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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, th.e 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. [n the subsequent session, the tentative schedule was presented and
suggestions were invited from the participants. As per their requiréments, the
topics/units/laboratory work to be given greater emphasis were listed out. The
programme was conducted according to the Schedule enclosed herewith

(Annexure ).

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 I11.



About the Training

There were lecture-discussion sessions in the forenoon an 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 quest'ions 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 o.f 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.



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.



AINNCXUIe 1
Training Schedule

(8.6.1998 to 19.6.1998)

Date 930 amto 11 am 11.15 am to 12.45 pm 2.00 pm to 5.00 pm
e ] . Discussion with participants Mole Concept and Stoichiometry

8.6.98 Registration and Inauguration (Dr VK, Dr GRP, Dr MSS) (Dr VK, Dr GRP)

. g . Problem Solving — I
9.6.98 Chemical Bonding — I (Dr BSR) Atomic Structure — [ (Dr MSS) (Dr GTB, Dr MSS)
10.6.98 Atomic Structure — II (Dr MSS) "Chemical Bonding — II (Dr BSR) Inorganic Chemistry (Dr BSR. Dr GRP)

. ; . Thermochemical Measurements
11.6.98 Thermodynamics — I (Dr GTB) Organic Chemistry —1 (Dr VK) (Dr GTB, DR MSS)
: =5 Problem Solving — II and Chem Study Film

12.6.98 Thermodynamics — II (Dr GTB) Periodic Table (Dr GRP) (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

. i Study of a system at equilibrium
15.6.98 Chemical Equnl'lbrlum — 11 (Dr GTB) s & p Block elements - | (D_r GRP) (Dr GTB, Dr KCS) .

] ! Demonstration — Discharge tube experiments,
16.6.98 Organic Chemistry — II (Dr VK) s & p Block Elements — II (Dr BSR) iomiicpecia (BRRIN)
17.6.98 Organic Chemistry — III (Dr VK) Kinetics — I (Dr GRP) Electrochemistry (Dr ASJ, Dr VK)

. : Applications of Computers in Chemistry Kinetics of a Chemical Reaction

18.6.98 Science Education (Dr VDB) (Dr GRP. Mr DNN) (Dr ASJ, Dr KCS)

: Nuclear Chemistry 7 Library Work ok : g
19.6.98 Gaseous State (Dr GTB) Feedback from participants and valedictory

(Dr MSS)

(M'S Srimathi)
Academic Coordinator




Annexure — 11
List of Participants

G Krishna Murthy

Junior Lecturer in Chemistry

A P S W R School & Junior College
Naidupet

Nellore Dist

V Hema Bhushan

Junior Lecturer in Chemistry

A P'S W R Junior College / School
Karempudi

Guntur

N V S Lakshmi

Junior Lecturer in Chemistry
A P S W R Junior College
Cheepurupalli
Vizianagaram Dist

S Vidya Rani

Junior Lecturer in Chemistry
AP S W R Junior College
Parkal

Warangal

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

Anantapur

B Manohar Rao

Junior Lecturer in Chemistry
A P S W R Junior College
Maluguru

Anantapur

K Ramesh Babu

Junior Lecturer in Chemistry

A P S W R College, Atchampet
Guntur Dist., AP

B Srinivasa Rao

Junior Lecturer in Chemistry
A P S W R Junior College
Arugolanu

West Godavari Dist



16

12

13

14.

K Srinivasa Rao

Junior Lecturer in Chemistry
DrB R A CS W Junior College
L N Puram

East Godavari Dist

P V S N Seetharamam
Junior Lecturer in Chemistry
A P'S W R Junior College
Tiruvur$21 235

D Ansari Begum

Junior Lecturer in Chemistry

DrBR A C AP S W Residential Junior College
Kurugunta 515 001

D Srinivasachari

Junior Lecturer in Chemistry
A P S W R Junior College
Kopperla

Vizianagaram Dist

K V Satyavathi

Junior Lecturer in Chemistry
AP S W R Junior College

S M Nagar, Kakinada

East Godavari Dist

V Laxmanjali Devi

Junior Lecturer in Chemistry
AP S W R Junior College
Adilabad

P Venkata Chalam

Junior Lecturer in Chemistry
AP S W R S Junior College
J P Nagar

Mahabub Nagar Dist 509 324

Ch Narasimha Reddy

Junior Lecturer in Chemistry
A PS WRIJCollege
Shaikpet

Hyderabad

K Jayalakshmi

Junior Lecturer in Chemistry
AP S WRIJCollege

Kota, Nellore Dist

b o



18.

19.

20.

2:

22.

23

24.

75,

26.

K Bharathi

Junior Lecturer in Chemistry
A P S W R Junior College
Chimakurthy

Prakasam Dist

P Srinivasa Rao

Junior Lecturer in Chemistry
AP S W R Junior College
A R Pally

Khammam Dist

S N Mohan Reddy

Junior Lecturer in Chemistry
A P S W R Junior College
Armoor

Nizamabad Dist

M Rajendra Chary

Junior Lecturer in Chemistry
AP S W R Junior College
Jangaon

Warangal Dist

H Cheralu

Junior Lecturer in Chemistry
A P'S W R Junior College
Ghanphur

Warangal Dist

T Hanumantha Rao

Junior Lecturer in Chemistry
A P S W R Junior College
Velugonda, Prakasam Dist

B Rupini

Junior Lecturer in Chemistry
A P S W R Junior College
Hanamkonda

Warangal Dist

V Udaya Sree

Junior Lecturer in Chemistry
AP S W R Junior College
Suryarpet

Nalgonda

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

4



G Grace

A P S W R Junior College
Polasanipalli

West Godavari Dist

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

E John Kennedy

Junior Lecturer in Chemistry
A P S R J Junior College
Rudravaram 521 001
Krishna Dist

iv



Annexure 111

LIST OF RESOURCE PERSONS

I Dr V Kesavan

Dr G T Bhandage
Dr B S Raghavendra
Dr G R Prakash

Dr R Narayanan

Dr V D Bhat

Sri D N Nagara)

NS e R W N

LOCAL RESOURCE PERSONS

155 Dr A S Janardhan
2 Dr K C Srinivasa Murthy

COORDINATOR

Dr M S Srimathi, Department of Chemistry



Annexure 1V

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

Participating teachers should be contacted wtell in advance to find out their
requirements as to the topics to be discussed or laboratory work with
specific details.

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.

During the training period, a special emphasis may be given for solving a
number of numerical problems under different topics.

A few sessions may be devoted exclusively for the participants to present
their views on some selected topics and teaching methodology.
Lecture-cum-discussion sessions on psychology and science education will
be useful for the participants.

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.



Sri G Krishna Murthy

Junior Lecturer in Chemistry
APSWR School and Junior College
Naidupet

Nellore Dist

N V S Lakshmi

Junior Lecturer in Chemistry
APSWR Junior College
Cheepurupalli

Vizianagaram Dist

S N Mohan Reddy

Junior Lecturer in Chemistry
APSWR Junior College
Armoov

Nizamabad Dist

V Udaya Sree

Junior Lecturer in Chemistry
APSWR Junior College
Suryarpet

Nalgonda

T R J Vinutha

Junior Lecturer in Chemistry
APSWR Junior College
Suryarpet

Nalgonda

el



Annexure V

Resource/Instructional Materials given to the participants :
Periodic Table of elements supplied by Sargent-Welch Scientific
Company, lllinois, 60089.
Table of Periodic Properties of Elements supplied by Sargent-Welch,
Illinois, 60089

Pictorial representation of Electrons in Atoms — Shapes of atomic orbitals.

Structure, Bonding and Reactivity — Inservice Training Package Material,

Chemistry Section, RIE, Mysore.

Laboratory procedures for conducting selected experiments in chemical
equilibrium, potentiometry, thermochemical measurements, chemical

kinetics.
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Stucy of a Yystem at Equilibrium

pPrinciple an acid and an alcchol reacts to form an e¢ster
and water while the ester is hydroglysed to¢ yive the original
acid and alcohol. The¢se opposing reactions proce~d until &
state of -equilibrium is reaéhed. The equilibrium constant
obtained in thils m=thod is in e¢rror since .the activity
coefficient &r¢ nzglected. The reaction is

+ H

. |
C H5OH + CA3LOOH —_ LH3COCC, 0]

i AR
Since the ecuilibrium is obtained very slowly, it is nec: ssaly

to sdd HCl as catalyst.

Procedure : The following mixtures in the bottles are pregulcd,
stoppered immeaiately and allowed to stand for a week in 2 warm.
place with occasional shaking. 1t is.not essential to th-rmostal
the mixture when equilibrium is established. Titrate the
contents of cach bottle (2 ml) with the given standardiscd NaOH
solution. '

—— e e em ams e e - ws mE W e mm e e me  w®w = = me - = P . L

.“mple o Vol of Vol of Vol .of Vol of nbsolute Vol of acetic

HCl(cc) ethvyl tho0 alcohol(cc) acid (cc)
acetate g
liee) (cc)
1 250 0 250 0 0
z 250 250 0 0 0
K 250 200 50 0 0
4 250 100 150 0 g
D 250 200 0 50 0
6 250 200 0 0 50

e - e Em ms gm e e wm  we e

For the calculation, weight of e€ach reactant and product in the
mixture is calculatrd. From the data, equilibrium consiant
(esterification7 hycrolysis) is obtained.



-lmy 1o stuuy tho rilative strengths of chemical species as
oxidising «agents and hence to construct «1:ctrcchemical
cel g "of diff remt = lictromotivie Force-

introcauction

It is kuown that ~lonents diffor from cne anocher in their
“bility to function &s oxidizing agents. /i mersurs of this
"bilily is their tend:.:cy to gain zlectrcns. Tho noticeable
vidence of this is'when & metal ion from & solution of the
petallic salt is deposited-as the metal; or wisn o non-metallic
“lement in solution is converted to the anion. You will collect

uch gvidances in part 1 of this experiment.

Since redox reactions involve transfer of electrouns from one
specie¢s to another, we can reg.rd such reactions as combinations
of two half reactions -- one in which a specius is uncergoing
oxidation (giving up clectrons) usnd a second, in which a species
is undergoing reduction (gaining electronsj. In Part 1, the two
specias were in direcc contact, so that the aleciron transfzr
occuried‘uiractly.. The iwo species could as well b2 physically
separatea from one another and the g¢lecltrons c¢cniraced by the
0xidation.of one species transf«rreu_ihrough a metal wire to the
>ther, which could unc:rgo reduction. In bart 2 of this experiment
you will be doing this.

The electrons that are being.transferred ticougn the metal
wire may be able to perform work for us - they con light a bulb;

'tyy can arive the necdle of & galvenomster «nG so on. In fact
these latter can be Laken as the observable «vidernccs for
~lectron transfer. The device is thus able io p+rform -lectrical
work, It is able tou cGo fo because in one part .¢f the 'device,

we heve a epecies which can uncergo oxidation and in enother
part, a species which can unuergo rocuction. Sinc. these
essential;y chemical processes are responsibls for any
electrical -visrk that the device can perform, th: cavice is
called as electruchemical cell. Just as the c«ll ri.clicn is a

--2


will.be
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cembination of two half rsactions, the cell is a combination of
two half cells. In ¢ach half cell is a suitable-ulectrolyt-
solupien S centacl WithH & metals The.feaction in The headi e&ll
occurs at-the m-tal-solution interface.: klectrous enter ang
leave the-soluticns through the metalsiin contact with thei.
Eleetricel contecy br Thaen the selutienms: in the twe half cel;s
is maintained usually throuyn'a salt bricge which consisis of
concentrated solution of KC1 or NH4NO3 in a U--tube.

Siiice electroins can be transferred from one poini. ¢ adﬁih-L
only if there is a notential differxsnce between the points, w2
can infer that tihz eclectrod=s in the two half cells are at
Gifferent poilsitials. The difforence in these ~:rlectroda
potentials' is calluc the ¢lectromolive sorcs=, <mf of the c:ll.
Lk fre e e exp;rimentui'meﬂhod for cetermining the induividual
clectrode potantials. The potuntial difference batv: . the
electrodes,; that is the zmf of the cells can however bu mnisuredy
‘mivher with & hlgh rssistance voltm.ter or a potent iom: tae.
The potentiomiicr is almost ;nvariaply employed for reasons to bs
Giscussed later. In this experiment, you will m@#asure the :afs
of .several cmlls. .. direct reading'millivoltm:ter will be used

sO tiiaw the wmeasuleuisnts can be niade -expeditiously.

“In Part 3 ¢f this experiment, you will determine the <nfs of
the cells im which The calemsl eluvclredy is one of the eleetrehn:
Since one of the zlectroues is Kepl conuion, tnis metihoa could
serve. the purpuse of comparing iihe polentials of several
electrodes with reference to calomel. -we can then think of
a relotive scalu of rlectrode potentials. - Once we underscanc”
Tiis,; e cdn, prece e G0 find owe how Liesy selative peolbntidals
of slegtiredes dvﬁ.nd on the. concentrations of the ~lectrolyt:

Y eolutions In the half eells < F which they 2re @ part. This, Gill

~

be aone in Part 4.

In all these measurements, an important observation to L.
mace is the polarity ot the e¢lectroue. If. the electrode is i
negovive terniacl,  an oxidation would be the spontaneous
sitgbess «& #t. LIf & s posibivd; a Fedoclich watle b Ttas

ssuitaeouns proc & ot the elzetrote. You will notiee thaw i

P
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electrode in ciffcrent‘combinations mey assume giffer~nt

ities,
| occur in a hulf
| cell.

e expariwent.

. rfials neeced

aeteal strips

100 cm3 beaknrs

Test tubes’ (larg: size)

(1]

imweasuring cylinuz=r 20 cm3
and 5 cm3

kmery papexr (3% squgra)

v AppreX. 041 n solucions

of (gbout 100 cm® of each)

. Aqueous solutions of
halogens

- Salt bridge (agar + KC1l)
Vo Calomel elecaudon

(M Platinum foil electrode

1*.Millivoltmeter and
conieclting wires

F ocedure

Paxrt 1 .:

One could infer that whether oxication or reuuction
cell depends on the naturs of the other
These points would become clearer during the coursc

Copper, zZinc, Lead, iiickel, etc.

“Two

- Five

One each

Two she:=ts
CUSO, » ZNYGy NisO,, pb(NO3),
HEL s 1By 1615 BE.

i)-Chlorine watex

ii) bilute solutions of Br, in

Kdr anc 12 Tl <

One
One

One

1. Transfer abcut 10 cm” each of thé solutions of CubO4,

rACl into five sepurate t.st tubes.

Clean the strip of zinc wiih emery paper ond cip in the

solution of CusQ,, Mot~ 'the rr:ction, if any.

h?cord in

Table 1. (Use: a X mark t: .indicate 'no resction' and a v’

mark to -indicat: 'reoctiont).

. Lash the strip of zinc wilh watier anu cleran with emory -

paper.

‘reactions, if any,- in Teble

Dip it in the solution of NilLO,.

lvote anc rocoxc
as in step 2.

. Tust the re-ct-on of zin¢ with the other solutions provid:c,

inclucing HCl, as in ch: previous stips. wecord os bsfor:.



e

ligpeat. the abov: steps with the oth:iz metul strips. hK.coxd
all observatiuns in Table 1.

st the end of tae expzriments, clean the metal’. strips and
keep them asiae.

Take, in tiaree siparate test tubes,. about 5 cm3 cach of the
solutions off KC1l, KRBT dnc Kl  »cd-a 151K ke 012 watez to
each test itube. Obssrve and note cianges, if any. oo twol
GEEPs: of CC14 e ach. Lest tube; shuke and note observations
in Table 1.

iiepeat step 7 with Br2 ana then 12 solutiond in placg of
chlorine water., Hicoru all observetions in Table 1.

Fart 2

1.

Lip clean strips of the metals in their respeciive salt.
solutions taken in separate beakers (Copper in CubC, ana so
on).

Each of thes» is a half coll. Ust the notation M( ),MK:Q)
to- represent the half cell (For exawple, C lcu

ch )

Connect tho CulCu+2 half ‘cell to the Lann+% half cell using

a salt bridge as .incicuted in the o;agrdn.

This is a typical arrangcmeont for an c¢lectrochemical ccll.u

%
. s
|
S(.\LE 51 AL

W &

Connect ihe copper and zinc strips to siparatc terminals

on the millivoltw. . i:x using crocouile clips and connecting‘
wire. 1f the voltage inuicated is posiiive, note the
polaritics of tin: two m.tal strips. Nove the emf in Table;
2. If the amf .indicated is negative, change the polarities.

Combine tha Cu \ Cu+2 half cell with cach of the cthuar nalf

cells in turn anu note the ¢mf and the polarities of the
metal strips in ~ach-case. tliecord the deta in Table 2.

(It is ¢ssential that the two legs of the salt bricge musi
first 1 Leaned on the outside with distilled water bt for:
& 1599 e in new solutions).
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O. heopeat steps 2 to 4 with anuth2xr pair of half cells. ..0rkK
with all possible combinations of half cells of step 1.
H.ocoru.all -fhe e¢mf dava-in Table 2.

EFax® 3 8

1. Take one of the half cells constiuct@d in part 2 anc ¢ip the

calomgl tlectrous in it.  The construction ol the calomal
electrode suppliod to you is such that you can avoiu th- U-
tube salt bricdge in combining it with the half cell.

2., Connect +1he calomel to on# terminal ancd the metal strip to
the other terminul cof the millivoltmiter and note the emf.
iizcord in Tabl: 3.

3. itzpeat steps 1 anc 2 with the other alf cells of part 2.

4. igsh the beakers and ‘the metal strips. Cleen th: motal
strips and kesp tinrm asidz.

5. Take the following solutions in s=2parete beakers.
a) solution of Br, in KBr.
b4, selution of I, in Kls
c) ‘solutiun of Fub0, wcivified with dil f,50, and partially
oxidized by aduing hMuO4.

6" " i @ platinum foil électivda in one of these‘solutions.

This will now be & nalf cell.

Dip the calomel clectrcde into.the solution in step 6 to
complete thu czll usstmbly. connect the calomel and pletinum
foil electiroues tc¢ c¢he terminals on the millivoltmet&r.

Note ths emf and thz poleritics of the electroues.

Hecord in Table 3.

8. viash the. platinum foil elecirode with distillcé water.
Similarly, wash the calowmsl «lectrode on the outside.
Kepeat steps 6 end 7 with rach of the solutions taken in
step 5. necord all caia in Table 3.

| [aRt, @

1. bUry one of the brak=rs with filter pap=zr. Transfer, using
the measuring cylincir, 20 cm3 of one of the metallic salt
solutions. (Your t &cii'r v.ill tell you which solution
shpuld be taken;. Clean the corresponcing metsl strip ana
¢ip it into the solutionj~
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2. Dip'tho calomel =lectroce into the scolution above and
measure the emf of the czll as before. hecord. the emf
and the polarities of the eleclroues in jable 4.

3. Us~ measurinj cylinder to add 5 cmgxof aistilled water to

the solution in tha . bgakexr. Stir for uniform concentration,.

Note the enf wnd r-cord in labl:a 4.
4., ﬁcpéat ste;. 3 wilh successive additiuns of 5 cm3 of water
and not¢ the emf afv:r ~ach addition. rwecoru all dats in
Table 4. Collect rrocings of omf at six different
concentraticns of ihs mstullic salt solutién.
Treatment of Lata

1. 5Study Table 1 and ‘idontify the o taels wvihich viere able to
reduce .

a) all the three ouh r'metallic ions

b) only two of the thr:s metallic ions

c) only one of th: tnree metallic ions and

d) none of the mctallic ions.

Hence arrange the metal.-- metal ion half reactions
L +2
M7S s 4+ 20 D i
(d(-z) g No (S)
in the order 'of dacreasing wase ur reuucilon.

9. Hefyx-to the pyactisns of the metals with dil HCl. Hence
. identify the m-tel which was not able to rewuce hydrogen
ions ‘in the acia solution. Fit the half reaction

n i
\ } \ 4; 5 & ‘ . 3 .
Haq f & e {2(g) into the above table

3. Consider the rewctions of the halogehs with the solutions
containing the halide ions. Yrepare a table of dzcreasing
gase of reduction of the haldgens.

This can be represent:d
by the quation

}\2(61(}) + 2e % 2“(6(;)

4, write balanc=-d tot:l ractions for the cases where 1.cox

rzactions were. observaed.

. . 42
Ln(s) - ‘CU(

~N exanple is given below.

s | o
) e = Lag) T SNE)



=3
[T

59 -.In the wlectrochimical cells assembled by you in Part 2 of
this expaeriment, an oxidation half reaction takes place at’ the
clectrode in one half cell and a reduction half recaction at the
¢lectrode in the other half ccll. Th:e former electrode is called
the anode and the lattcr, the cathode. The electrodes can be
readily identified. The one which 1s connected to the negative
terminal on the millivoltmeter is the anode ‘anu the other is the
catnode.

. In each of the half cellsusrd by you, identify the two
¢lecirodes. Wwrite th: spontune¢ous half reactions occurring at

these electrodes. Combine the two half reactions to write the
cell ‘rc¢action.

6. You have learnt the method of representation of the
electroces. The cclls, which- are combinations of two such
clectroces can be represented as in the following example.
anggy | w5g) 11 g ) Cugs) |
Note that the anode or the negative ¢lectrodc is on the left
and the positive el=ctrouaz is on the right. The double vertical
line indicates that a salt bridge has been used.

Represcent esch ‘cell by this mcthod and arrange the cells in the
decreusing oraer of their emfs. :

7. In‘'the casc of fach half cell iuentify the combination in
which

‘a) -rTecguction was the spontaneous nrocess in the half cell

b) ~oxidation was the spontaneous process in the half cell

8. In part 3 of this expcriment, you have used the calomel
el@cirods as & ref»rence elrctrode. "Tha caslomel sleetrode 'can
be represented as follows : '

Ptrl H9(1) | Hg2012(5)’ L;J‘(seu.d aq)

represent the cells you have constructed by combining other
electrodes with the calomel clectroce, bearing in minc that
the nigative electroce must always -be on the left.

a) which are the elcctroces &l which the spontane..us process
ig-oxication and

b) wihich are those at vinich rcauction is the spontanecous
PLOCASE .7
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a)
b)

Ga)

Use

%
cal
mea
the
2

(o0}

Calculate the concentrations of the mrtallic salt solutions in
Fart 4, Entet the valuestin Table 4, .Congtruct plots of
a) emf vs concentration

b) emf vs log concentration

cussion ;
12 is @ stronger oxidizing «g.nt than Cu{s.. Usce tils
¥ \

nformation to-ceiistruct & sitids of all the half reectiivivs in

past Ty i ertler of GFCToasing <eascef setuetidin.

In the ¢lectrochemical ceclls constructed in pary 2,

aj what is the direciion of e«lectiron flow in the external
coapeuit 2 : ; .

b) what is the direction of flowlof negativ: ions in the

solu<icn ?

c) why is it appropriate to Gmsignatc thr «lectrods at which
oxidation occurs as the nsgative e¢lectrode ?

In a cell it is found that the calomel vlectroce is the

cathoce. Wwnat is th-: spontancous -r+action at this electrode ?

writa the balanced chemical ecuation for the reacition .

The following procedury 1is recommencec for cilculution of-cell
emfs from =zlectrode potentials and for deciaing the direction
of the spontaneous process in a cell.

The cell is represented with the négative-electroce on the left.
ihe eall emt is & = Er -~ E, y:whers
)

‘ and EL sre reduction.
potentials of the «lectroues on the right and left side
respectively. If this differsnce is positive, the cell
represcntation is coriec:. anc the cell process is spontaneous.
If nov, the position of the el:cirodes are revirsed in the
representacion.

The rooctions ot both tlecirouzs are written as reductions.

I3
processes at th: two ulectrodes.

The cell ivaetien is dky 5 [ whsle H“ and hL ard th: reduction

these convantions to answir the followling ¢u-siions.

If it is assumed that che xcduction potential for the saturatcec
on . clectroce is +0.2415 V at 25°C, calculats, from the
s..2d emfs of the cells in Part 3, the reduction poventials of
other ¢lectrouss in combinatiovn with the calomel rlectrode
the various ctlls.
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b)

@)

electroues is changed.
.changing ?

: 9

Using the valu:s of the pot:ntials calculatled above, predict
the emfs of the cells in part 2. pnter the predicted valu-s

in 2 column aujacent to the experimentally measureu values in

'Tabler2.

In assigning elactrode potwuntials, the potential of the stand-
ard’ hyurogen ¢lectroue (L.H.E) is arbitrerily taken as zero,
Kefer to'the text book for a wescription of the &sliec.

what is the meaning of the statcment that the reduction

potential of the saturated calomel electrode is +0.2415 V7~

How would you iwpresent the cell in which oni: of the electrodes
is the saturated calom:l and the other is th~ S.li.E. ? whet
will be the spontaneous cell reaction ?

2 ; g ; a , ¥ : ;
Fit the standard hydrogen clectrode potential into the sweries
in which rlectroues are arranged in the decreasing ordzr of
potentials ? '

a) In part 4, you have obscrved that the emf of the cell
changes as the concentration of the solution in one of the
Are both the ¢lectrode potentials

If not, w:ich of thes: potventials is changing on
dilution ? '

b) tuggest an empiiical relationship between the cell emf and

the concentration of the solution, ¢from the graphs you have

Ulrawile

#ie KA



Thernochemical hMeasurements

THE HEsT OF KiLaCTION

In this expiiiment you will use @ 250 ml brlenm~yer flask
&s the reaction vessel and as a simple calorimeter to mecasure
the heat-evolved or ubsorbed during the reactions.

You may assune that the heat of r+~ectijon will be used Lo
change the tempsrature of the aqueous sclution and of the
glass of the container. iie 'shall neglect other small lossis

- D

1o the surroundings. iiecall that it takes 1.0 calorie to chaﬁge
the temperaturs of one gram of water one degrec centigrade.

It takes 0.2 calorie to change the temperéture of ohe gruw of::
glass one uegr=2 centigrade. |

You go_not iiced to weligh the- water used eince 1.0 mli of

_w%ter welghs very-nearly 1.0 ¢ and you will measure the volume

to the_nedresc ik it ot e, Wihen the reactants are added to the

reaction flask you should note the change in temperatur: to the

nearest. 0.2°C. From the ¢ hange in temperature and the weight

of the reactants yow can calciilate thoe number of culories evelvag
or absorbcou.

In this expiriment you will.measire and compare the guantity

of the heau.involVed in three reéctions.

Reaction 1: Solid sodium hydraxjde €ieooliras 11t watesr tm form av

«aqueous solution of ions.

'NaCHisl i » HNaT(af) + OM (ag) 4%, wol
H1 = =Xy €81

Heacfijon 2 : Solid socium hydroxide reacts with an aqu-ous
solution of hycrogen chloride to form water and an aqucous
solution of sodium chloriuc

NaOH(s) + n"(aq) + L17(aq) _ 5 10 + Nat(aq) + Cl7(aq) + X,cal
H2 f -Xo cal
fieaction 3: an aqueous solution of sodium hydroxids reacts with
an aqueous solution of hydrogen chloride to form vigter and an
ac¢fueous suvlution of sodium chloride : * 1. Al
+ - N
N,y FOHT e v 1Y s A U =3 1), 0N Ty T
£ O ) n LI o ' -t f l )
v ( ‘W) ) LT hH i\“ ) -;\3(‘:&0
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petermination of thesieat of heactdon ¥

a) welgh a clean cry 250 ml Erleymeyer flask ta the pearést ¢

b} Put 200 ml (+ 1 ml) of cool tap water into ‘ihe -flask.. oti.
carefully -with & thermumeter until a constunt temperaturu is

reached (about. rgom tempersiure). necord thls temperature to “i
, (o8 ; *
nearest 0.2°C.

c) weigh about 2 g of solid sodium hyaroxide, NaCH to the
nearest 0.01 g. oince sodiuwm bydroxide, hecomes moist as it is
beinq weighed in the bpen éir; your teacher will give you spac
instructions on vieighing rapidly a prescribed number‘of'the

aglid pellste which will gpproximately 2 ¢ (b*t“@eﬁ 1.9 9 and
A g)~ ‘

d) Pour the weighed NaOH(s) into a water in the Erleomeyex £]- -
Swirl the flask until the eodium hydroxide. ic dissolved. Flace .

the thermometer -into the flask and rccord the extreme tenperatiimg
reached. :

Before proceeding to Rzaction 2{[rinse the -250 ml-flask
tharoughly with water. |

Dgtt:mination of the”méat‘of heaétion 2%

Hepeat steps a,b,c and d used in the cetermination of the heat
Tor Beaci{ion % except in step b'éﬁbstitute 200 ml of 0.25 4 HCL
for tap water. Kiase the 25@ wl flask again and procesd to
Heaetigm 8.

Leteruination of the leat of Heaction 3 -

a) Mmeasure 100 nl of 0.5 g HCl into ihe 250'ml flask and 100 m
of 0.5 M NaOH into & 250 ml beaker.. Both of thes: solutions
should be at, or slightly bulow, room tempsrature. Check this
. with a thernometer. (kinse and dry the thirmomster before

transferring i1t from ene solutior to another). Liecoru ihe
temperatures.
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1) xdd the sodium hydroxide solution.to the hydiochloric acid
colution. &iiix quickly and nois the highest tenperature
reached. '

Ja.vulations i

.o FoOr «ach reaction, calculate

1{ 'the chunga 1in tenperature

i) “the ameunt eof huat Ehat is absorb.dby the solution,

{) the amount of heat absorbs=d by the beaker;

) the total amount of heat absorbed;

) the number of moles of NaOH used in :each reaction

) ¢ the total amount of heat involwed peT mole of NaQH.

I ,txpres§ your results as. heats of .reaction :
A H, -A_H2 anc AH3

I &) Compare [}H2 with Z1H1 - £3H3 and explain.

) Lalculate the p rcent cifference between AHQ andAH‘ +¢L'}13

§ Tssuning Lﬁ H2 o be ebiTract.
ue_tions

« write-the net ionic ecuations for Reactions 2 and 3.

In reaction 1, 1&H1 represents the heat of solution of NaQli(s).

Look at the net ionic ecuations for keactions 2 and 3 and

make‘a statenent concerning the significance of 13H2 and
Qllax

Suppose.you had used 4 g of NaOH(s) in Reaction.i~

) what would bpe the number of calories evolved %

what effect would tﬁis have on your calculation ofL3H1,
the. heat invelved per mole ?

-

AT Gedc e IR
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Experiment :
Aaim: To study the kinstics of the rcaction between potassium

peroxydisulphate and potassium iodide by the initieal
rate method. (Clock ieaction)

Introduction :

we have secen earlier that {he time recuired for a particulaxr
fraction (x/a) of reaction to occur is independent of initial
concentration a, if the leaction is first order. If (x/a) = 1/n,
we can write that

Kyty e =10 n/(am1) (1)

where t1/n is the time for onc nth of the ieaction to occur.
If we keep 1/n small, we would be confining our catiention to the
initial stages of the reaction ana t would be inversely

1/n
related to the initial rate of the reaction.

One - of the muthods by which the time for one nth of a
reaction to occur can be measured is-illustrated by the iodine
clocke. This technique is employed here to study -the reaction
between K2S208 and KI.  ivaction mixture consis?ing of a known
excess of KI anc¢ a relatively small concentration of K25208 and
sodium tihiosulphste and a little starch is preparcd. The iodine
liberated by the reacticn between K28208 and KI should result in
the appea rance of a blue colour brcause of the starch pres nt in
the mixture. - But the appearance of the colour is delayed till
the Na.S,G,, which is also & componcnt of the mixtur -

| I “ohg blue colours thereals

piticular amount of iodine to b Libos
This 1is therefore a measurwe of the initial rate of the reaction
betweszn K25208 and KI.

Once the technique for measurvment of initial rate is chosen,
we can use it for measurements of the rate uncer varying coiiposi-
tions of reaction mixture, temperature and so on. This is a
convenient technicque b.cause a large number of ~measurements can be
.Jdone in a short time. loreover, when attention is confined to the
initial siuges of the rzaction, complications due to the accumu-
ration of products will not be significant.
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Materials N«eded

1. - Pipeties S 1Och3, 1Qcm3,graduated, 5¢m3,'26m3;
1cm™ ~ one. each. |

2. Boiling Tubes : Two |

3.. Beaker 250 cm3 " § One

4. 0.5 M KI in a . about 250 em>

‘ca)oured botile b

5. 04015 i Ky9,0g in a : about 100 cm®
stoppered bottle '

6. 0.01 M Na,5,05 in a & about 100 i
stoppered vbottle

% 5x10'4 M CubU, in a : nabout 100_cm3
stoppsred bottle
8. 2% starch in a bottle with a dropper

9. Thermometer : One
Q1" sensitivity
10. Stopwatch .: One

Procedure
pPart 1 :

1. Pipetie 10cm° of KI followed by 1 cm® of Na,$,0; int: the
bolling tube labelled A.

2. Using thc graduated pipstte, add 9 cm3 of distilled wter +eo

a7l Y e L ‘lution. juix - and place the tu!

(thermostat).
sl s - v of K,5,0g inco the boiling tube labelled B.
Add 3 drops of starch, mix and place the tube in the beakex
containing water. (thermostat).
4. Wwait for temperature eqpilibriation; note the temperature
of . the thermostat. 1

5. hapidly transfer soluticn £ to solution », starting the stop

wafch,simultanPOUSly. Pour “back and forth bstween the tube:
twice and place the mixture in the thermostat. when a
definite blue colour apiears, stop the watch and note: the

time. Record in Table 1, as time for reaction mixture 1.
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Kennat the above steps with renciion mixtures 2,3 and 4. whuse
compositions are given at the end of these instructions,
Regord the corresponding times in Table 1.

al .he above steps with rcaction mixtures 5, 6 and 7 and in

"¢ _se note the time for the appearance of blue colour. iecord
Bles

in Table 2. Incluce in pﬁe table, the tim: for mixture

I and in Pary, 1.

Thernostat @& nixiure of 1O'cm3 of &I 1‘cm3 of Na28203 anc
3 cma of wat.r (mixturs 8) in boiling tub¢ i
‘Fr--mostat a mixture of 9 cm3 of K26208, 1 cm3 of Cu504
ir~ 3 drops of starch in boiling tub: B.
d“trn two soluiions rapidly,
i3 a1ltancously.. Four

1 place the mixture

starting the stopwatch
back and forth brtween the tubes twice

in the thermostat. Stop the watch the

:nt a blue colour is observed. Note the time. Kecord in
a e 3. )

at the above steps with mixturcs'9,‘10 and 11 and record
h times in Table 3.

HBEE" @ mixtiee, of 110 ©n™ of RIg= cm3 of Na25?01 and G S

“he 4y and place the tube i
6 (g oo e IS

instte 5 cm’ of K,9,0g ihto boiling tube B. add 3 drops of
:2vch, mix and placc the tube in the thermostat.

Iv two lumps of ice to the water in the beaker. Place a

W mometer in the solution in tube A..

when a stecaay io.rx
|

crature is attained, rupidly transfexr the solution from B
t, simultaneously starting the stopwatcn. Pour back and
h between the tubus twice &nq'place the mixture in the

¢ :r. Stop the watch the moment & blue colour appcars.

t the time and the temperature.

necord these in Table 4.
¢ the tubes.
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“place the thermometer in solution A.

Pipette the soluiions as ‘'given in steps 1 and 2 inio the
: 3 : .
boiling tube¢s. place them in the thermostat. add some

.water to the water in the becaker. btir'With a glass roc

lWinen a steacy temrv%
rature is attained, .rapidly mix the solutions, start' the s{_
watch and note time for appear.nce of the blue colour.

Note the tuhperdture of the mixture «nd record .the time
and tewperature in Table 4. -

hepeat lhe experiment as above at two more temp ratures.
lhe change in temperaturc can be brought about by suitab!
additions of warm wate¢r to the beaker.

Treatment of bata :

1.

“t o

Liscussion

Uy

Calculate the concentrations of each component of the

reaction mixtures 1-to 11.. Lnter them in appropriate
columns in Tables 1 to 3.

The ecemcentration of‘Na25203_in the mixturis. is related to
the amount of iodine liberated when the blue colour appeauss.
Calculcte the concentration of lodine at the first appearaw
of blue colour. (remember that 1 mol of I,= 2-mels of
Na,5,0 ). Since the conicent.ation of Na25203 is the same )
all the mixtures, the times rocorded are the times for the

appearance of the same-amount of iodine in tach case.
Calculatc the initial rates in terms of mols dm™> of jodir
Vikheratad per unit time. Record the v

'.'lfS 1 tO 40

it ull the reaction mixtures, K,5,0g is taken at a much lc..§

concentration than KI. It is, therefore, the limiting

rcactant. With this as the reference, calculate the fract...

reacteu (x/a) or (1/n) when the blue colour appcarse
How are we justified in assuming that the time measured in
these experiments is inversely rclaticd to the initial rate

‘of the r;action ?

What variation was done in Part 1 ?
«hassuning that the reacticn is first order with respect to

52052 sy Calculatc the pseudo first orcer constant from the

tim~s reccorded in Part 1. (Us» ecn.(1) of introduction).
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fecord the values in Table 1. Is our assumpticn about the order
valiua ?
/~ "what variation was done in Part 2 ?

¢ .Calculate the pseudo first order rate constants in Pazit 2,

b~

X

ter the values in Table 2.
i o Plok log k1 against log [l{] and join the points by the
st line,  Find th  order with respect.to I™ .and ihe true rate

nstant: of the reaction. wxpress in appropriate units.

i One possible variable that affects the rate constant is the
: +anic strength of th:: medium. . Calculate the ionie ¢rengths in
--spect of the four mixturss used in part 2°and convince yourself
"+rat it is mainly determined by {helconcentration of KI. Since
+4is‘is maintained constant in the.mixtures uszd in the other.
x;té of this experiment, it can be aﬁsumed that the ruaétiops in
'Weléther parts were carried out at conctant ionic. strength.

o. .Plot iog k2 against jﬁfuwhera-K2 is the second order

rate constant calculated in step 6 and 1 is the ionic strength .
vi the solution, which is calculateca in step 7. Find the

" siope of the graph. \what indication does this give about the
nature of the particles involveda in the formation of-the
activated complex for the reaction ? ‘Identify these particles

'and write.én eguation for the formation of- the complex.

e Cu+2Hintroduced in Part 3 functions as a catalyst. Wwhat is

Lne evicence ?

T s lil gy ~uclo. first order rate constants I

citer the values in Tabl.

| . Since the rvaction can also occur in the absence of the-
italyst, the observed rate constant'k1 is relat~d tc the
oncentration of the catalyst as follows .

ky = ko * kegy ECU+'21 -‘ | . i

here ko is the rate constant for the uncatalysed path and
"cat;is that for the catalysed path.. Test this ecuation graphi-.
-ally and calculate kc-t from the graph. Express in pioper
inits. -
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13‘

14.

15'

16.
17.

(o))

From Arrhenius couation and’gen(1)%of introduction, show

log t1/n =4/ 2.303 KI '~ 27congtans. (3)

plot log t1/n against -1 /T ;nﬁ?axti4‘of this experiment.
Join the points by <he best?;inefand find the energy of
activation. Lxpress in properiunits.

Calculate the sccond order rate constant k2 at each

temperétUre from the known.concentration of 17 and k1.

Plot log k, against 1/T.. Join the'points by the best. line.
Find L, and + from the graph.

Calculate k, at 25°C from the known valu:s of E "and s.

4 #
Calculate A H#, AG?7L and AS for the reaction.

¥* -')rvr-frj::‘ :'



