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THE OPEN UNIVERSITY OF SRILANKA

B. Sc Degree Programme — Level 3

Final Examination Paper — 2019/2020

CYU3300 — Basic Principles of Chemistry 1

Duration - (02 hours)

Instructions to candidates
e This Question paper consist of TWO (02) sections.

Section I- Short answer questions, Recommended time 30 minutes.
Answer ALL three (03) questions. Answers should be written in the spaces

provided.

Section Il — Structured Questions, Recommended time 1 hour and 30 minutes.
Answer ALL three (03) questions by following instructions.

o Submit answers to both sections together.

o The use of a non-programmable calculator is permitted.

e Youare NOT allowed to keep the mobile phones during examination. Please switch them off
and leave in a safe place.
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Section I
(Recommended time 30 minutes)

e  This section consists of Three (3) short answer questions.
ed® emdn emd auind yum neEs? (03)e®@si8ne
o Answer All Questions, 8wed® ydwm wews 8Enc; wuwsis,

¢ Your answers should be written in the spaces provided
BRed BENT; & ¢ 9B u@romed 88w g d.

0l.(a) Identify four quantum numbers that can be used to describe an electron in the depicted atomic
orbital. / Swed cuetn vd@agm m8med sdhn geceddmun Buns B8® wewo
@o¢ OB YR WOSTO® geom wmdet Ewesim,

..........................................................

...........................................................

(08 marks)

(b) A form of Rydberg equation may be used to predict the emission spectrum of which of the
following species? Mark all by drawing a circle. Give reasons for your choice.

Baalbd edwmimed gmndws! ewmgp 0R8x, svn qEledm wOm Sodude De®fds
DEendEw BEAe gedimimes! me vl ¢! $D o1 EE0 cmeg worim, ®ded onfdo wewo
oy ebsim.

(i) Hydride ion, H- / w8888 gwme, H-

(i) Duterium atom, D /8y38w0® 6@end , D

(iii) Tritium atom, I / §8w® od®seme, T

(iv) Helium cation, He' / 88w® movwme |, He™

(v) Beryllium cation, Be** / 0988w® Doy, Bett

REaSOI GUIDE) et e e e e

................................................................................................

(06 marks)
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(¢) An electron in monatomic hydrogen atom moves from a 3d orbital to a 3p orbital.

Sm e6Pe 8RS 8éPgEdn gecwedimwn 3d mot8med 80 3p muf8mwe (Do
©857 O,

(1) What is AE corresponding to this transition?/ e®® w-E@e el §C AE x®: ¢?

........................................................................................

(i) What is the potential energy of the electron when it is no fonger associated with the atom?
pocEeodime nDecOe BoSmb W w®IIL O wnd 50 & 68 Bwd anBe B ed ¢?

....................................................................................................

(04 marks)

(d) Write down the short hand notation for the electron configuration of Ti.
(Atomic number of Ti is 22)

Ti & gocHoddn Bomned end ong® Guviv. (Ti B ec@oegmm P@rme 22 H.)

.............................................................................. (04 marks)

() “Alkali metals are strong reducing agents”. Explain.
s ocdy 5P ufnidm ob. BB,

..................................................................................................................

...................................................................................................................

(04 marks)

(f) Electronegativity of carbon in HC=CH is higher than that of carbon in H3C-CHs. Why?
HC = CH 8 0030 Benst wagemnde HiC- CHs 8 68 qowd Dib OB, ved Drlert &7

------------------------------------------------------------------------------------------------------------------

(05 marks)

(g) Va0s is a well-known catalyst used in the production of sulphuric acid in contact process. What
characteristics property of Vanadium make this possible?

V105 om dubae mde cden edBrdnt Bdvigmae wem ewg O EAD 88D csfoydmas.
DeREOS Rdn Ctedhn Qenws! 08 B um 6d ¢?

..................................................................................................................

(03 marks)
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2. (a). In NaCl, the coordination numbers of Na* and CI™ ions are:

NaCl & Na' w0 ClI' gom DG s-0m qomas?

(08 marks)

{(b) Draw the direction of net dipole moment of CCly and CHCI;,
CCla 100 CHCly wemo gdd) §090 gbomed Bamd oc ousiDsin.

(12 marks)

{¢) Indicating the formal charges on the atoms in the ion, draw the resonance structures for NOy~,

NOs' qumed od@ieg O 880 greddum (formal Changes) w08t ©wd B¢ wih
0®ywEn Ogw gluis,

(12 marks)
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3. (a) Give the [UPAC name of the given compound./ g 0B sevedoend [UPAC w»®s ¢ufdsis.

GHs
HC=C~C~CH=CH,
CH,

CHs

(b) Consider the following reactions of two alcohols with Lucas reagent.
sGememe o @ Lucas ghmdme gm0 af O som & @l yife o

esz i,
. HCI
Reaction 1 : (CH3),CH-OH {CHa),CH-CI
ZnClp, 25°C
R (CH3)sC—OH Hol (CH3)3C—Cl
eaction 2 - -
3 ZnCl,, 25°C 33

i, Compare the rates of the two reactions. / g eqomd 0do esoessieme WOTD,

...................................................................................................

ii.  Give reasons for your answer to part (b) 1./ @wm (b)) emOsnd et BEndd edn cdsim.

...................................................................................................

---------------------------------------------------------------------------------------------------

i, Write the mechanism of Reaction 1./ oe8 u88wd (Reaction 1) mews wsinen Gusln.

(34-marks)
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Il emooes
(A8 mace wie 01 D08 30)
08 emde Dypon g@n nndst (03) eozids «. Boc® gdm wew 88no soevin.
(creced BEsEninm.) -

01 (), (b) wo (c) gnBzy Bzn® emde eemmd (02) BEnd wuwsim,

@ (@ 5@ R BEAE omn@wus! qumatie, 6¢liod B ©o weessien BIBB.
(cme 10)
(i) A=444nm O Bd pecimed Li**(g) ® gocseddmn n=2 gduted
80 n =4 aDedd ¢t el dmned wrledn ad ¢? gyee o omnw BESRET
cusiDsI). (cmeg 15)

(i) Li** (g) & gocdedym» n=2 8on=4 elDo emPemnd gban ewdie,
n=1 80 n=2 @nd®wmscd edasenBed 08 ed ¢? wymenst gi) e
¢? amtd woumns pyewrs’ cosidsin. (gowest ecm omow AE0H gboms

D) (cme 10)

“(iv) B6@eRdm BOWOD gom OGu! Bens mined @ 7
emd (Fe) 8 onf 3d gecsedinemd oy ouf 4s gecHedimnemd
geo@ WOBTOO g Gurim. (emey 13)

(b) @ sS@gOm ad oecseddnen anife HOsICmdama B a8 estems? gewed

mdsient m@n ¢? (cme 10)
() -1.362x 1070 ] antd 9008 vdgust ostiged mdhe 0 anll 9000 8 Hlenw
MSsTm, (e 10)

(iii) X - Ades smmaiist m6-e gw®e 1.544 A Bfcmmest Bmst mdd, X —
Roem nd egdeddmam afe ¥c 88 omndem e?Ruby edwdws @8sf nd-®
gosa®e 694.3 nm D2 O gecime Ansl @08, on pocdmed d odfeddmnemd
080 X- Bdem egdeddmem anlde B gesws oD ¢7

. (cmen 15)
(iv) 0RBestasd adAdEdn G ab8e wewsl mdvln.

ade 0.05 nm Om »8fus! 8cPgdn sensn, 08 gecHedimed BHIS
sSBmed gdews’ 1% wl Sdbnmbdess (accuracy) w®eod ¢,

pecriedimned B8Se® ¢dAddnmbe O ¢7
goceined 0®umbded gdBEEnmOG RO ? {cmen 15)
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Section 11
(Recommended time 1hour 30 minutes)

e This section consist of three (3} structured essay questions. Answer ALL three questions by
following instructions.

1. Answer any TWO (02) parts out of the three parts, (a), (b) and (c).

(a) (i) Compare the Thomson model of the atom with the Rutherford model. {10 marks)

(i) Does blue light of wavelength, A = 444 nm is capable of exciting electrons in Li?* (g) from
n=2 state to n =4 state? Show by means of a calculation. (15 marks)

(iii) Is the value of the energy of transition of electron from the state n =2 to n =4 in Li *, greater
than or less than the value of the energy of transition from the staten=1ton=2in Li " ?
Explain with the use of an energy level diagram. (It is not necessary to calculate the values
of the two quantities). (10 marks)

(iv) What do each quantum number in an atom describe?
Write the quantum numbers of one of the 3d and one of the 4s clectrons in iron (Fe).
(15 marks)

(b) (i) What does it mean to say that the energy of the electrons in an atom is quantized? (10 marks)
(ii) Determine whether an energy level of — 1.362 x 10~'? J is an allowed electron energy state in
atomic hydrogen. (10 marks)
(iii) An x-ray generator emits radiation with a wavelength of 1.544 A.

What is the energy in joules of a single photon?
How many times more energetic is a single x-ray photon of this wavelength than a photon
emitted by a ruby laser which emits red light at a wavelength of 694.3 nm?

(15 marks)
(iv) State the Heisenberg uncertainty prineiple,

Consider an atom of hydrogen with a radius of 0.05 nm. Say, the position of the electron is
known to an accuracy of 1% of the hydrogen radius only.
What will be the uncertainty of the position?

Ly " . f)
What will be the uncertainty of the momentum? (15 marks)

6
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(¢) (i} ol 8 88Ems Yedbow @l ¢7 BnBds! ceEudemnd 0B8] vwesis.
(ii) guBmsen aniBe wg) mO ¢? B6Bembm BB OEBed AELI &3E0B Bl
no e®unbo ¢? Mg 8 8cf qudimde amBe Al HED Dk 0080 ewn vwEETn.
(i) EdfecBEenio Bsht Awede gad; Smo mIsIH. Hned Breodn® 6@ ¢!
(iv) mOBmoemw (Catanation) emneds’ g mostenst @l ¢7 cowdamens ege C
eeD BHEID.
(v) ©8edBe® w ecd yimd REBmde ebddd ecn 12 ouxldd. AdHe goc
adGemes (Inert Pair effect)  gptodewsy 09w es®esis).
(vi) VCh 88w gomen! emognd 0D amd TiCls gdene (Ol 0. ednw swesis.
(viD) aSmB8 weomIdm®e BF RO ¢? emdewst Bnd mSsin.
(cmen 50)

02. (a), (b), (c) Bug @m0 wgwo BEnd wuesim.

(a) (1) LiBr (s) =&® esgeo wOnSmewns’ HO mOD G¢ eI edds Dnen glsin. vop B
cned® »c o8’ LiBr 8 ¢ 8w @mfe eeme mOsim.

kJ mol!
LiBr sewms cfoes Osimn 8o -351.2
Li wewo Bees anlfie 134.7
Li escwn gudlimden Bwda 520
Br (1) & od8mden andiSn 309
Br(g) ecws Sxdm anlde 193.9
Br scws gecmedds dsigmbe -324

(i) LiBr 8 eeedisiBm 8w anide oSeston enewsl e0nd ¢d ¢! Bded BERS
e, (e 30)

(b} Eogtsn OO goc eeceddn SmBam(VSEPR) Duge ©w S§n@mden coewd@ mo
©BR8x3 SFs ew SFs D@ €8s neddmdmnes mowim. (emer 30)

© () O e geam moniBm wmd sOvm alsln. AsDn eug vemme ¢ o6 OvD
pennst BEQ¢ aomdih mosis.

(ii) px =ot8m ecmd ww P2 DB cem (esind wddn gules 2 amleven ©0.)
ah88n Deds! e gE» womiBm are S8 5O WoBT®. (cmeq 40)
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(©) (i). What is Pauli Exclusion Principle? Explain using oxygen as an example,

(i). What is meant by ionization energy? What are the three basic factors that affect the ionization
energy of an atom? Explain the reason for having higher 1% ionization energy in Mg than Al.

(iii). Explain how borosilicate glasses are produced? What are the importances?
(iv). What is meant by catenation? Explain using carbon as an example.
(v). Tin and lead predominantly show an oxidation state of Explain using inert pair effect.

(vi). Aqueous solution of VClI; is green in colour while TiCly solution is purple. Explain the
difference.

(vii). What is meant by actinide contraction? Briefly deseribe.
(50 marks)

2. Answer all parts (a), (b) and (c).

(a) (i) Draw a fully labelled Born- Haber cycle for the formation of LiBr(s) and use the data given
below to calculate the lattice energy of LiBr.

kJ mol ™
Enthalpy of formation of LiBr -351.2
Sublimation energy of Li 134.7
Tonization potential of Li 520
Vaporization energy of Brag) 30.9
Dissociation energy of Bryy 193.9
Electron affinity of Br -324

(i) Will the theoretical lattice energy of LiBr be different from the experimental value?
Explain your answer. (30 marks)

(b) Using the concepts of Valence Shell Electron Pair Repulsion (VSEPR) theory and

hybridization, predict the geometry of SF4and SFs.
(30 marks)

(c)(d) Draw the molecular orbital energy diagram of O,. Calculate the bond order and comment on
its magnetic property.

(i) Draw and label the molecular orbitals formed by the overlap of two py orbitals and two p,
orbitals (z- axis is the inter- nuclear axis).
(40 marks)
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03. a,bw ¢ 2nbst @200 emdd eemmd (02) BEnd esesco Tl T,

(1) () oo @ gder wdc g0c- vd0 yBBwdR. OF g9cwd, wai@n a@ces He
Folerapay

NaF + NH3

HF + NaNH,

(i) @88 g®cw (CHiCOOH) s8w @dned & ¢80 eudmdess od. Cl COOH #
seBmcen gBBwd Euw 08 gd¢ Bunae (Ka) o wd®mdanes Dyesin mIsis.

(iil) Ko e pKa 450 @35m0 ewsits, CFCOOH 8 pKa gqoe, CH; COOH & o®
aned D g Drfest @iu 8 swesin. (eme 50)

A 80 ] el § e36e® gfmadm, yhBwe 950, gno®wst ewd uBBw 8¢ fO8sf v
2 a8 o8B0 ogdh Oyl mosim.

M @ O8O | A B §
ether OH
i c 1.0
(ii Q—CECH Q—GH:CH2 > D + E
2. HYH,0

(i)  ~F

J I N
OH =—— OH

(cmye 50)

(€) adDas uBmadm wo gBBw ntd o vws § g 808w gt ecms (02) Beme wid
guc evsiDsim.
() CHaCHCH,Br —————» CHzCEC—CH,CH,CHs

B
r 0
CHa'C“CHQCHg

(i) CH3CH=CHCHz
Br

(iii) O/C] E—— @)0

(cmeg 50)
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3. Answer any TWO (02) parts of (a), (b) and (c).
(a)(i) Given Below is a simple acid base reaction. Label the acid and its conjugate acid in it,
HF + NaNH; ——— NaF + NH;

(i) Acetic acid (CH3COOH) partially fonizes in aqueous medium. Write a reaction for the
ionization of CH3COOH and derive an equation for its acidity constant (Ka).

(iii)Giving the relationship between K, and pK, explain why pK, of CF3COOH is lower than that

of CH;COOH.
(50 marks)
(b} Complete the following reaction sequences giving most suitable reagents, conditions,
intermediates or products labeled as A-J.
OH
() @ 00s B @
ether OH
- 1.0
(i) QCECH c QCH:CHZ 2 D + E
2, H¥H,0
F G
{iii) ~F gy \/\MgBr
H
O
J HYIH,O
\/\)kOH \/\/\OH 2
(50 marks)
(¢) Giving necessary conditions and reagents show how any two (02) of the following
transformations could be done.
() CHyCH-CH,Br CH3C=C-CH,CH,CH,
Br
i}
(i) CHsCH=CHCH, CHy C=CH,CHg
Br
Ci
(iit) O/ e 0]
(50 marks)




