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Introduction
With the ever increasing knowledge and understanding in some of the 

frontier areas of science, it is imperative that a science teacher to keep in pace 

with these new developments. These modern advancements have to be reflected 

in his classroom teachings to update the students to the new concepts in the 

concerned areas of science. In recent years, the working teacher has been 

provided many opportunities to attend inservice programmes. These courses are 

meant mainly to update his knowledge in specific subject areas, to provide 

laboratory experiences and to give him exposure to the new methods of teaching.

In view of the above, the APSWREIS, Hyderabad, a leading educational 

organization Andhra Pradesh requested the Regional Institute of Education (RIE), 

Mysore, a constituent unit of NCERT, New Delhi to take up an .inservice content 

enrichment programme for Junior College Lecturers teaching chemistry at the 

Intermediate level. Accordingly, the programme was planned at RIE, Mysore in 

June 1998.

The programme was held from 8.6.1998 to 19.6.1998 at Regional Institute 

of Education, Mysore. Prof S N Prasad, Principal, RIE, Mysore inaugurated the 

programme. In the subsequent session, the tentative schedule was presented and 

suggestions were invited from the participants. As per their requirements, the 

topics/units/laboratory work to be given greater emphasis were listed out. The 

programme was conducted according to the Schedule enclosed herewith 

(Annexure I).

A group of twenty eight Junior College Lecturers in Chemistry selected 

from various districts of Andhra Pradesh and deputed by APSWREIS attended the 

two week programme (Annexure II). The resource persons were drawn from the 

chemistry faculty of RIE, Mysore. In addition to them, two local resource 

persons were also associated. The details are furnished in Annexure III.
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About the Training

There were lecture-discussion sessions in the forenoon qn selected topics 

from the Intermediate syllabus of Andhra Pradesh. This included Atomic 

Structure, Chemical Bonding, Thermodynamics, Nomenclature of organic 

compounds, chemical equilibrium, periodic table, mechanisms of organic 

reactions, gaseous state, chemistry of s, p and d-block elements and kinetics of 

chemical reactions. There was a session on science education where education 

technology and psychological aspects were discussed.

In each session, the participants were encouraged to ask questions in the 

free environment. Overhead projector and slides were used wherever felt 

necessary. There were lively discussions and effective interaction. The lectures 

were specially designed with an inbuilt methodology and the possible difficulties 

arising in teaching the specific topics were also discussed.

Afternoon sessions were mainly devoted for laboratory work, wherein 

individual hands-on experiences were provided. These included experiments 

related to stoichiometry, preparation and properties of gases, thermochemistry, 

chemical equilibrium, chemical kinetics and electrochemistry. Some of the text 

book activities were also demonstrated to enable the participants to include them 

in their routine work. The most important aspect of the lab session was the post­

lab discussions. The detailed analysis of the results obtained in the laboratory and 

its correlation with the theoretical aspects was done.

There were two demonstration-discussion sessions. One session dealt with 

the cathode ray production in a discharge tube and study of its properties. Study 

of Atomic Spectra of selected elements was an experience by itself. A Computer 

Laboratory session was arranged wherein the use of computers as a means of 

conveying some of the abstract aspects and upto dating the knowledge was 

highlighted. The ability of computer in information collection and processing was 

illustrated using Internet facility. Chemistry packages including Encyclopedia 

Britannica available on CD-ROM were also displayed.
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A provision was made in the programme schedule for two problem solving 

sessions. In these, the participants were provided with a set of numerical 

problems on chemistry topics. They were encouraged to solve them individually 

and discuss at length with others.

Some interesting videotapes on Hydrogen spectra, Hydrogen atom - as 

viewed by Quantum Mechanics were screened and post-film discussion was 

conducted. A visit to the RIE Library was arranged on participants’ request. This 

enabled them to get acquainted with the various journals, periodicals and 

textbooks on chemistry and teaching of chemistry.

The valedictory function was held on 19.6.1998 afternoon. Dr V Kesavan, 

Head, Dept of Chemistry gave away the certificates to the participants. Reference 

materials on few chapters (Annexure IV) and an Inservice Training Package on 

“Structure, Bonding and Reactivity” was given to the participants.
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Training Schedule

(8.6.1998 to 19.6.1998)

Date 9.30 am to 11 am 11.15 am to 12.45 pm 2.00 pm to 5.00 pm

8.6.98 Registration and Inauguration Discussion with participants
(DrVK, Dr GRP, Dr MSS)

Mole Concept and Stoichiometry
(Dr VK, Dr GRP)

9.6.98 Chemical Bonding - I (Dr BSR) Atomic Structure - I (Dr MSS) Problem Solving -1 
(Dr GTB, Dr MSS)

10.6.98 Atomic Structure - II (Dr MSS) Chemical Bonding - II (Dr BSR) Inorganic Chemistry (Dr BSR, Dr GRP)

11.6.98 Thermodynamics - I (Dr GTB) Organic Chemistry - I (Dr VK) Thermochemical Measurements 
(Dr GTB, DR MSS)

12.6.98 Thermodynamics - II (Dr GTB) Periodic Table (Dr GRP) Problem Solving - II and Chem Study Film 
(Dr BSR. Dr MSS)

13.6.98 Chemical Equilibrium - I (Dr ASJ) d-Block Elements/Metallurgy (Dr BSR) Organic Chemistry (Dr VK, Dr BSR)

14.6.98 Field Work

15.6.98 Chemical Equilibrium - II (Dr GTB) s & p Block elements - I (Dr GRP) Study of a system at equilibrium 
(Dr GTB. Dr KCS)

16.6.98 Organic Chemistry - II (Dr VK) s & p Block Elements - II (Dr BSR) Demonstration - Discharge tube experiments, 
atomic spectra (Dr RN)

17.6.98 Organic Chemistry - III (Dr VK) Kinetics - I (Dr GRP) Electrochemistry (Dr ASJ, Dr VK)

18.6.98 Science Education (Dr VDB) Applications of Computers in Chemistry 
(Dr GRP. Mr DNN)

Kinetics of a Chemical Reaction 
(Dr ASJ, Dr KCS)

19.6.98 Gaseous State (Dr GTB) Nuclear Chemistry / Library Work 
(Dr MSS) Feedback from participants and valedictory

(M S Srimathi) 
Academic Coordinator
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Anncxure - II

List of Participants

1. G Krishna Murthy
Junior Lecturer in Chemistry
A P S W R School & Junior College
Naidupet
Nellore Dist

2. V Hema Bhushan
Junior Lecturer in Chemistry
A P S W R Junior College I School
Karempudi
Guntur

3/ N VS Lakshmi
Junior Lecturer in Chemistry 
A P S W R Junior College 
Cheepurupalli
Vizianagaram Dist

4. S Vidya Rani
Junior Lecturer in Chemistry 
A P S W R Junior College 
Parkal
Warangal

5. S Suryanarayana Reddy 
Junior Lecturer in Chemistry 
A P S W R Junior College 
Kalasamudram 
Anantapur

6. B Manohar Rao
Junior Lecturer in Chemistry 
A P S W R Junior College 
Maluguru
Anantapur

7. K Ramesh Babu
Junior Lecturer in Chemistry 
A P S W R College, Atchampet 
Guntur Dist., AP

8. B Srinivasa Rao
Junior Lecturer in Chemistry 
A P S W R Junior College 
Arugolanu
West Godavari Dist
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). K Srinivasa Rao
Junior Lecturer in Chemistry 
Dr B R A C S W Junior College 
L N Puram
East Godavari Dist

10. P V S N Seetharamam 
Junior Lecturer in Chemistry 
A P S W R Junior College 
Tiruvur 521 235

11. D Ansari Begum
Junior Lecturer in Chemistry 
DrBRACAPSW Residential Junior College 
Kurugunta 515 001

12. D Srinivasachari
Junior Lecturer in Chemistry 
A P S W R Junior College 
Kopperla
Vizianagaram Dist

13 K V Satyavathi
Junior Lecturer in Chemistry 
A P S W R Junior College 
S M Nagar, Kakinada 
East Godavari Dist

14. V Laxmanjali Devi
Junior Lecturer in Chemistry 
A P S W R Junior College 
Adilabad

15. P Venkata Chalam
Junior Lecturer in Chemistry 
A P S W R S Junior College 
J P Nagar
Mahabub Nagar Dist 509 324

16 Ch Narasimha Reddy
Junior Lecturer in Chemistry 
A P S W R J College 
Shaikpet
Hyderabad

t7. K Jayalakshmi
Junior Lecturer in Chemistry 
A P S W R J College 
Kota, Nellore Dist
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18. K Bharathi
Junior Lecturer in Chemistry 
A P S W R Junior College 
Chimakurthy 
Prakasam Dist

19. P Srinivasa Rao
Junior Lecturer in Chemistry 
A P S W R Junior College 
A R Pally
Khammam Dist

20. S N Mohan Reddy
Junior Lecturer in Chemistry 
A P S W R Junior College 
Armoor
Nizamabad Dist

21. M Rajendra Chary
Junior Lecturer in Chemistry 
A P S W R Junior College 
Jangaon •
Warangal Dist

22. H Cheralu
Junior Lecturer in Chemistry 
A P S W R Junior College 
Ghanphur
Warangal Dist

23. T Hanumantha Rao
Junior Lecturer in Chemistry 
A P S W R Junior College 
Velugonda, Prakasam Dist

24. B Rupini
Junior Lecturer in Chemistry 
A P S W R Junior College 
Hanamkonda 
Warangal Dist

25. V Udaya Sree
Junior Lecturer in Chemistry 
A P S W R Junior College 
Suryarpet
Nalgonda

26. T R J Vinutha
A P S W R Junior College 
Chinnachowk, Cuddapah

iii



1. G Grace
A P S WR Junior College
Polasanipalli
West Godavari Dist

8. C Santhi Visala
A P S W R Junior College 
Ameenapet, Eluru, A P

9. E John Kennedy
Junior Lecturer in Chemistry 
A P S R J Junior College 
Rudravaram 521 001 
Krishna Dist
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Annexure III

LIST OF RESOURCE PERSONS

1. Dr V Kesavan

2. Dr G T Bhandage

3. Dr B S Raghavendra

4. Dr G R Prakash

5. Dr R Narayanan

6. Dr V D Bhat

7. Sri D N Nagaraj

LOCAL RESOURCE PERSONS

1. Dr A S Janardhan

2. Dr K C Srinivasa Murthy

COORDINATOR

Dr M S Srimathi, Department of Chemistry
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Annexure IV

Observations and Suggestions for monitoring the training programmes :
Based on the experience gained in the present training programme, it is felt 

that the following points need to be considered in conducting such programmes in 

future and monitoring of the training.

1. The duration of the programme should be at least two weeks. Chemistry, 

being an experimental science and laboratory work requiring equal 

emphasis as theory, the number of participants should not.exceed thirty.

2. The venue of the training programme should have facilities like good 

library, well equipped laboratory for conducting experiments at the 

Intermediate level. In addition, facilities for screening video films and 

Over Head Projector(OHP) are desirable.

3. Participating teachers should be contacted well in advance to find out their 

requirements as to the topics to be discussed or laboratory work with 

specific details.

4. Resource persons may be requested to give a write-up about the topics 

chosen for discussion. The write-up should include major concepts, inbuilt 

methodology for teaching the above and relevant evaluation items.

5. During the training period, a special emphasis may be given for solving a 

number of numerical problems under different topics.

6. . A few sessions may be devoted exclusively for the participants to present

their views on some selected topics and teaching methodology.

7. Lecture-cum-discussion sessions on psychology and science education will 

be useful for the participants.

8. The programme should help the participating teacher to train his/her 

students for competitive examinations.

In the chemistry group, the following five teachers have been identified 

who could be used by the APSWREIS for further training programmes.
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1. Sri G Krishna Murthy 
Junior Lecturer in Chemistry 
APSWR School and Junior College 
Naidupet
Nellore Dist

2. N V S Lakshmi
Junior Lecturer in Chemistry 
APSWR Junior College 
Cheepurupalli 
Vizianagaram Dist

3. SN Mohan Reddy
Junior Lecturer in Chemistry 
APSWR Junior College 
Armoov
Nizamabad Dist

4. V Ddaya Sree
Junior Lecturer in Chemistry 
APSWR Junior College 
Suryarpet
Nalgonda

5. TRJVinutha
Junior Lecturer in Chemistry 
APSWR Junior College 
Suryarpet
Nalgonda
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Annexure V

Resource/Instructional Materials given to the participants :

1. Periodic Tabic of elements supplied by Sargent-Welch Scientific 

Company, Illinois, 60089.

2. Table of Periodic Properties of Elements supplied by Sargent-Welch, 

Illinois, 60089

3. Pictorial representation of Electrons in Atoms - Shapes of atomic orbitals.

4. Structure, Bonding and Reactivity - Inservice Training Package Material, 

Chemistry Section, RIE, Mysore.

5. Laboratory procedures for conducting selected experiments in chemical 

equilibrium, potentiometry, thermochemical measurements, chemical 

kinetics.
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Shapes of Atomic Orbitals
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Study of a System at Equilibrium

Princ iplq : hh acid and an alcohol reacts to form an ester
and water while the ester is hydrolysed to give the original 
acid and alcohol. These opposing reactions proceed until .ar
state of equilibrium is reached. The equilibrium constant 
obtained in this method is in error since the activity 
coefficient arc neglected. The reaction is

C2H5OH + C.igCOOH -—CH3COCC2H5 + H20

Since the equilibrium is obtained very slowly, it is necessary 
to add HC1 as catalyst.

Procedure : The following mixtures in the bottles are prepared, 
stoppered immediately and allowed to stand for a week in a warm.
place with occasional shaking. It is - not essential to th-'Xtuostai 

the mixture when equilibrium is established. Titrate the 
contents of each bottle (2 mi) with the given standardised NaOH 
solution.

Vol of acetic 
acid (cc)

Sample No. Voi of Vol of 
HLl^cc) ethyl

Volof Vol of absolute 
alcohoi(cc)n^O

-
acetate

(cc) (cc)

1 250 0 250 0 0
r 250 250 0 0 0 '
zV 250 200 50 0 0
A 250 100 150 0 0
5 250 200 0 50 0
6 250 200 , 0 0 50

For the calculation, weight of each reactant and product in the 
mixture is calculated. From the data, equilibrium constant 
(esterification/ hydrolysis) is obtained.



POTENTIOMETRY

•‘im* 'jo study the relative strengths of chemical species as 
oxidising agents and hence to construct ; 1 petrochemical 
cells‘of diff rent * 1. ctromotive force.

introduction :

It is known that '‘laments differ from one another in their
"bility to function as oxidizing agents. A me-.-sur.? of this 
'bility is their tendency to gain electrons. The noticeable
vidence of this is'when a metal ion from a solution of the

Metallic salt is deposited•as the metal; or when a non-metallie 
lenient in solution is converted to the anion. You will collect 
uch evidences in Part 1 of this experiment.

Since redox reactions involve transfer of electrons from one 
species to another, we can regard such reactions as combinations 
of two half reactions - one in which a species is undergoing 
oxidation (giving up electrons; and a second, in which a species 
is undergoing reduction (gaining electrons). In Part 1, the two 
species were in direct contact, so that the electron transfer 
occurred directly. The two species could as well be physically 
separated from one another and the electrons generated by the 
oxidation o,f one species transfe rred. through a metal wire to the 
other, which could unc . rgo reduction. In Part 2 of this experiment 
you will.be doing this.

The electrons that are being transferred through the metal 
wire may be able to perform work for us - they cm light a bulb:

fpy can drive the needle of a galvanometer end so on. In fact 

esc- latter can be taken as the observable evidences for 
electron transfer. The devic° is thus able to prf rm ' lectrical 

work. It is able to do fo because in one part of the device, 
we have a species which can undergo oxidation and in another 
part, a species which can undergo reduction. Sine-, these 
essentially chemical processes are responsible for any

• * 4

electrical work that the device can perform, the, device is 
called as electrochemical cell . Just as the- cell rt action is a

. .2

will.be
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combination of two half reactions, the cell is a combination of 
two half cells. In tach half cell is a suitable • el* ctrolyt 
solution in-contact with a metal. The reaction in the half call
occurs at the m tal-solution interface. Electrons enter ancl 
leave the solutions through the metals' in contact with them. 
Electrical .conicct b tween the solutions in the two half cells 
is maintained usually through a salt bridge which consists of 
concentrated solution of KC1 or MH^NOg in a.U-tube.

Since electrons can be transferred from one point to ah?th' 
only if there is a potential difference between the points, we 
can infer that the electrodes in the two half cells are at 
different potentials. The difference in these •’electrode 
potentials’ is called the electromotive iorc»>, < mf of ‘the cell.
Th re is no experimental method for determining the individual 
electrode potentials. The potential difference b, tv • ?n the 
-electrodes, that is the cmf of the cells can however b-. me;, surest 
either with a high resistance voltmeter or a potentiom c r.
The potentiometer is almost invariably employed for reasons to 
discussed later. In this experiment, you will measure the -.mfs 
of several cells. «v direct reading millivoltrm ter will bo used, 
so thae the measurements can be made ’expeditiously.

•In Part 3 of this experiment, you will determine the ~mf s ol 
the cells in which the calomel electrode is one of the electrodej 
Since one of the electrodes is kept- common, this method could 
serve.- the purpose of comparing the potentials of several 
electrodes with reference to calomel, -we can then think of 
a relative scale of ■ lr'ctrode potentials. Once we understand’ 
this, we can prc-c*. d to find out how those relative potentials 
of electrodes d>p .no on the- concentrations of the ?lectrolyt' 
solutions in the half cells 5 which they are a part. This will 
be done in Part 4.

in all these measurements, an important observation to b_ 
made is the polarity of the electrode. If the electrode is th 
negative terminal, an oxidation would be the spontaneous 
process •; t it. if it is positive, a reduction would b- the 
spontaneous proc ss at the electrode. You will notice that the

.. . 3



electrode in different combinations may assume aiffar'-nt 
itics. One coulci inf< r that whether oxidation or reduction 

i occur in a half cell depends, on the nature of the other 
cell. Tnese points would become clearer during the course 
le experiment.

.rials heeded ;

aetal strips ;
100 cn^ beakers ;

Test tubes’(large size) •
Measuring cylinder 20 cm :

R 3 ano 5 cm
Emery paper (3” square) . •

» Approx. 0.1 j\, solutions : 
of ($bout 100 cm3 of each)

. aqueous solutions of ;
halogens

i- Salt bridge .(agar s- KG1)
> Calomel elecwde

platinum foil electrode
I " .Millivoltrneter and 

connecting wires

Coppr.?r, Zinc, Lead, Dickel, etc.

'•Two 

• Five
One each

Two sheets

CUSO4, Znb04, NisO^, Pb(l\iO3), 
HC1, ixBr, kl, -tc.

i)•Chlorine wat^i 
ii) Dilute solutions of Br2 in

kBr and I2 in Kl.
One
One
One

F □ c e d u re

Part 1 :
o-Transfer about 10 cm each of the solutions of CuSO^,

.ZnS04, NiSO^, pb(l\'Og)2 and rlCl into five separate test tubes

Clean the strip of zinc with emery paper end dip in the 
solution of CubO4, NoV-'the ro.-ction, if any. Record in 
Table 1. (Use a A mark t indicate 'no reaction' and a vZ 
mark to indicat? 'reaction'.).
Lash the strip of zinc with water ano clean with emeryr 
paper. Dip it in the solution of I'libO^. Rote and me orc.
.reactions, if any, in i able 1 as in step 2.
Tost the re./.ction of zinc with the other solutions providec, 
including HC1, as in chi. previous steps. record us befor;.
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b. Repeat.the abov' steps with the oths r metal strips, lb cord 
all observations in Table 1 .

6. nt the end of the experiments, clean the rnetall strips and 
keep them aside.

3
7. Take, in three separate test tubes,, about 5 cm each of the 

solutions of KC1, kBi* and Kl. ndd a little CI2 water to 
each test tube. Obs'-rv? and note c. anges, if any. i-.ct.-two^ 
drops of CGl^ to each test tube,' shake and note observations 
in Table 1 .

U. Repeat step 7 with Br^ ano then 1^ solutions in place of 
chlorine water. Record all observations in Table 1.

J? art 2
1 . Dip clean strips of the metals in their respective salt, 

solutions taken in separate beakers (Copper in CuS04 and so 

on).
Each of these is a half cell. Use the notation (s;i (ag; 

,9
to represent the naif cell (For example, Cu^ ' |GU(. < .

2 . * 1 oConnect the CuJCu^ half"cell to the Zn|Zn half cell using 
a salt bridge as indicated in the diagram.'
This is a typical arrangement for an electrochemical cell

3. Connect the copper and zinc strips to separate terminals
on the mil livoltm. t< r using crocodile clips and connecting^ 
wire. If the voltage indicated is positive, not<- the 
polarities of tir: two m tai strips. Note the emf in Table,
2. if the emf indicated is negative, change the polarities.

+24. Combine the Cu | Cu half cell with each of the other half 
cells in turn ano note the emf and the polarities of the 
metal strips in each-case. Record the data in Table 2.
(It is essential that the two legs of the salt bridge must 
first ’ leaned on the- outside with distilled water b'fori 
dippi: icm in n-w solutions).



b

5. Hepeat steps 2 to 4 with another pair of half cells. ,.ork 
•.-/ith all possible combinations of half cells of step 1 • 
bUcora.all the emf data-in Table 2.

P art 3 ;

1. Take one of the half cells constructed in part 2 and dip the 
calomel electrode in it. The construction of the calomel 
electrode supplied to you is such that you can avoid th' U~ 
tube salt bridge in combining it with the half cell.

2. ’ Connect the calomel to one terminal and the metal strip to
the other terminal cf the millivoltm; ter and note th»-: emf. 
necord in Tabla 3.

3. ii?peat steps 1 and 2 with the other half cells of part 2.
4. wash the beakers and the metal strips. Clean the metal 

strips and keep them aside.

5. Take, the following solutions in separate beakers.
a) solution of Br^ in kBr.
b) solution of in kl.
c) solution of acidified with dil i-^SO^ and partially

oxidized by adding hMnO^.

6. iaip a platinum foil electrode in one of these solutions.
This will now ’be a naif cell.

7. bip the calomel electrode into.the solution in step 6 to 
complete the cell assembly, connect-the calomel and platinum 
foil electrodes to che. terminals on. the millivoltmet-er.
Note the emf anti the polarities of the electrodes, 
hecord in Table 3.

8. wash the platinum foil electrode with distilled water. 
Similarly, wash the calomel electrode on the outside.
Repeat steps 6 and 7 vyith * ach of the solutions taken in 
step 5. no cord all «. at a in Table 3.

. P art 4 ;
1. Dry one of the beakers with filter paper. Transfer, using 

, 3the measuring cylinder, 20 cm of one of the metallic salt 
solutions. (Your t ach r v.ill tell you v/hich solution 
should be taken). Clean the corresponding metal strip and 
dip it into the solution)*
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2. Dip‘the calomel r-.lectrode into the solution above and 
measure the emf of the cell as before, Kecord the emf 
and the polarities of the electrodes in Table 4.

3. Use measuring cylinder to add b cm?.;of distilled water to 

the solution in the beaker. Stir for uniform concentration
Note the er.if and r cord in 1 able 4.

' ‘ • 34. depeat step 3 with successive additions of b cm of water 
and note the emf afv^.r each addition, itecord all date; in 
Table 4. Collect readings of cmf at six different 
concentrations of the* metallic salt solution.

Treatment of Data ;

1 . Study Table 1 and identify the m tals which were able to 
reduce
a) all the three oth r metallic ions
b) only two of the thr;e metallic ions
c) only one of th- 'cures metallic ions and
d) none of the metallic ions.

Hence arrange the metal.- metal ion half reactions
r +2 M (ag) 4- 2c b‘(s)V
in the order 'of decreasing vase ui ituucnon.

2. heff. r. to the reactions of the metals with dil HCl. Hence
. identify the m tai which was not able to reduce hydrogen•>
ions in the acid solution. Fit the half reaction 

H+ + e __ \ Ho/ \ into the above table.

3. Consider the reactions of th? halogens with the solutions 
containing the halide ions. Prepare- a table of decreasing 
ease of reduction of th; halogens. This can be represented 
by the equation

X2(aq) + 2e —> 2X(ac;)

4. write balanced tot-’l r- actions for the cases where ivciox 
reactions were, observed. r,n example is given below.

+2 +2 *
l.v\ f \ + CU/ • —z_n / > + CU/ \(s; (ag; — (ag; (s)
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5. -In the electrochemical cells assembled by you in Part 2 of 
this experiment, an oxidation half reaction takes place at the 
electrode in one half cell and a. reduction half reaction at the 
electrode in the other half cell. The former electrode is called 
the anode ano the latter, the cathode. The electrodes can be 
readily identified. The one which is connected to the negative 
terminal on the millivoltmotnr is the anode ano the other is the 
cathode.

• . In each of the half cells us'd by you, identify the two 
electrodes, hrite th<. spontaneous half reactions occurring at 
these electrodes. Combine the two half reactions to write the 
cell reaction.

6. You have learnt the method of representation of the 
electrodes. The cells, which'are combinations of two such 
electrodes can be represented as in the following example.

Zn(s) I Zn(aq) II Cu(aq) J Cu(s)

Note that the anode or the negative electrode is on the left 
ana the positive electrode is on the right. The double vertical 
line indicates that a salt bridge has been used.
Represent each cell by this method and arrange the cells in the 
decreasing order of their ornfs.

7.. In the case of ^ach half cell identify the combination in 
which
a) reduction was the spontaneous
b) oxidation was the spontaneous

process in the half cell 
process in the half cell

8. In part 3 of this experiment, you have, used the calomel 
electrode as a ref-rencc electrode. The calomel electrode can 
bo represented as follows :

pt I Hg(1) I hg2C12(s)’ h '1(satd aq)

represent the cells you have constructed by combining other
electrodes with the calomel electrode, bearing in mine that
che negative electrode must always be on the left.
a) phich are the electrodes at which the spontane.-us process 

is’oxidation and
b) which are those at which 

process . ?
r<- auction is the spontaneous



i. Calculate the concentrations of the metallic salt solutions in 
Fart 4. hn'e-r the valu s in \ able 4. .Construct plots of

a) emf vs concentration
b) emf vs log concentration

Discussion ;

1. Lisa stronger oxidizing ng. nt than Cu, .. Use this
\ s)

information to construct a series of all the half reactions in 
part 1, in order of decreasing .-ease of reduction.

2. In the electrochemical cells constructed in Fart 2,
a) what is the direction of electron flow in the external

circuit ? • • i •
b) what is the direction of flow.of negative ions in the

solution ?
c) why is it appropriate to designate the electrode at which 

oxidation occurs as the nfgative electrode ?

3. In a cell it is found that the calomel electrode is the 
cathode, what is the- spontaneous reaction at this electrode ? 
write the balanced chemical equation for the reaction .

4. The following procedure is recommended for calculation of cell 
emfs from electrode potentials, and for deciding the direction 
of the spontaneous process in a cell.

a) The cell is represented with the negative electrode on the left
b) The cell emf is b = b ~ b, where b., and b, are reduction.

potentials of the electrodes on the right and left side 
respectively. If this difference is positive, the cell 
representation is correct anc the ceil process is spontaneous. 
If not, the position of the electrodes are reversed in the 
representation. •

c) The reactions at both electrodes are written as reductions.
d) The cell reaction is ~ hT , where and are. th? reduction 

processes at the two electrodes.

Use these conventions to answ: r the following questions.

1 . If it is assumed that the reduction potential for the saturated 
calom u electrode is +0.2415 V at 25°C, calculate, from the 
meas^..ed emfs of the cells in part 3, the reduction potentials of 
the other electrodes in combination with the calomel electrode 
in the various cells.
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2. Using the values of the pot' ntials calculated above, predict 
the emfs of the cells in Fart 2. Enter the predicted velu's 
in a column aojace.nt to the experimentally measured values in 
Table 2.

3. In assigning electrode potentials, the potential of the stand­
ard hyurogen electrode (d.H.L) is arbitrarily taken as ztro» 
Hofer to the text book for a rescript ion of the

a) ^hat is the meaning of the statement that the reduction 
potential of the saturated calomel electrode is +0.2415 V?-

b) How would you r»present the cell in which one of the electrodes 
is the saturated calomel and the other is th° S.Ii.E. ? what 
will be the spontaneous cell reaction ?

c) Fit the standard hydrogen electrode potential into the series 
in which -lectrocies are arranged in the decreasing order of 
potentials ?

4. a) In-part 4, you have observed that the emf of the cell 
changes as the concentration of the solution in one of the 
electrodes is changed, are both the electrode potentials

.changing ? If not, vv.iich of these- potentials is changing on 
dilution ?

b) Suggest an empirical relationship between the cell emf and 
the concentration of the solution, gfrorn the graphs you have 
orawn*



Thermochemical hieasurement s

the heat’of reaction

In this experiment you will use a 250 ml Lrl*»nnry*r flask 
as the reaction vessel and as a simple calorimeter to measure 
the heat-evolved or absorbed during the reactions.

• You may assume# that th«. heat of reaction will used to 
change the temperature of the aqueous solution and of the 
glet&s of the container.-. We shall neglect other small losses 
to the surroundings. Recall that it takes 1.0 calorie to change 
the temperature of one gram of water one degree- centigrade.
It takes 0.2 calorie to change the temperature of one -gram o£?.- 
gla-ss one uogree centigrade.

Yon cq^ftot need to weigh the- water used since 1 .0 ml of 
■water weight-very• nearly 1.0 g and you will measure the volume 
to the nearest milliliter. When the reactants are added to t-he 
reaction flask you should note the change in temperature to the 
nearest. 0.2 C. From the cQiange in temperature and the weight 
■of the reactants you can calc-ulate tho number of calories. evo-lvod 
or absorbea.

In this experiment you will.measure and compare the quantity 
of the heat involved in three reactions.

Reaction 1 i Solid -sodiuca hy<Tro-xi<je fRenoivoc in t n form <***
x..aqueous solution of ions.

NaCHls} —__> Na+C^n) W’(ao) -t r?al
H>j = —x.j csi

H-e^rtkon 2 ; Solid socium hydroxide reacts with an aqu-ous 
solution of hycrogen chloride to form water and an aqueous 
solution of sodium chlorice :

NaOH(sJ + th(acj) + Gl'(aq) . UgO + Na+(aq) + Cl”(aq) + x2cal 

H2 = -x2 Cal

NtC m .

neaction 3: nn aqueous solution of sodium hydroxide reacts with 
an aqueous solution of hyoro-gen chloride to form wqter and an 
aqueous solution of sodium chloride : o

1.7.? * i
|Aj 0 'ib

Aw . ~
vi
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procedure ;

Determination of the Heat of Reaction 1 ;

a) weigh a clean oxy 250 ml Erleymeyer flask to the nearest C

b-} Put 200 ml (-h 1 ml) of cool tap water into the- flask.. Eli* 
carefully with a thermometer until a const-ant temperature is 
reached (.about■ room temperature), Record this temperature to m»q| 
nearest- 0.2°C.

c) weigh about 2 g of solid sodium hydroxide, NaCH to the .;
nearest 0.01 g. binc-e sodium hyoroxide, hecouws moist- as it is 
being weighed in. the open air, your teacher will give you spec 
instructions on weighing rapidly a prescribed number of the 
eolid pellstc which will approximately 2 g 1 .9 g and
2.1 g).

d) Pour the weighed NaOH(s) into a water in the Erlera&oycx fj^- 
Swirl the flask until the sodium hydroxide- i« ditssolvod. Plac^ . 
the thermometer into the flask and record the extrehie temperate 
reached.

Before proceeding to Reaction 2, rinse the 250 ml flask 
thoroughly with water.,

Determination of thetieat of Reaction 2 '

Repeat stops a,b,c and d used in the determination of the heat 
fox Reaction 1 except in step b-Substitute 200 ml of 0.2b HC1 

for tap water. Rinse the 250--ml flask again and PXOCOcd- to 
reaction 3. . ■ .

determination of the Heat of Reaction 3

a) Measure 100 ml of 0.5 to HC1 into the’250'ml flask and 100 m 
of O.b to NaOH into a 250 ml beaker,. Both .of these solutions 
should be at, or slightly below, room temperature. Check this

. with a thermometer. (Rinse and dry the thermometer before 
transferring it from ona solution to another). Uocoro the 
temperatures.



s 3 :

) ndd the- sodium hydroxide solution to the hydrochloric acid 
c-olution. Mix quickly and nota the highest temperature 
reached.

adulations i

. For each reaction, calculate
) the change in temperature« I
) the amount of boat that is absorb,dby the solution^
) the amount of heat absorbed by the beaker; '
) the total amount of heat absorbed;
) the number of mol< s of NaOH used in ; each reaction
) total amount of heat involved per mole of RaOH-

I . bxpress your results as heats of .reaction j 
A H1 .4 H2 and AKg

I" a) Compare 2iH2 with + Ah3 and explain.

) balcul-at« -the p rccnt differwncj© between A and A H4 +

- ■'ssuming /A H2 to be correct.

uc^tions :

•- urite-the net ionic equations for Reactions 2 and 3,

• In reaction 1, AH1 represents the heat of solution of NaOH(s), 
Look at the net ionic equations for Reactions 2 and 3 and 
make a statement concerning the significance of ZkK2 and
Ah3.

t ixad used 4 g of NaOH^s). in Reactinn-J-^
) *Riat would be the number of calories evolved 
> uhat effect would this have on your calculation ofAh1 ,

the heat involved per mole ?

■X- Sr Sr •}<• ■>.- Sr Sr Sr i*



Experiment :

i-iim; To study the kinexics of the reaction between potassium 
peroxydisulphate and potassium.iodide by the.initial 
rate mexhod. (Clock Reaction)

Introduction ;

we have seen earlier that the time required for a particular 
fraction (x/a) of reaction to occur is independent of initial 
concentration a, if the reaction is first, order. If (x/a)' = 1/n, 
we can write that

k1t1/n = 1n n/(n“1) (1)

where t^is the time for one nth of the reaction to occur.
If we keep 1/n small, we would be confining our «..atxention to the 
inixial stages of the reaction ano t/n would be inversely 
related to the initial rate of the reaction.

One of the methods by which the time for one nth of a 
reaction to occur can be measured is•illustrated by the iodine 
clock. This technique is employed here to study the reaction 
between ^S^Og and Kl. a reaction mixture consisting of a known 
excess of Kl and a relatively small concentration of ^2^2% anc* 
sodium thiosulphate and a little starch is prepared. The iodine 
liberated by the reaction between K2S?°8 and KI shouid result in 
the appea rance of a blue colour because of the starch pres nt in 
the mixture. • But the appearance of the colour is Relayed till 
the Na^SnO^, which is also a component of the mixtur ••

• 1 the blue, colour thorefc 
i£it<LiculaiT amount of iodine to be irbvx

This is therefore a measure of the initial rate of the reaction 
between l^^Og and KI.

Once the technique for measurement of initial rate is chosen, 
we can use ix for measurements of the rate under varying composi­
tions of reaction mixture, temperature and so on. This is a 
convenient technique b. cause a large number of ^measurements can be 

.done in a short time, moreover, when attention is confined to the 
initial sxages of the reaction, complications due to the accumu- 
j. at ion of products will not be significant.
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Material's Needed : 

1 . • Pipettes

2. Boiling Tubes 
3.. Beaker 250 cn?
4. 0.5 fa KI in a 

coloured bottle

5. 0.015 fa k2^208 in a 
stoppered bottle

6. 0.01 fa Na2b2Q3 in a 
stoppered bottle

■3 3 3 . 3
10cm , 10cm '.graduated, 5cm , 2cm >
.3 ,1 cm - one- each.
T wo
One

, ' 3about 250 cm-

about 100 cm'

about 100 cm"

-4■7. 5x10 fa CuS04 in a about 100 cm3 :

stoppered bottle
8. 2% starch in a bottle with a dropper
9. Thermometer : One

0.1° sensitivity
10. Stopwatch -s One

procedure :
p art 1 :

1. Pipette 10cm^ of KI followed by 1 cm^ of Na2S20^ int.: the

boiling tube labelled a. . .
3

2. Using the graduated pipette, add 9 cm of distilled + r

the pH •• - ’lotion. Mix and place the tu’
(thermostat).

-up- ‘ - cm of K2S2Q8 into the boiling tube labelled B.
add 3 drops of starch, mix and place the tube in the beaker

containing water, (thermostat).
4. bait for temperature equilibriation; note the temperature 

of-the thermostat.>
5. Rapidly'.transf er solution -1 to solution m, starting the stop 

watch . simultaneously. Pour 1-back and forth between the tube
twice and place the mixture in the thermostat, when a 

definite blue colour appears, stop the watch and note the 
time. Record in Table 1, as time for reaction mixture 1.
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Rmeat the above steps with reaction' mixtures 2,3 and 4. whose 
comoositions are given at the end of these instructions.
Record the corresponding times in Table 1.

at .he above steps with reaction mixtures b, 6 and 7 and in
\_je note the time for the appearance of blue colour. Record* • •
t_...3 in Table 2. Include in the table, the tim? for mixture

3 jnd in Part 1 .

Thermostat . a mixture of 10 'em3 of kl, 1 cm3 of Na2S203 ano.
3 un of wat-.r (mixture 8) in boiling tube a.
T-mostat a mixture of b cm3 of k232°8, 1 cm3 of CuS04 
ir-1 3 drops of starch in boiling tub;.. B.

ii the two solutions rapidly, starting the stopwatch
lltancously. Pour back and forth between the tubas twice

ir place the mixture in the thermostat. Stop the watch the 
ic jnt a blue colour is observed. Note the time. Record in 
a e 3. x ‘ . •
.e at the above steps with mixtures 9, 10 and 11 and record 
h times in Table 3.

4

r par? a mixture of 10 cm'' of KX, -1 cm of Na2S2On and 9 
’’hr o and place the tube ?

n .mostat).

i^’tte b cmJ of l<2^2(38 into boiling tube B. add 3 drops of 
t^ch, mix and place the tube in the thermostat.

St two lumps of ice to the water in the beaker. Place a 
it mometer in the solution in tube a. . when a steady tr.. r 
u srature is attained, rapidly transfer the solution from B 
H A, simultaneously starting the stopwatch. Pour back and 
• j h between the tubes twice and place the mixture in the 
i ir. Stop the watch the moment a blue colour appears, 
t the time and the temperature, necord these in Table 4. 
s the tubes.
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4, pipette the solutions as given in steps 1 and 2 into the 
boiling tubes, place them in the thermostat, add some 
.water to the water..in the beaker, btir with a glass roc

b. "Place rhe thermometer in solution h. Wnen a steady teih^-ji 
rature is attained, rapidly mix the solutions, start the sucj 
watch and note time for appearance of the blue colour.
Note the tu. .perature of the mixture and re cord .the time 
and temperature in Table 4.

6. hepcot the experiment as above at two more temp ratures. 
l he change in temperature can be brought about by suitab.' 
additions of warm water to the beaker.

Treatment of Data :

1 . Calculate the concentrations of .each component of the 
reaction mixtures 1-to 11. Lnt.er them in appropriate 
columns in Tables 1 to 3.

2. The concentration of' Na2S2O3 in the mixtures is related tu 
the amount of iodine liberated when the blue colour appeaxb. 
Calculate the concentration of iodine at the first appear u.iv 
of blue colour, (nemember that -1 mol of I2^z. 2 mols of 
Na2S20g). Since thp concentration of Na232Og is the same m 
all the mixtures, the times recorded are the times for the 
appearance of the same amount of iodine in each case.

33. Calculate the initial rates in terms of mols dm of iodir 
l s•-r-»f on ppr unit time. itecorcJ the '• '

■Ties 1- to 4.

4. rn oil the reaction mixtures, KoS20g is taken at a much lc.. 
concentration than LI. It is, therefore, the limiting 
reactant, With this as the reference, calculate the fract- 
reacted (x/a) or (1/n) when the blue colour appears.

discussion :

1 . How are wo justified in assuming that the time measured in 
these experiments is inversely related to the initial rate 
of the r< action ?

2. What variation was done in Part 1 ?
3. '^Assuming that the reaction is first ordu-r with respect to

-2S20q ’ calculate the pseuoo first order constant from the 
tirn-'s recorded in part 1. (Use ec;n.(1) of introduction).
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the values in Table 1. Is. our assumption about the order
z ci J- id V

' V<hat variation was done in Part 2 ?
•Calculate the pseudo first order rate constants in Part 2. 

ter the values in Table 2.
* . Plot log k^ against log and join the points by the

st line.- Fine th order with respect to I"* and the true rate 
nstant;of the reaction, express in appropriate units.

One possible variable that affects the rate constant is the
- >nic strength of the medium. • Calculate the ionic ±rengths in 
"'■spect of the four mixtures used in part 2 and convince yourself 
+Hat it is mainly determined by the concentration of KI • Since 
-*-his:is maintained constant in the-mixtures used in the other

irts of this'experiment, it can be assumed that the reactions in
' he 'other parts were carried out at constant ionic strength.

o. .Plot log 1<2 against K • where- k^ the second order 
idtc constant calculated in step 6 and I is the ionic strength • 
ux the solution, which is calculated in step 7. Find the 
siope of the graph, what indication c;o<-s “this give about the 
nature of the particles involved in the formation of-the 
activated complex for the reaction ? Identify these particles 
and.write an equation for the formation- of-the complex.

+2' ’y, Cu introduced in Part 3 functions as a catalyst. What is 
r.ne evidence ?

. n r „ i, ji. —iirio. first order rate constants 
enter the values in Tabl»

I . Since the reaction can also occur in the absence of the' 
rtalyst, rhe observed rate constant is related tc the 
oncentration of the catalyst as follows .

• k1 = k0 + kcat ■ (2)- •
• • /

here kg is the rate constant for the uncatalysed path and
"cat-^s ^at for the catalysed path.. Test this equation graphi­
cally and calculate k from the graph. Express in pioper 
in its. '
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1,2. From krrhcnius equation and/.fccn(1 )>.of introduction, show 
that

log t.j/H = e/ 2.303 kT •- a< constant.

•13. plot log t<i/n ^gainst 1 /T in part.,'4 of this experiment . 
Join the points by the best /line', and find the energy of 
activation. Express in proper;units.

14. Calculate the second order rate constant k^ at each
temperature from the known. concentrat. ion of I~ and. k^ .

1b. Plot log k^ against 1 /T.. Join the-points by the best line 
Fine EQ and h from the graph.

16. Calculate ko at 2b°C from’the known values of E ' and h.

17. Calculate & H , &Gr and As for the reaction.

J e. if :'-«’i • 7? ~K X 7.* ».*


