

5

6

7

8

ASTM Classification:

Analyst:

Review:

Signature Date

Weight
(q)

Reading
(g)

Weight
(g)

Reading
(g)

2000.0 20.0
200.0 10.0
150.0 5.00
100.0 2.OO

50.0 1.00

Laboratory Supervisor Date



re in the laboratory

3.L.2 Wash the supplied burette thoroughly such that no drops of distilled water

are left on the internal surface of the burette.

3.1.3 lf droplets of water are still observed to adhere to the inner surface of the

burette after delivering deionised water, the burette must be considered

as still dirty and the cleaning process repeated.

3.t.4 Allow the burette to drain for some time.

3.1.5 Clean and dry a small flask using paper towels and a stream of warm air.

Handle the flask using the paper towels since fingerprints and sebaceous

oils may cause the calibration process to be imprecise.

3.L.6 Fit the flask with a stopper.

3.t.7 Weigh the flask on an analytical balance to the nearest 0.1 mg.

3.1.8 Using a transfer pipette, rinse the burette with distilled water at room

temperature

3.L.9 Drain the burette completely into a beaker.

3.1.10 Place the burette into the burette clamp.

3.L.LL Ensure that the clamp is mounted tightly and is level.

3.L.L2 Using a funnel, re-fill the burette was with deionised distilled temperature

equilibrated water.

3.1.13 Ensure that the burette is not over-filled. (The burette must be filled to
slightly past the 0.00 mL mark.)

3.1.74 Carefully wipe off any solution spilled on the outside of the burette.

3.1.15 Open the stopcock and drain the burette to the 0.00 mL mark.

3.t.16 Ensure that no air bubbles are present in the burette or in the stopcock

tip. lf any are present, the burette must be re-drained slightly to force out
the air bubbles and re-filled.

3.t.t7 Touch the beaker to the tip of the burette to remove any adhering drops of
water.

3.1.18 Allow the burette to stand for 5 minutes.



ask under the burette.

3.1,.2L Open the stopcock and slowly transfer 10 mL into the flask

3.1,.22 Touch the tip of the burette to the wall of the flask.

3.L.23 Allow the flask to stand for 30 seconds such that the film of liquid on the
walls of the burette to drain.

3.L.24 Stopper the flask in order to prevent evaporation.

3.L.25 Record the apparent volume of liquid extracted from the burette to the

nearest 0.01 m1.

3.1,.26 Weigh the flask to the nearest 0.1 mg.

3.1.27 Repeat the procedure in 10 mL increments, all the way to 50 mL.

3.L.28 Refill the burette was re-filled and repeat the entire procedure for a

further 2 times.

3.L.29 Record your results onto the tables provided in Section 3.2 below. Refer

to the definitions included at the end of Section 4.0 prior to recording

your results.

3.1.30 Estimate the Standard Deviation, Precision, and Absolute and Relative

Error of these results.

3.1.31 Comment on the significance of these results

3.2 Data Reduction and Analysis for calibration of burette and pipette

Water temperature: ............. .........."C

Density of water (from the table bellow): ........ gm/L

Example Density of Water & Corrected Volume

Temperature ("C) Density (e/mL) Corrected volume
of 1- g of water
at 2o("c)* (m/L)

19 o.9984082 L.OO27
20 o.994207L 1.OO29
2a o.9979955 1.OO31

22 o.9977735 1.OO33
23 o.99754t5 1.OO35
24 o.9972995 1.OO38
25 o.9970497 1.OO40
26 o.9967467 L.OO42
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Average Correction for interval0-10 mL:

Consequently, the burette delivers ------------mL less than indicated by the burette reading.

lnterval 10 - 20 mL

Average Correction for interval 10-20m1 : ................

Consequently, the burette delivers -----------mL less than indicated by the burette reading.

lnterval 20 - 30 ml

Average Correction for interval 20-30m1:

Consequently, the burette delivers --------mL less than indicated by the burette reading.

Final Reading (mL)

lnitial Reading (mL)

Apparent Volume (mL)

Mass

Actual Volume (mL)

Correction

Final Reading (mL)

lnitial Reading (mL)

Apparent Volume (mL)

Mass

ActualVolume (mL)

Correction
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Average Correction for interval 30-40 mL: ...........

Consequently, the burette delivers -----------mL less than indicated by the burette reading.

lnterval 40-50m1

Average Correction for interval 40-50m1:
Consequently, the burette delivers ----------mL less than indicated by the burette reading.

Total average correction over the 0-50m1 range = ................ mL

4.0 DEFINITIONS & FORMULAE

The apparent volume is calculated by finding the difference between the finaland
initialvolumes read from the burette.

The mass volume is calculated by weighing the flask after adding each L0 mL
increment by means of an electronic balance

The actual volume is calculated by simple proportion using the density of water
23"C as shown:

Example: 1 g of water weighs 0.9975415 g

Thus Y g of water weighs ? g

Actual volume of water delivered = (0.9975415 x Y)/1 = Z mL

The correction factor is calculated by finding the difference between the actual

volume and the apparent volume in each case.

Final Reading (mL)

lnitial Reading (mL)

Apparent Volume (mL)

Mass

Actual Volume (mL)

Correction



o=

5.2

lx-xl2
n-1

Calculation of Precision:

Precision CV(%)=-a - x100
Vou"rog,

7
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CALIBRATION OF

PH METER

1. INTRODUCTION

Most instrumental methods of analysis are relative. lnstrument registers a signal

due to some physical or chemical property of the solution. For example, pH meter

measures the electrode potential which must be related to the [H.] or [OH-] of the

solution by comparison against known [H-] or [OH-] standard buffers. ln other

words, the pH meter must be calibrated in order to obtain accurate results. A

standard procedure for calibrating pH meters is to prepare a linear working curve

known as a calibration curve by plotting the measured potential as a function of

pH or pOH. ln the modern digital pH meter this calibration curve is automatically

stored inside the memory of the meter and the reading of the meter appears

automatically based on this calibration curve while using the meter for measuring

the pH of an unknown solution.

All pH meter need to be calibrated on regular basis; due to frequent use of the

meter and as time passes by the meter loses its calibration. You must consult the

instruction manual prior to start any operation and calibration.

Prior to start the pH Meter Calibration process your must remember that you

have to have at least two solutions of known pH. But using three standard

solutions is strongly recommended. Having pH Standard solutions for pH 4, pH 7

and pH L0 would be the best practice to cover the whole range of the meter for

analyzing pH: 0-14. The pH meter electrode reads the weak electrical potential

caused by the action of hydrogen ions in the solution. Based on its calibration, the

meter converts a given voltage to a corresponding pH value. As the meter is used,

the signal from the electrode drifts slightly, changing the voltage. Because the

voltage from pH is so small, a slight change produces a significant error in the pH.

o-

I
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recommended so

condition is restored

r Recalibrate if the battery of the pH vt@
r After any maintenance and repairmen checking/verifying i

well as the calibration is a MUST.

9. CHECKING THE PERFORMANCE

After calibration please check the pH of any fresh standard solution different from

the solutions used for calibration. That means, avoid checking the pH Meter by

measuring the pH of the same baseline calibration solutions. lf the variation of
the pH result is within the acceptable tolerance limit e.g. 0.1. then the
performance is considered to be OK. Calibration solutions or baseline solutions

once used please do not return them again back in the standard reagent

container. You may use the disposable standards transfer pipettes. This is to avoid

the contamination of the stock standard solution. Discard the solutions or buffer

after use. While using the standards/buffers in any beaker it is strongly
recommended to cover the same by aluminum foil. Direct exposure to air may

change the buffer pH.

10. A TYPICAL OPERATING PROCEDURE FOR CALIBRATION OF A pH METER

Note: This is only an example of calibrating the OKTON pH Meter. For other model
please consult the manufacturer's operational manual.

10.L Take at least five clean glass/plastic containers that can hold sufficient buffer to
immerse the pH probe. One container for rinsing de-ionized water, three for
calibration buffer solutions and fourth one for standard solution (to run as an

unknown one for verifying the performance of the pH meter after calibration).

10.2 Perform a visual inspection of the probe. There should not be any crack, any salt

deposit or any other matter on the probe. lf any clean it using moist cotton
swab. Or use lint free tissue. DO NOT RUB, just soak.

10.3 Rinse the probe electrode in water and briefly shake off or wipe clean with lint
free tissue.



and allow the pH reading to settle.

10.6 Press the CAL button. " CAL" will flash briefly and then the pH reading will flash.

tO.7 Press the HOLD/CON button. This will calibrate the meter to pH 7.

10.8 Rinse probe with water and shake or wipe clean with lint free tissue.

10.9 Place probe into pH 4 solution and allow the pH reading to settle.

10.10 Press the CAL button. " CAL" will flash briefly and then the pH reading willflash.

L0.11 Press the HOLD/CON button. This will calibrate the meter to pH 4.

10.L2 Rinse the probe with distilled water and shake or wipe clean with lint free tissue.

r



10.13 Place

10.14 Press the CAL button. "CAL" willflash briefly and then the pH reading will flash.

10.15 Press the HOLD/CON button. This will calibrate the meter to pH 10.

10.16 The pH meter is now calibrated.

L0.77 Checking performance. Measure the pH of any other standard (known)

solution as an unknown solution and verify whether the reading is within

the acceptable tolerance limit e.g. 0.1 or not.

10.18 Submerge the pH Meter in the storage solution or distilled water with pH 7.

10.19 The pH Meter is now ready to measure the pH of other substances.

11. EXAMPLE OF SOME TECHNICAL FEATURES OF A TYPICAL BENCHTOP pH

METER: EXAMPLE OF OAKTON

r Two line, dot matrix display provides clear instructions for setup and

calibration.

I RS-232 output: sends data to printer or PC on programmed time intervals,

when reading is stable, or manually.

I Calculates and displays slope/offset of electrode automatically; check

electrode quality and conform to standard test method quality checks.

Z

:F



ca I i bration -u ser-d ef i n ed

#Ew:
EE stored and calibration data with Jaie and time-

suitable for GLP documentation.

r lon concentration mode offers direct display of ion readings in ppm, ppl,yo or
any other units of your choice (pH 2100).

r Use these meters to document large volumes of critical ISE (pH 2L0O) pH or

mV data sets. Large dot matrix display shows pH, ion or mV reading plus

temperature ("C). Meter sends measurements to a printer or PC with the

touch of a button, or on timed intervals. Free software allows you to
download data to your computer in a format easy to import into spreadsheet

programs.

r Customize up to five pH calibration points, or select from four standard buffer

sets. Meter displays last calibration date and time.

r Meter features a built-in clock with timer and alarm. Other features include

memory of up to 50 readings with date and time, selectable manual or

r Automatic Temperature Compensation (ATC), analog recorder output and a

selectable " Ready" function.

I Detachable electrode holder arm holds electrodes firmly in place. lncludes

instruction card that stores underneath meter for quick reference. 1.L0l220VAC.

Measures: pH, mV Relative mV, lon (Model: pH 2100), C, F

pH Range: 0.000 to 14.000

pH Resolution: 0.001/0.01

pH Accuracy: +/-0.002 10.01.

pH Calibration: Up to 5 customizable calibration points, or USA, NIST, Bf1, or

BF2 standard buffer sets

mV Range: +/-L850.0

mV Resolution: 0.1-

mV Accuracy +l-O.2

mV Calibration: offset uP to +/-L50

lon Range (PH 2100):0'000 to 19900

lon Resolution (pH 2L00): +/- least significant digit

lon Accuracy (pH 2100): +l-O'5% of the reading

Temperature Range: -5 to 105C/23to22lF

TemPerature Resolution: 0'1C or F

Temperature Accuracy: +/-0'3C I +/-O'5F

f"*p"rrtrre Calibration: offset up to +/-5'0c/+/-9'oF

Dimensions, inches (cm): 9 x7 x2'4 (23 x 18 x 6)
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A similar conclusion can be made for all types of dissolved solids. Most pre-

formulated ppm TDS standard solutions are formulated with either sodium

chloride (NaCl), potassium chloride (KCl) or the 442 (40% sodium sulfate, 40%

sodium bicarbonate and 20% sodium chloride) natural water formulation.

ln some cases, a KCI solution is made to a specific Conductivity value, and then
the ppm values for NaCl, KCI and/or 442 formulation are referenced on the bottle
giving the user the option to calibrate to any one of these. A Conductivity value is
also usually given.

I Ist}H f

I t*
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lf your test solution's major dissolved solids components are the same as any of
these, you may want to choose the pre-made formulation that best approximates

your test solution. Generally NaCl is used for brines and the 442 formulation is

used for general water and waste water, rinse water, boilers and cooling towers,
lakes, streams and wells.

Alternatively, if the contents of the ppm standard calibration solution used for
calibration are known and if there are figures such as Figure 1 or tables such as

Tables 1 and 2 available, you can cross reference the calibration standard
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The previous discussion and references are based on standard

temperature (25"C). When measuring Conductivity or TDS in non-standard

conditions, corrections for temperature variations must be taken into account

before determining the final values of Conductivity and TDS measurements.

Otherwise the measurements will not be correct.

Meters with temperature compensation overcome this problem, because they
incorporate temperature sensing elements and temperature compensating
circuitry into the meter so that the value displayed is corrected to a standard

temperature. lf your meter does not have temperature compensation, you need

to use a look-up tables or formulas to correct for the temperature effect, or to
calibrate the meter using a calibration standard that has been brought to the
same temperature as the test solution.

Specific calibration methods depend on the meter, but they have some basic

steps in common. Please consult the Operation Manual prior to start operating
the meter which may dictate the variations in the operations of the meter form
that particular manufacturer.

3. STANDARD SOLUTIONS

Suitable conductivity standards are available commercially or these can be made

up as required from Analytical Grade reagents with reference to the relevant
physical tables. To calibrate each range one should have at least one solution for
that range. Normally a TDS/Conductivity meter having four or five ranges as such

four or five calibration standards are required for calibration.

3.L Procedure for preparing general purpose conductivity standard:

3.1-.L Accurately weigh out 0.746 grammes of dried AR grade Potassium Chloride (KCl).

3.L.2 Dissolve in L litre of good quality deionised water. This produces a 0.01N KCI

solution with a conductivity of L413 prS @ 25'C.

3.1 Storage

This solution must be stored in a plastic container and the air space should be

kept to an absolute minimum. The shelf life of 1 week can be increased by storing

below 4"C, but where any doubt exists about the viability of stored solution a

fresh batch should be prepared.

re
solution's "Condr.,i

solids solutions. vailable in various
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84 pS/cm Standard 1413 pS/cm Standard 5000 pS/cm Standard 80,000 pS/cm Standard

4. TEMPERATURE CORRECTION

Because its temperature affects the voltage produced by the solution, you'll need

to correct for the temperature. Most of the modern TDS/Conductivity meters

perform this correction automatically, while others require that you enter the

temperature into the meter using buttons or dials. Practically the temperature

correction is automatic in the advanced meters available in the market having

temperature compensating probe inside the electrode. Along with the

TDS/Conductivity reading the reading of the temperature is also present.

For manual temperature correction, one MUST consult the Manual of the system

supplied by the manufacturer. One should use the Standard solution for this

correction. Rinse the electrode with water and dry it off, being careful not to rub

hard enough to abrade the glass around the electrode. Submerge the electrode in

the baseline standard solution, then turn the meter on and wait until the reading

stabilizes. Once you set the meter to calibration mode, the more advanced meters

detect the baseline solution and set the value themselves. lf the meter doesn't do

it automatically, you will be required to enter the value of the TDS/Conductivity

manually. Confirm the Reading when prompted. The meter will associate the

voltage being read with that particular standard.

$"k,h^.
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uctivity,

To make it dry just soak the probe using a lint free tissue paper buf
them to avoid corrosion on the surface of the probe.

For long-term storage of the meter keep the electrode in the storage solution

trapped inside a protective storage cap.

For short-time storage i.e. if you are using the meter again in the same day or in
the next day it is NOT necessary to keep the electrode inside storage solution. ln
that case please keep the electrode submerged in the distilled water.

Please DO NOT KEEP SUBMERGED the electrode in any de-ionized water or any

other acid or alkaline solution. Keeping in the neutral/natural water solution will
help maintaining the sensor in a good and stable condition.

Storage solution is commercially available

5. FREQUENCY OF CALIBRATION

r lt is recommended to calibrate the TDS/Conductivity meter prior to use at least
once in a day. But if there is any problem with the response/voltage output of the
sensor/electrode consultation with the qualified engineer is strongly
recommended so that the calibration status of the system as well as the sensor
condition is restored within the acceptable limit.

I Recalibrate if the battery of the pH Meter is replaced.

r After any maintenance and repairmen checking/verifying the performance as

well as the calibration is a MUST.

7. CHECKING THE PERFORMANCE

After calibration please check the TDS/Conductlvity of any fresh standard solution
different from the solutions used for calibration. That means, avoid checking the
TDS/Conductivity Meter by measuring the TDS/Conductivity of the same baseline
calibration solutions. lf the variation of the TDS/Conductivity result is within the
acceptable tolerance limit e.g. 0.L then the performance is considered to be OK.

Calibration solutions or baseline solutions once used please do not return them
again back in the standard reagent container. You may use the disposable

standards transfer pipettes. This is to avoid the contamination of the stock
standard solution. Discard the solutions after use. While using the standards in
any beaker it is strongly recommended to cover the same by aluminum foil. Direct
exposure to air may change the Standard Solution.

rc
5. MATNTENNACE OF

,t \
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sure

Taries from t%/"C to 3%l"C for

substances. The temperature coefficient defaults to 2%of"C, this being

adequate for most routine determinations.

Conductivity readings varying with temperature may be due to the substances

under test having a coefficient other than the typical value of 2o/of"C. To eliminate

this variation it is necessary to maintain all samples at the reference temperature

by use of a thermostatic water bath or equivalent. ln some meter, adjustment

may be made by selecting% on the secondary display via the Mode key and then

using the keys to the required value. Or one should consult the Operating Manual

of the particular meter.

After calibration the measurement of samples is carried out by immersing the

probe in the samples, allowing the reading to stabilise and recording the result.

The probe should be rinsed in deionised water between each sample to avoid

contamination, shaken to remove internal droplets, and the outside wiped (not

rubbed, just soaked) using lint free tissue prior to immersion in the next sample.

9. A WPTCAL PROCEDURE TO CALTBRATE A TDS/CONDUCTIVITY METER

Note: This is only an example of calibrating the OAKTON TDS/Conductivity Meter.

For other model please consult the manufacturer's operational manual.

9.1 For a full calibration i.e. calibration for all ranges of the meter you have to take Standards

for all ranges. lf the meter is having five ranges then take at least five Standards and

some extra two or three Standards for checking performance of the meter after

calibration.

9.2 For three point (say, for three ranges: 0-100, 101-1000, 1001-10000 pS/cm),

take at least five clean glass/plastic containers that can hold sufficient

Standards to immerse the TDS/Conductivity probe. One container containing

the rinsing de-ionized wateL three containing calibration solutions and one

contains a Standard solution having TDS/Conductivity around the mid range

(this one would be running as unknown for verifying the performance).

9.3 Perform a visual inspection of the probe. There should not be any crack, any

salt deposit or any other matter on the probe. lf any clean it using moist

cotton swab. Or use lint free tissue. DO NOT RUB, just soak.

9.4 Rinse the probe electrode in water and briefly shake off or wipe clean with

lint free tissue.

il.

All substances have a
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reading to settle.

9.7 Press the CAL button. " CAL" will flash briefly and then the TDS/Conductivity

reading will flash.

9.8 Press the HOLD/CON button. This will calibrate the meter to 84 pS/cm.

9.9 Rinse probe with water and shake or wipe clean with lint free tissue.

9.10 Place probe into Standard solution: 1413 pS/cm and allow the Meter reading to settle.

9.LL Press the CAL button. " CAL" will flash briefly and then the TDS/Conductivity

reading will flash.

9.12 Press the HOLD/CON button. This will calibrate the meter to L4L3 prS/cm.

9.13 Rinse the probe with distilled water and shake or wipe clean with lint free
tissue.

9.14 Place probe into Standard 5000 pS/cm solution and allow the TDS/Conductivity

reading to settle.

9.1-5 Press the CAL button. "CAL" will flash briefly and then the TDs/Conductivity
reading will flash.

9.16 Press the HOLD/CON button. This will calibrate the meter to Conductivity
5000 prS/cm.

9.L7 The TDS/Conductivity meter is now calibrated.

9.18 Checking performance. Measure the Conductivity of any other standard (known)

solution as an unknown solution and verify whether the reading is within the

acceptable tolerance limit e.g. 0.1 or not.

9.19 Submerge the Probe in the storage solution or distilled water.

9.20 The TDS/Conductivity Meter is now ready to measure the TDS/Conductivity
of other substances.

10 SPECTF|C CALTBRATTON EXAMPLE FOR OAKTON TDS/CONDUCTTV|W

METER MODEL CONs/TDS6

10.1 lmportant lnformation on Meter Calibration

This Model OAKTON CON 6 has five measuring ranges. One can calibrate one
point in each of the measuring ranges (up to five points). lf some one is

measuring values in more than one range, it is recommended that one should

9.5 Switch the meter

7
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range" column.

Conductivity Range Recommended
Calibration

Solution Range

0.00 ) 20.00 pS 6.00 to 17.00 ;tS

00)2000pS 60 0 to '170.0 
;rS

0 ) 2000 pS 600 to 1700 ;rS

000)2000ms 6.00 to 17.00

MS

00)2000ms 60 0 to 170.0

MS

TDS Range Recommended
Calibration

Solution Range

0 00 ) 10.00 ppm 3.00 to 8 50 ppm

100)100.0ppm 30.0 to 85.0 ppm

'100 ) 1000 ppm 300 to 850 ppn

'1 00 ) 10 00 ppt 3.00 to 8.50 ppt

'10.0 ) 200 ppt 30.0 to 170 ppt

When some recalibrate the meterl old calibrations are replaced on a range basis.

For example, if someone previously calibrated the conductivity meter at 1413 pS

in the 0 to 2000 pS range and if this meter is now recalibrated at 1500 pS (also in

the 0 to 2000 pS range), the meter will replace the old calibration data (1413 pS)

in that range. But the meter will retain all previous calibration data in other

ranges.

To completely recalibrate the meter, or when someone use a replacement probe,

it is best to clear all calibration data. To erase all the old conductivity or TDS

calibration data completely, see the instruction manual containing Section for

"Restore Factory Default Values".

10.2 Preparing the Meter for Calibration

r Before starting calibration, make sure that you are in the correct measurement mode.

r For best results, select a standard value close to the sample value you are

measuring.

:Alternatively use a calibration solution value that is approximatelV 2/3 the full-
scale value of the measurement range you plan to use. For example, in the 0 to
2000 pS conductivity range, use a L4L3 pS solution for calibration.

r Calibrate to all measurement ranges to ensure the highest accuracy throughout
all measurement range.

r Note that CON 6/ TDS 6 will not accept calibration values less than 40 pS/cm (20 ppm).

r All new calibration values will automatically override existing data.

the values in the "recommended
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are measuring in the mid ranges and you wash

water and store it dry, calibrate the meter once a month.

r lf you take measurements at extreme temperatures, calibrate at least once a

week.

I Ensure that you use new Conductivity standard solutions or sachets during
calibration.

I Do not reuse standard solutions as it may be contaminated and affect the
calibration and accuracy of measurements.

r Use fresh calibration solution each time you calibrate your meter.

r Store solutions in a dry and cool environment if possible.

r Always rinse the probe with either deionized water or rinse solution before and

after each ca I i bration/sa mple measu rement to avoid cross-conta mi nation.

r For any specific instruction or note , example below, please consult the
lnstruction Manual.

NOTE:Ihese meters are factory set fo a temperature
coefficient of 2.1% per 'C. For most applications
this will provide good resu/fs.

Io set the temperature coefficient to different value.
see Sectlon 6.5 - Temperature Coefficient.

A/so, see Addendum 3 - Calculating Temperature
Coefficient to determine the appropriate
temperature coefficient for your solution.

NOTE: The factory default value for normalization temperature

is 25 "C. lf you need to normalize to a value other
than 25 oC, see Section 6.6 - Normalization

Temperature.

10.3 Selection of Automatic or Manual Calibration

r This meter is capable of performing either automatic (only CON 6) or manual

calibration.

r ln the automatic calibration mode, the meter (only CON 6) automatically detects

pr, Lectures on Calibration of Laboratory Equipment



rds solutions being

of itson standards as one

nt range.

automatic calibration mode frees you from cumbersome calibration
procedure.

rThe known calibration standards used for automatic calibration are:

Temperature
Coefficient (tc "C)

Calibration Standards (Range)

25"C 1. 84 pS (for 0 - 200 pSicm)

2. 1413 pS (for 0 - 2000 pS/cm)

3. 12.88 mS (for 0.00 - 20.00
mS/cm)

4 111.8 mS (for 0.0 - 200.0

mS/cm)

20'c 1. 76 US (for 0 - 200 pS/cm)

2. 1278 pS (for 0 - 2000 pS/cm)

3. 1 1.67 mS (for 0.00 - 20.00
mS/cm)

4. 102.1 mS (for 0.0 - 200.0
mS/cm)

r ln the manual calibration, non-standard calibration values can be used for

calibration. You can manually input the appropriate values as your desired

calibration standards in each specific range. This is useful when you have a

customized calibration standard specifically unique for your application.

r To select Automatic or Manual Calibration settings, refer to lnstruction Manual

Section 6.3 - Automatic Calibration for more information.

10.4 Automatic Calibration

r ln the Automatic Calibration mode, the meter is capable of accepting either

single-point or up to 4 points for multi-point calibration with maximum of 1 point

per specific measurement range.

LO.4.t Press MODE key and select CONDUCTIVITY mode

LO.4.2 Rinse the probe thoroughly with de-ionized water or a rinse solution, then

rinse with a small amount of calibration standard. [Note: For Automatic

Calibration you must use one of the calibration standards listed in the table

abovel

10.4.3 Dip the probe into the calibration standard. lmmerse the probe tip beyond



for

LO.4.4 Press CAL key to enter conductivity calibration mode. The

will appear for 1.5 seconds, and a value will appear flashing. I NOTE: To

exit calibration without confirmation, press CAL key again to go back to

measurement mode.I

10.4.5 Wait for the value to stabilize and press ENTER key. The calibration

standard value will appear for 3 seconds. lf the calibration is successfully

performed, a [donE] will be displayed for about 3 seconds, and the meter

returns to measurement mode.

L0.4.6 To perform the next point calibration in the multi-point calibration, repeat

step 10.4.1 to 10.4.5 again until all points have been calibrated if

necessary.

!0.4.7 The meter is now calibrated. Please check the performance by measuring

the Conductivity value of any Standard solution running as an unknown

one.

10.4.8 The Meter is ready for use.

IMPORTANT NOTES:

1 . Meter allows a tolerance range of !400k of its
calibration standard. An error message "Err 1" will be
displayed for 3 seconds if you attempt to calibrate
with a solution whose value is outslde the tolerance
range.
For instance. For 1413 tts conductivity calibration
standard. 4094 tolerance is from 848 pS to 1978 uS.

2. lf the temperature (t "C) ot the conductivity calibration
solution is below 0 "C or above 50 "C (0"C < t "C >

50 "C). an error message "Err 2" will be displayed
when peiorming the auto calibration. and meter will
return to measurement mode.

3. All new calibration data will over-ride existing stored
calibration data for each measuring range calibrated.

4. lt is important to use new conductivity calibration
standards.

5. Low conductivity standard solution (less than 20 pS
/cm) cannot be available easily. Such low conductivity
standard will be contaminated as soon as il ls
exposed to the air therefore exercise caution during
calibration in the first measurement range (0.00 to
2O.O lrs /cm).
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I
I the sample can

results. necessary filter, or allow

lead to unstable and

the particles to settle
prior to immersion.

I Ensure no air bubbles are trapped in the measuring cell. Gentle agitation of
the cell should ensure that bubbles are purged.

r The entire plate area must be immersed in the solution under test. The slots in

the side of the sensor should be below the surface.

r lt is advisable to clean the sensor if contamination is evident. This should be

approached in a progressive manneL beginning with deionised water and

progressing to other solvents or a soft air brush if the deposits persist. The

carbon plates can be damaged and should not come into contact with
anything which is likely to abrade their surface.

r The temperature coefficient is very dependent on the solution being

measured and its concentration level. The effect of temperature change on

conductivity can be very significant, and if the temperature coefficient is not

known it is wise to measure all samples at the same temperature.

r The TDS mode displays results which have been calculated from the
measurement of conductivity. The salinity mode assumes that the major

constituent responsible for the conductivity of the solution is sodium

chloride. lf significant quantities of other conductive species are present then

the displayed results could be inaccurate. Likewise, the TDS mode assumes

some knowledge of the electrolyte balance of the analyte. The EC ratio
parameter found in the set up routine allows selection of a factor suitable for
the solution under test. Most analysers which do not offer this option use a

default value of 0.6.

12 PROBE CARE AND MAINTENANCE

r Keep the conductivity probe clean.

r Rinse the probe twice, and gently swirl it while you take readings. For best

accuracy, soak a dry probe for at least 5 to L0 minutes or longer before

calibration.

r Rinse the probe with deionized or distilled water before storing.

.:
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I

Never scratch the ba

Do not strike the probe against anf

twist probe guard

clockwise to remove

Do not make continuous contact with your solutions. Readings w
period of time while you soak your probe.

r Do not immerse the probe in oily solutions.

r Clean the electrode thoroughly by stirring it in a mild detergent bath or

isopropyl alcohol.

r Wipe the probe with a soft lint free tissue paper.

r Rinse thoroughly in tap water and then in deionized water.

r Recalibrate the meter after cleaning the probe.

r Some times conductivity probe comes with a removable probe guard to make

cleaning easy.

r To remove probe guard:

a. Grip yellow probe guard and twist clockwise. The locking notch will release.

b. Slide probe guard off end of probe. [Note: Remember to re-attach the probe

guard prior to taking readings. Failure to do so could result in erroneous
readings.l

7
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TDS/CONDUCTtVITY

SPECIFIGATIONS DESCRIPTIONS loN 6 TDS 6

Conductivity Range 0 to 20.00, 200.0, 2000 ;rS/crn;
O to 20.00, 200.0 mS/cm

Resolution 0.01,0.1, 1 pS/cm:
0.01. 0.1 .S/cnr

Accuracy +1olo F.S

TDS Range 0 to 10.00, 10 O to 100 O, 'l 00 to
1000 ppm;

1 O0 to 10 00, 10 00 to 100 0, Up to
200 ppt depending on the

TDS factor settinq.

Resolution O 01,0,1, 1 ppm;
0.01. 0 1 DDt

A6curacv 11% F.S-

Temperature Ranoe 'l 0.0 to 1 10.0 C

ResolutioniAccu racy 0.1 "C / I 0.5 for ''C

Cell Constant 0.1, 1.0, 10.0 (selectable)

Temperature
Compensation

Automatic / Manual (from 0 to 50 "C)

Temperature
Coefficient

00to3Oo/oI'C

Normalizatron
Temperature

2O.0'C and 25.O'C (selectable)

Conductivity to TDS
Conversion factor

0.4 to 1.0

Nurrrber of calibratiorr
points

5: Maxinrunr 1 per range
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CALIBRATION OF

UV-VIS SPECTROSCO PY SYSTEM

L. INTRODUCTION

Absorption Spectroscopic methods of analysis rank among the most

widespread and powerful tools for quantitative analysis. The use of a

spectrophotometer to determine the extent of absorption of various

wavelengths of visible light by a given solution is commonly known as

colorimetry. This method is used to determine concentrations of various

chemicals which can give colours either directly or after addition of some other

chemicals.

As an example, in the analysis of phosphate, a reaction with orthophosphate is

made, to form the highly coloured molybdenum blue compound. The light

absorption of this compound can then be measured in a spectrophotometer.

Some compounds absorb light in other than the visible range of the spectrum.

For example, nitrates absorb radiation of 22O nm wave length in the UV region.

il



yellow saffron

, punicin, was used to color the robes of the

deep orange hydrocarbon carotene is widely distributed in plants, but is

sufficiently stable to be used as permanent pigment, other than for food

coloring. A common feature of all these colored compounds, displayed below

(Fig 3) , is a system of extensively conjugated pi-electrons.

Some Natural Organic PigmentE

,CozH

K.errnesir: A.cid
iCarrninic Acid j

from the insect Coccus cacti
Z:H

Indigo
from .lsatr tinctorie {woad)

Z:Br
Funicin or Tyrian Furple

from mollusks of the genus ,rrurex

oHo

from s affron

i-i -r, ,J I r_r r_l_r t l,_

from carrots

Fig 3: Natural Organic Pigments or colored compounds

2.1, The Electromagnetic Spectrum

The visible spectrum constitutes but a small part of the total radiation
spectrum. Most of the radiation that surrounds us cannot be seen, but can be
detected by dedicated sensing instruments. This electromagnetic spectrum
ranges from very short wavelengths (including gamma and x-rays) to very long
wavelengths (including microwaves and broadcast radio waves). The following
chart displays many of the important regions of this spectrum, and
demonstrates the inverse relationship between wavelength and frequency
(shown in the top equation below the chart).

Many of these

were also known. These

Lectures on Calibration of taboratory Equipment
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The Electromagnetic $pectrum

Visible

X-Rays F{ Microware

Gamma uv lH I

RiF- Radio

Frequency Hz

Energy kcal

Fig 4: Electromagnetic Spectrum beyond the visible range

The energy associated with a given segment of the spectrum is proportional to
its frequency. The bottom equation describes this relationship, which provides

the energy carried by a photon of a given wavelength of radiation.

V=cltr where,V=frequency,tr=wavelength,c=velocityoflight(c=3*1010cm/sec)

AE=h V where, E = Eneryy, V = frequency, h= Plank's constant (h = 6.6*10-27 erg-sec)

To obtain specific frequency, wavelength and energy values these relations are

used.

2.3 UV-Visible Absorption Spectra

To understand why some compounds are colored and others are not, and to
determine the relationship of conjugation to color, we must make accurate

measurements of light absorption at different wavelengths in and near the

visible part of the spectrum. Commercial optical spectrometers enable such

experiments to be conducted with ease, and usually survey both the near

ultraviolet and visible portions of the spectrum.

1010'l10'310-510-710-s10-ll10-ll

10310-110-']10's10'10-q10-ll

10s10710610'l1021001U-210'{

10i10e101 
I
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?
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e
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I

1 0'610'41U'21001U'1il4106104
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Fig 5: It and O-electron transitions among the quantum mechanical energy levels

The visible region of the spectrum comprises photon energies of 36 to 72

kcal/mole, and the near ultraviolet region, out to 200 nm, extends this energy

range to 143 kcal/mole. Ultraviolet radiation having wavelengths less than 200

nm is difficult to handle, and is seldom used as a routine tool for structural

ana lysis.

The energies noted above are sufficient to promote or excite a molecular

electron to a higher energy orbital. Consequently, absorption spectroscopy

carried out in this region is sometimes called "electronic spectroscopy". A

diagram (Fig 5) showing the various kinds of electronic excitation that may

occur in organic molecules is shown on the left. Of the six transitions outlined,

only the two lowest energy ones (left-most, colored blue) are achieved by the

energies available in the 200 to 800 nm spectrum. As a rule, energetically

favored electron promotion will be from the highest occupied molecular

orbital (HOMO) to the lowest unoccupied molecular orbital (LUMO), and the

resulting species is called an excited state.

tsE-,'rr:r.:

t-
o* (anti-tlon dinE)

n+ (anti-bon ding j

n (n un-hondinr: )

r (bundinq)

o (bondinq)
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ecule, some

is promoted to a higher energy orbital.
'spectrometer 

records the wavelengths at which absorption occurs, together

with the degree of absorption at each wavelength. The resulting spectrum is

presented as a graph of absorbance (A) versus wavelength, as in the isoprene

spectrum shown below. Since isoprene is colorless, it does not absorb in the

visible part of the spectrum and this region is not displayed on the graph.

Absorbance usually ranges from 0 (no absorption) to 2 (99% absorption), and is

precisely defined in context with spectrometer operation.

Because the absorbance of a sample will be proportional to the number of

absorbing molecules in the spectrometer light beam (e.g. their molar

concentration in the sample tube), it is necessary to correct the absorbance

value for this and other operational factors if the spectra of different

compounds are to be compared in a meaningful way. The corrected absorption

value is called "molar absorptivity", and is particularly useful when comparing

the spectra of different compounds and determining the relative strength of

light absorbing functions (chromophores).

Molar absorptivity (e) is defined as:

Molar Absorptivity, e = A ICL

Where,

A= Absorbance,

C = sample concentration in moles/liter

L = length of light path through the sample in cm

lf the isoprene spectrum on the right was obtained from a dilute hexane

solution (C = 4 * l-O-s moles per liter) in a L cm sample cuvette, a simple

calculation using the above formula indicates a molar absorptivity of 20,000 at

the maximum absorption wavelength. lndeed the entire vertical absorbance

scale may be changed to a molar absorptivity scale once this information about

the sample is in hand.

Z
-:

energy that matches a
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il

Isoprene

200 220 240 260 280 300 320 340

1 /nm\

Fig 5: Wavelengths of the energies absorbed or emitted due transitions of the

bond electrons and the corresponding molar absorption coefficients (showing

different bond energies C=C, N=O, C-X, X-Br, X-l)

From the chart above it should be clear that the only molecular moieties likely
to absorb light in the 200 to 800 nm region are pi-electron functions and

hetero atoms having non-bonding valence-shell electron pairs. Such light

absorbing groups are referred to as chromophores. A list of some simple

chromophores and their light absorption characteristics is provided on the left
above. The oxygen non-bonding electrons in alcohols and ethers do not give

rise to absorption above 160 nm. consequently, pure alcohol and ether
solvents may be used for spectroscopic studies.

The presence of chromophores in a molecule is best documented by UV-Visible

spectroscopy, but the failure of most instruments to provide absorption data

for wavelengths below 200 nm makes the detection of isolated chromophores
problematic. Fortunately, conjugation generally moves the absorption maxima

to longer wavelengths, as in the case of isoprene, so conjugation becomes the

major structural feature identified by this technique.

Molar absorptivities may be very large for strongly absorbing chromophores
(>10,000) and very small if absorption is weak (10 to L00). The magnitude ofe

reflects both the size of the chromophore and the probability that light of a

given wavelength will be absorbed when it strikes the chromophore.

n->II*
n->IIr

n->[r
,t -> lt*

n->o*
n->o*
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bf 1-pentene,

) clearly demonstrates the importance of ch

jugation. Further evidence of this effect is shown below. The spectrum on

the left illustrates that conjugation of double and triple bonds also shifts the
absorption maximum to longer wavelengths. From the polyene spectra
displayed in the center diagram, it is clear that each additional double bond in
the conjugated pi-electron system shifts the absorption maximum about 30 nm
in the same direction. Also, the molar absorptivity (e) roughly doubles with
each new conjugated double bond. Spectroscopists use the terms defined in
the table on the right when describing shifts in absorption. Thus, extending

conjugation generally results in bathochromic and hyperchromic shifts in

absorption.

The appearance of several absorption peaks or shoulders for a given

chromophore is common for highly conjugated systems, and is often solvent

dependent. This fine structure reflects not only the different conformations

such systems may assume, but also electronic transitions between the different
vibrational energy levels possible for each electronic state. Vibrational fine

structure of this kind is most pronounced in vapor phase spectra, and is

increasingly broadened and obscured in solution as the solvent is changed from
hexane to methanol.

1,6.,.230 nm e'11,600

H

).-ot,,,tl
H<=-<

H

300

-X(nm) -

1

o
0
c
tr

f
o

!
o

I

o,6

Fig 7: Solvent effects or shift of wavelength due to solvents
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When two do

atomic orbitals combine to generate four pi-molecular orbita

bonding and two are antibonding). This can only understand properly after

applying some quantum mechanical treatments which is beyond the limit of

this article. ln a similar manner, the three double bonds of a conjugated triene

create six pi-molecular orbitals, half bonding and half antibonding. The

energetically most favorable r -> n* excitation occurs from the highest energy

bonding pi-orbital (HOMO) to the lowest energy antibonding pi-orbital (LUMO).

following diagram illustrates this excitation for an isolated double bond (only

two pi-orbitals) and, on clicking the diagram, for a conjugated diene and triene.

ln each case the HOMO is colored blue and the LUMO is colored magenta.

lncreased conjugation brings the HOMO and LUMO orbitals closer together.

The energy (AE) required to effect the electron promotion is therefore less, and

the wavelength that provides this energy is increased correspondingly

(remember l=h.c/AE).

#n
L-L

#r

Fig 8: Examples of r -> r* Excitation

Many other kinds of conjugated pi-electron systems act as chromophores and

absorb light in the 200 to 800 nm region. These include unsaturated aldehydes

and ketones and aromatic ring compounds. A few examples are displayed

below (FiS 9) . The spectrum of the unsaturated ketone (on the left) illustrates

trlI

$
E
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*
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Tery strong, with an € = l-

absorption near 300 nm has an e = 100.

It-*3g*

0 l__
200 250 300 350 400

- 

h*r* (nm)-+

0

ftco{ /oH

,rrl'$,

1?,000

9,00

t

I

200 3U0 400

-?t*.* 
(nm)-----+

Fig 9: Absorptions for aromatic rings of benzene and other aromatic

compounds

.Then->n*



nm (€=

= 240). Only the last group of absorptions'

because of the 200 nm cut-off characteristic of most spectrophotometers.

added conjugation in naphthalene, anthracene and tetracene causes

bathochromic shifts of these absorption bands, as displayed in the chart on the

left below. All the absorptions do not shift by the same amount, so for
anthracene (green shaded box) and tetracene (blue shaded box) the weak

absorption is obscured by stronger bands that have experienced a greater red

shift. As might be expected from their spectra, naphthalene and anthracene

are colorless, but tetracene is orange.

t
log e

I

?n nnn

1|],ooo

I
I

h-.* : 235 nm

:tlrl

300 400

- 
l' (nm)*

:llrl 

-- 
?,,. . -. , r,...,1:*

Fig 10: Spectra of bicyclic diene and isoprene

The spectrum of the bicyclic diene (above right) shows some vibrational fine

structure, but in general is similar in appearance to that of isoprene, shown

above. Closer inspection discloses that the absorption maximum of the more

highly substituted diene has moved to a longer wavelength by about L5 nm.

This "substituent effect" is general for dienes and trienes, and is even more

pronounced for enone chromophores.

co e00 eCIffi
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-analysis are based

B light radiation of a specific wavelength. ln the analysis, the

amount of light radiation absorbed by a sample is measured. The light

absorption is directly related to the concentration of the colored compound in

the sample.

The wavelength (I) of Maximum Absorption is known for different compounds.

For example, the coloured compound formed for analysis of Phosphate

(molybdenum blue) has maximum light absorption at tr = 640 nm. Conversely, a

minimum amount of light is transmitted through the compound at l, = 640 nm.

This is shown schematically in Fig 11.

I
I

\

.O fag m
rbl.rliillr.t

t

,1. , ..

Fig 11: Light Absorption and Transmission by Phosphate-molybdenum blue

compound. Schematic diagram showing maximum light absorption (and

minimum light transmission) at tr = 640 nm.

v
--L-

lo -----------) >l

tigL2: Light energy of lntensity'lg' passes through a sample with

concentration ' C'. Some light energy is absorbed by the sample. The amount

of light energy exiting the sample has lntensity'l'

c

L

L-,,
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LightTransmission (T) = lo/ l= 10-KcL

Where,

a

o

a

a

lo = Light lntensity entering a sample

I = Light lntensity exiting a sample is

C= The concentration of analyte in sample

L= The length of the light path in glass sample

cuvette

K= a constant for a particular solution and wave

length

Plots of absorbance (A) and transmission (T) versus concentration (c) of the
analyte in sample according to the above equations is shown in Fig 13.

Fig 13: Beer-Lambert Law relates the amount of light Absorbance (A) by a
solution to the Concentration (C) of a compound in solution and the length of
light path L.

mous Beer-Lambert Low sates that:

Light Absorbance (A) = log (lo / | )= KCL

Or
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Concentration (C)
Concentration (C)
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(C) increases, light Absorption (A) increases,

o lf Concentration (C) increases, light Transmission (T) decreases,

exponentially

1. THE BASIC COMPONENTS OF THE SPECTROMETER

All spectrophotometer instruments designed to measure the absorption of

radiant energy have the basic components as follows (FiC 14):

o a stable source of radiant energy (Light);

a wavelength selector to isolate a desired wavelength from the source (filter or

monochromator);

. transparent container (cuvette) for the sample and the blank;

o a radiation detector (phototube) to convert the radiant energy received to

a measurable signal; and a readout device that displays the signal from the

detector.

Adjustable aperture 
-.

photoresistor

Light source /

Sample Amplifier

Monochromator

I

I

Cuvette

Fig 14: Components of a spectrophotometer

t

-
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its

iation. Light radiation passes

sample. The detector measures the energy after it has passed thro

sample. The readout device calculates the amount of light absorbed by the

sample displays the signal from the detector as absorbance or transmission.

The spectrophotometers which are used for such measurements may vary

from simple and relatively inexpensive colorimeters to highly sophisticated and

expensive instruments that automatically scan the ability of a solution to
absorb radiation over a wide range of wavelengths and record the results of
these measurements.

One instrument cannot be used to measure absorbance at all wavelengths

because a given energy source and energy detector is suitable for use over only

a limited range of wavelengths.

True linearity between absorbance and concentration according to Beer-

Lambert Law requires the use of monochromatic light. ln addition, a narrow

band of light ensures a greater selectivity since substance with absorption

peaks in other close by wavelengths are less likely to interfere. Further, it

increases sensitivity as there is a greatest change in absorbance per increment

of change in concentration. Both filters and monochromators are used to

restrict the radiation wavelength. Photometers make use of filters, which

function by absorbing large portions of the spectrum while transmitting

relatively limited wavelength regions. Spectrophotometers are instruments

equipped with monochromators that permit the continuous variation and

selection of waveiength.

The effective bandwidth of a monochromator that is satisfactory for most

applications is about from L to 5 nm. The sample containers, cells or cuvettes,

must be fabricated from material that is transparent to radiation in the spectral

reglon of interest. The commonly used materials for different wave length

regions are:

Itri! Lectures on Calibration of laboratory Equipment



a

a

T-mte glass:

in I R (infrared)

Plastic:

Polished NaCl or AgCl:

nm (2 mm)

hm) to 20000 nm (2 mm) in

Above 350 nm to 20000 nm (2 mm)

400-700 nm in visible region

Wavelengths longer than 20000

Cuvettes or cells are provided in pairs that have been carefully matched to

make possible the transmission through the solvent and the sample. Accurate

spectrophotometric analysis requires the use of good quality, matched cells.

These should be regularly checked against one another to detect differences

that can arise from scratches, etching and wear. The most common cell path

for UV-visible region is L=1 cffi. For reasons of economy, cylindrical cells are

frequently used. Care must be taken to duplicate the position of such cells with

respect to the light path; otherwise, variations in path length and in reflection

losses will introduce errors.

L. GENERAL MEASUREMENT PROCEDURES

As explained above, the Beer-Lambert Law forms the basis of the

measurement procedure. The amount of light radiation absorbed by a

compound is directly related to the concentration (C) of the compound.

The general measurement procedure consists of 5 steps:

o Step-L: Prepare samples to make coloured compound

o Step-2: Make series of standard solutions of known concentrations and

treat them in the same manner as the sample for making coloured

compounds

o Step-3: Set spectrophotometer to I of maximum light absorption

o Step-4: Measure light absorbance of standards

Step-S: Plot standard curve: Absorbance vs. Concentration, as shown in Fig 15.

Once the standard plot is made, it is simple to find the concentration of an

unknown sample:

M
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Fig 15: Plot of the standard calibration curve: showing the linear relation

between light absorption (A) and concentration (C) of the Standards

Fig 15: Finding the concentration of an unknown sample from the calibration

curve produced by the standard

Due to the fact that the overall composition of the sample is seldom the same

as that of the calibration standard, in some cases, the absorption

characteristics of the two may differ. Where such discrepancy is suspected, the
standard addition approach may be used, Here, a known amount of analyte is

added to a second aliquot of the sample. The difference in absorbance is used

to calculate the analyte concentration of the sample as illustrated in the

example below.

o(J
c
(o

-o
o
-o

Concentration (C)

Concentration (C)

o Measure the abs

read the related
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ent with reagents to generate

of phosphate yielded absorbance of 0.428. Addition of 1.00

of a solution containing 5.0 pg phosphorus to a second 25 mL aliquot

development of colour resulted in an absorbance of 0.517. Calculate

phosphorus in each mL of sample.

Solution:

Correct absorbance for dilution:

o Corrected absorbance = 0.517 (26.0125.0) = 0.538

o Absorbance caused by 5 pg phosphorus = 0.538 - 0.428 = 0.110

Therefore, amount of phosphorus in the 25 mL sample = (5.0/0.11) * 0.a28 (rc)

= 19.5 l.rg

o Or The Concentration C= 19.5125 Ug/mL = 0.778L pg/mL = 0.8

PglmL

o OrC=0.8ppm

o

2. ENVIRONMENTAL REQUIREMENTS

The temperature in the laboratory must be maintained at24"C t 4 "C

and the Relative Humidity must not exceed 55%.

Before running analysis warm up the system for at least 30 minutes.

7 SOP FOR OPERATIONAL QUALIFICATTON/PERFORMANCE

QUALIFICATION (Oa/Pq)

Note: This is only an example/or Shimodzu Model1501 PC. For other model

one must consult the manufacturer's operational manual.

N



an exampleror Shimadzu Model L6OLPC.

manufacturer's operational manual.

7,L Test Overview for OQ/PQ

Following is a list of tests pertaining to the verification of the UV-1601PC as per JP & EP/BP

Materials Used:

a. Standard Didymium Filter traceable to NIST or NMI

b. 0.005 M Sulfuric acid solution

c. 51.8 mg/L K2Cr2O7 in 0.005 M sulfuric acid solution

d. 1.2 g/LKCI solution in distilled water
e. O.O2% (vlvl toluene in hexane solution

f . O.O2% lv/vl toluene in methanol solution

Sl.No. Test Name Test Purpose lnitial & Date

1 System initialization Test Verify Current ROM Checksum

Version

2 Baseline Stability. Verify stability of baseline.

3 Wavelength Accuracy Test. Verify wavelength accuracy using

internal D2 Lamp.

4 Wavelength Repeatability Check Verify wavelength repeatability using

internal D2 Lamp.

5 Wavelength Repeatability check Verify wavelength repeatability using

standard didymium filter.

6 Control ofAbsorbance Checking specific absorbance of
K2Cr2O7 peaks at 235, 257, 313 & 350

nm.

7 Limit of Stray Light Checking stray light analyzing

absorbance of (l2gll) potassium

Chloride KCI solution.

8 Checking Resolution of the

system.

Checking resolution of the system

using 0.02% (v/v) toluene in hexane

solution

9 Second Derivative

Spectrophotometry

Checking second derivative

spectrophotometry functionality to
find a small negative extremum

between to big extrema at 261 nm

and 268 nm. using O.O2% (vlvl
toluene in methanol solution

7 SOP FOR r\,nA.NrF fl,IAl lEll|ATlnN'.. ..,,. ....

(oa/Pc)

7
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Verify Current ROM Checksum Version.

Acceptance Criteria:

1) Remove all sample cuvettes from the sample holder and depress
the [PowER] switch.
2) The instrument will perform an initialization sequence detailing
the following self checks:

lLSt lnataalize] / [ROM Memory Checkl / [RAM Memory Checkl ,/

[Filter Motor lnitialize] / [tight Motor lnitializel / [Scan motor
lnitializel / [wl Lamp Energy Check] / [Wavelength origin x search] /
[D2 Lamp energy Check] / [Wavelength origin 2 searchl /
lStandby...I
3) Successful completion of this test results in the instrument being
ready for use.

Version [-] Checksum [-].

Version [-] Checksum [-].

Conformity/Non-conformity Report:

7.2.2 Test 2:

Test Name: Baseline Stability

Purpose3 Verifying stability of baseline.

Method:

Acceptance Criteria:

Parameter Values
for Verification:

1) Remove cuvettes from the sample compartment and close the

cover-
2) Allow instrument to remain on for approx 30 minutes for D2 lamp

to reach maximum stability.
3) select "Spectrum" from "Acquire Mode" menu.
4) Select "Parameters" from "Configure" menu.

5) set the Measuring mode to o Abs.
5) Set the Recordint Range to Low [O.O] To High [O.O1].
7) Set the Wavenumber Range(nm) to Start [11OO] To End [19O] nm.

8) Set the Scan Speed to O Slow.

9) Set the Sampling lnterval (nm) to o Auto
10) Click on oK Button on Spectrum Parameters Window.
11) Click on Baseline Button to correct Baseline.
12) Click on Start Button to scan for spectrum.

[Wait until Completion of scanning from 11OO to 19O nm].
13) Write the file name and click on [Save].
14) Select Peak Pick... from Man3pulate menu.
15) On Peak Pick window select Graphics Plot from Output menu to
print the spectrum and data-

Baseline noise = O + O.OO2 Abs.

Actual Baseline noise: t

Report:

w
Test Name: .4

Method:

Parameter Values
for Verification:

Lectures on Calibration of Laboratory Equipment (



r re
Test Name: Wavelengh O"u

Purpose: Verify wavelength accuracy using internal D2 Lamp,

Method: 1) Remove cuvettes from the sample compartment and close the

cover.

2) select "Spectrum" from "Acquire Mode" menu.

3) Select "Parameters" from "Configure" menu.

4) set the Measuring mode to Energy,

5) Set the Recording Range to Low [1,0] To End [150.0].

6) Set the Wavenumber Range (nm)to Start [490] To End [480] nm.

7) Set the Scan Speed to Slow.

8) Set the Sampling lnterval (nmlto Auto.

9) Click on Energy... Button.

10) Set lamp to D2.

11)Set S|PD Gain to 2.

12) Click on OK Button.

13) Click on 0K Button on Spectrum Parameters Window.

14) Click on Baseline Button to correct Baseline.

15) Click on Start Button to scan for spectrum.

[Wait until Completion of scanning from 490 to 480 nm].

15) Write the file name and click on [Save].

17) Select Peak Pick from Manipulate menu.

18) 0n Peak Pick window select Graphics Plot from Output menu to

print the spectrum and data.

Acceptance criteria: The expected peak will found at any point between 483.0 nm to 489.0

nm,

Parameter Values

for Verification:

Actual peak found at wavelength of _nm.

Conformity/Non-conformity Report:

7.2.3
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IGltiE6't
Verify wavelength repeatability using internal D2 Lamp.

,lVlEthod:

Acceptance criteria:

1) Remove cuvettes from the sample compartment and close the

cover.

2) select "Spectrum" from "Acquire Mode" menu.

3) Select "Parameters" from "Configure" menu.

4) set the Measuring mode to O Energy.

5) Set the Recording Range to Low [1.0] To End [150.0].

6) Set the Wavelengh Range (nm)to Start [490]To End [480] nm.

7) Set the Scan Speed to O Slow.

8) Set the Sampling lnterval (nm)to O Auto.

9) Click on Energy... Button.

10) Set lamp to O D2.

11) Set SIPD Gain to O 2.

12) Click on OK Button.

13) Click on OK Button on Spectrum Parameters Window.

14) Click on Baseline Button to correct Baseline.

15) Click on Start Button to scan for spectrum.

[Wait until completion of scanning from 490 to 480 nm].

16) Write the file name and click on [Save].

17) Select Point Pick from Manipulate menu.

18) On Pick Point window select Graphics Plot from Output menu to

print the spectrum and data.

19) Repeat the above steps from [1a] to [18] three times to record 1't,

2nd and 3'd Peak.

20) Calculate max. Difference.

Wavelength difference should be max. +/- 0.1nm

Parameter Values

for Verification:

Standardpeak [-]nm
1'tpeak [-]nm
2ndpeak [-]nm
3'd peak [- ]nm

Max. Difference [-]nm.

Conformity/Non-conformity Report:



7.2.5 Test 5:

Purpose: Verify wavelenUn r.O.,

Method: 1) Remove cuvettes from the sample compartment and close the

cover.

2) select "spectrum" from "Acquire Mode" menu.

3) Select "Parameters" from "Configure" menu.

4) set the Measuring mode to O %T.

5) Set the Recording Range to Low [0.0] To End t150.01.

6) Set the Wavenumber Range(nm) to Start [600] To End [500] nm.

7) Set the Scan Speed to O Slow.

8) Set the Sampling lnterval (nm) to o Auto.

9) Click on OK Button on Spectrum Parameters Window.

10) Click on Baseline Button to correct Baseline.

11) lnsert a didymium filter in the sample side of the compartment.

11) Close the cover.

i2) Click on Start Button to scan for spectrum.

[Wait until Completion of scanning from 600 to 500 nm],

13) Write the file name and click on [Save].

14) Select Point Pick... from Manipulate menu.

15) Type 568.0 to points 1 text box.

16) Click on OK Button.

17) On Peak Pick window select Graphics plot from Output menu to
print the spectrum and data.

18) Remove the didymium filter from the cell compartment.

19) Repeat the above steps from [10] to [16].
20) Convert the %T difference into wavelength difference by the

relationship: 2.5% dispersion of the measured value corresponds to
+/- 0.L wavelength repeatability.

R (nm)= 0.1* (o/oT1,*T2)12.5

Acceptance criteria: The result will be R < [+/-0.1] nm,

Parameter Values

for Verification:

The value calculated [_ ]nm.

Conformity/Non-conformity Report:

7.

Test Name:
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bance of KzCrzOt peaks at 235,257,
313 & 350 nm.

Spectrum mode:

Wave length range (nm) : 400 to 190

Scan speed : Slow

Sampling interval (nm) : Auto

Measuring Mode : Absorbance

1)Place 0.005M HzSOa Soln in both the cuvettes inside the sample

compartment.

2)Click IBaseline] for baseline correction.

3)Wait for completion of baseline correction.

4)Take out the H2SOa Soln from the sample cuvette.

S)Take KzCrzOt Soln with sample cuvette and place this K2Cr2O7 Soln in

the sample holder.(Cuvette in the reference sample holder kept as it
is)

5) Click ISTART]

7)Wait for completion of the acquisition.

8) Perform -+Point Click.

9) Record the absorbance Values at 235, 257,3L3 & 350nm.

10)Calculate Specific Abs Ar. for wavlength )" :

Ar= (absr* 10000)/61.8 mL/mg-cm

11)Tabulate the results and compare with the tolerances specified in

the EP.

Wavelength (nm) Expected Specific Tolerance limitAcceptance criteria:

124.54 722.9-L26.2

1.44.86 142.8-145.7

48.62 47.0-50.3

107.56 104.9-108.2

Parameter Values

for Verification:

Wavelength (nm) Measured A1 Complies (YES/NO)

Conformity/Non-conformity Report:



A1=(abs*10000)/6f .9 =

7.2.7 Test 7:

L42.8-745.7

Test Name: Limit of Stray Light

Purpose: Checking stray light analyzing absorbance of (lZe/L) potassium
Chloride (KCl) solution

Method: Spectrum mode:

Wave length range (nm) : 220 to 190

Scan speed : Slow
Sampling interval (nm) : Auto
Measuring Mode : Absorbance

1) Take distilled water in both the sample and reference cuvettes and
place in the holders.

2) Click on [Baseline]
3) Wait for completion of base line correction.
4) Take out the cuvettes from the sample holder.
5) Place 12 g/L KCI solution in this holder (sample)

6) Click [START], Wait for completion of the scan.
7) From manipulation menu Point Pick
8) Type 2OO in Point 1 Box and press [OK]
9) Record absorbance at 2O0 nm and take a print out selecting
Graphics Plot from Output menu on Peak Pick window

Acceptance crateria: Absorbance at 2OO nm > 2.O

Parameter Values
for Verification:

Measured absorbance 2OO nm: t _ I

Conformity/Non-conformity Report:



Checking Resolution of the system.

Purpose: Checking resolution of the system using 0.02%V/V toluene in hexane

solution

From Spectrum mode set Parameters:

Wave length range (nm) : 275 to 250

Scan speed : Slow

Samplinginterval (nm) :0.5(minimum)

Measuring Mode :Abs

1) Take Hexane in both the cuvettes and click (Baseline).

2) Takeout the hexane from the sample cuvette,

3) Place 0.02%vlv toluene in hexane solution in the sample cuvette

(please keep hexane as the reference as it is) in the reference holder).

a) Click [Start] to collect the 0,02% toluene in hexane solution keeping

hexane as reference.

5) From Manipulation-+Point pick. Determine abs value of the

maximum peak around 269 nm (azog) and minimum peak around 255

nm (azoe)

6) Calculate the Ratio of absorbancs5 p 
=(226e)/(a260)

and ratio should be ) 1.48

Acceptance criteria: The minimum ratio of the absorbance at the maximum around 269

nm to that at the minimum around 266 nm should be at least 1.48

Parameter Values

For Verification:

Ratio observed Rzeg/zoo =

Conformity/Non-conformity Report:
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7.2.9 Test 9:

Test Name: Second r;-

Purpose: Checking second derivative spectrophotor",ry trnffiIffiffiE
small negative extrimum between to big extrema at 251 nm and 268

nm.

Method: Spectrum mode:

Wave length range (nm) :275to260
Scan speed : Slow

Sampling interval (nm) : Auto

Measuring Mode : Abs

1) Run Baseline keeping methanol in both reference and sample

cuvettes.

2) collect 0.2% (vlvl toluene in methanol placing the solution in
sample cuvette by pressing [Start].
3) From Manipulate --> Transforms

Source: Default

Destination: I
Order: znd

Delta-lamda: 2.00 (lowest)

Scaling factor: 1.00

Click [OK] -) Enter file name.

a)click [oK].
5) Presentation -+ Radar and Zoom the portion ofthe graph.

6) From Manipulate -+ Peak Pick

7) On Peak Pick window from Options ) Find Valleys

8) Observe a small negative extrimum located between two large

negative extrema at 261 nm and 268 nm

9) From Output ) Graphics Plot to have a prinout

Acceptance criteria: A small negative extremum should be observed (around 265 nm)

between two large negative extrima at 261 nm and 268 nm.

Parameter Values

For Verification:

A small negative extremum at 1"= nm observed

Conformity/Non-conformity Report:

7
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c.

d.

tions in System Manuals and supplied documentation.

b. Warm up at least 30 min before running sample.

Maintain Relative Humidity 45% - AO% and T within 2O'C - 3O"C. Record in equipment log-book.

Avoid vibration.

Use UPS with built-in voltage stabilizerto provide stable power supply. Avoid using common ac
mains supply of analytical instrument and that of heavy duty and or heating devices e.g.
AC/Dehumidifier/Oven/Furnace/sha ker/mixing device.

For maintenance only Manufacturer's authorized service personnel is allowed.

Annual Maintenance Contract (AMC) with the Manufacture's lational agent .

Next Performance Checking (PQ) Date:.
Note: Recommended frequency of checking is quarterly and or after maintenance work/servicing
whichever comes earlier.

7.4 Degree of Criticality:

Nil

7.5 Critical component (s):

Cuvette should be handled properly to avoid scratch on the light ente rng side.

Avoid spilling over corrosive reagent/fume generation inside the sample chamber.

7.6 System Certification

Studied data has determined that the system described in this document meets/does not meet all
criteria outlined in this Operational Qualification/ Performance Q.uality (OO/Pa) report. The
exceptional conditions have been identified and documentation as non-conformity report in the
respective section.

e.

f.

The system is Ready/Not-ready for specified usage

Report Prepared By: Abdul Monem Beverages ttd. (AMBt), Comilla

Name:

Title: Calibration Eneineer AMBL

Laboratory Technical
Manager's
Authorizataons:

Name:

Title:

Site:

Date:_

Date:
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