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Answer all guestions
Select the most correct answer fo each question given below and mark a cross X over the answer
on the given answer sheet. Any answer with more than one X will not be counted.

Avogadro constant, L = 6,023 x 10® mol™
Velocity of light, ¢ =3x108ms™
Mass of a hydrogen atom =1.007825u

Mass of a neutron =1.008665u

lu =1.661x 107 kg

1 MeV =1.6021 x 107"

1. What will be the product of B~ decay by ' C ? ,

15N 2)5C HUN 4){B 5 3B
2. Which of the following comments is true about (4n+1) decay series?

1) *2Th is the parent member of the series.  2) It involves emission of a only

3) It involves emission of B only 4) The series ends with 2;’39 Bi

Wp . .
5) *®Rais a member of the decay series.

3. The half-life (t;2) of carbon-11 is 20.4 min. What percentage of the original 1.0 mg
sample of carbon-11 is left after I hour 42 minutes ?

25 2125 3)3.125 4)6.25 5)37.5

4, Two of the following nuclides will be expected to be stable.
@5F O FNe (30 @C
The answer is
1) (a) and (b} only 2) (b) and (c) only 3) (c) and (d) only
43 (d) and (a) only 5) (a), (b) and (c) only

5. Tdentify the type of nuclear reaction: f;P — 25 +7?
1) u- decay 2) electron emission 3) positron emission

4) electron capture 5) ¥ emission



6. Identify from the following the type of nuclear decay process(s) that the radionuclide,
fB mdy undergo:

(a) electron emission (b) electron capture (c) positron emission . -

The answer is

1) (a) only 2) (b) only 3)(c) only
4} (a) and (b) only 5) (b) and (c) only

7. Which one of the following radionuclides will undergo electron emission?
HBF  2) ENe 3) 4,0 4y C ) VN

8. Identify the type of nuclear reaction: 1/ +? — JHe + n

1) Electron capture 2) neutron activation 3) fusion
4) chain reaction 5) fission

9. Indicate the part/system of the body investigated using iron-59 as a radiotracer.
1) eyes 2) thyroid 3) red bloed cells 43 lungs 5) heart

10. A piece of charcoal from a prehistoric site is found to emit 3.85 P particles per
minuie per gram of charcoal. Each gram of carbon in living tissue has a constant B
ray activily of 15.3 disintegration per minute (dprm). The age of the campsite is

1)5700y 2) 11400y 3)4950y 4)2475y 5)4798y

11. Consider the following statements.
(a)  Symmeiry is a guality of an object.
(b)  Symmetry is a guantity related to an object.
(¢)  An operational definition always involves a procedure.

The correet statements, out of (a), (b) and (c) above, are
1} {a) and (b} only. 2) (a) and (c) only. 3) (b) and (c) only.
4} All (a), (b) and (c). 5) None of the answers (1), (2), (3) or (4), is correct.

12. Pick the configuration/s which is/are possibly equivalent to the following configuration of

ammonia molecule,
N..
/ “'-'..,,"
HY H;
Hy

out of (i), (ii) and (iii) given below.

N.. N H,
".I"\II; I"‘-.."" H
Hl/ \ H, Hl/ \ Hs ’\ / P
H, H, N*

0 (i) @)

ha



13,

14,

15.

1) (i) only. i) (ii) only. 3) (i) and (ii) only.
4) (i), and (iii) only  5) Alf (i), (ii) and (iii).

Consider the following statements.

(a) Anequivalent configuration is a special example of an identical configuration.

(b) Anidentical configuration is a special example of an equivalent configuration.

{c) There is no relationship between an equivalent configuration and an identical
configuration.

The correct statements, out of (a), (b) and (c) above, are

1) (a) and {b) only. 2) (a) and (c) only. 3} (b) and (c) only.

4y All (a), () and (c).  5) None of the answers (1), (2), (3) or (4), is correct.

A symmetry operation

(a) always carries the nuclei of a molecule from one configuration to an identical
configuration.

(b) is always carried out about a plane, straight line or a point.

(c) always carries the nuclei of a molecule from one configuration to an equivalent
configuration.

The correct statements, out of (1), (ii) and (iii) above, are

1) (a) and (b) only. 2) (2) and (c) only. 3) (b} and (c) only.

4 All (a), (b)and (c).  5) None of the answers (1), (2), (3) or (4), is correct.

Consider the following statements about ethane in neither staggered nor eclipsed
conformation, the Newmann projection formula of which is given below.
H

(a) C-C bond axis is a C, axis.
{(b) The molecule has three C, axes perpendicular to the C-C bond axis.
{c) C-C bond axis is an S axis.

The correct statements, out of (1), (ii) and (iii) above, are
1} (2) and (b) only. 2) (a) and {c) only. 3) (b) and (c) only.

_ A All (a), (b)and (¢}  5) None of the answers (1), (2), (3) or (4), is correct.



16.

17.

18.

19,

BF; is a planar molecule with a C, as its principal axis. It can be reacted with a fluoride ion

to give BF,” which has tetrahedral geometry (like methane). Consider the following

statements about BF, .
(a) The order of principal axis of BF,” is also 3,
(by Unlike BE,, BF, has a permanent dipole moment since it has a charge.

(c) Like BF;, BF,” does not have a centre of inversion.

The correct statements, out of {i), (ii) and (iii) above, are
1) (a) and (b) only. 2) (2) and (c) only, 3) (b) and (c) only.
4) All (a), (b) and (c) 5) None of the answers (1), (2), (3) or (4), is correct.

The total sets of reflection symmetry operations, which produce distinet outcomes, which
can be carried out with respect to each of the symmetry planes

(a) g, of BE (b) 5, of H,S and {c) o, of eclipsed ethane,
respectively, are given by '

) {08} {E}{o 8] 2) {o.E} {0} {E]
3 {O“E},{G,E},{G,E} 4) {E},{U,E},{G,E}
5){o.Eh{E}.{E)

What is the incorrect relationship regarding an inversion symmetry operation in a
C,H, molecule.

1) i?=E 2) i*=i*  3) i=i® 4) i=E 5) i=i’

Consider the following statements.

(a) Always there are 4 distinct improper rotational symmetry operations about an S, axis.
(b) Always a molecule with an S, axis cannot have an inversion centre.

(¢) Always there is a C, coincident with an Sy,

The eorreet statements, out of (a), (b) and (c) above, are

1) {(a) and (b) only. 2) (a) and (c) only. 3) (b) and (c) only.

4y All {a), (b and (c) 5) None of the answers (1), (2), (3) or (4), is correct.

. Trans-CHCI=CHC! molecule does not have a dipole moment even though it does not have

more than one axis of rotation. Which symmetry element indicates that it cannot have a
dipoie moment?

1) i 2) C, 3) o, 4) o, 5) C,
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Reg. No.
Marks

10.

13.

16.

15.

Part A
Part B
For Examiners Use
Total %
Marks
Correct Answers
Wrong Answers
Total
2. 1 2 |3 74|58 3 112 415
5. 1 2 13|45 [ 112 415
8. 1 2 [314]|5 9 1|2 415
11, |12 3|4 5 12 112 4 5
14, 112 314 L 15. |1 (2 4 5
17. 1|2 3|4 5 18 112 4 5
20, |1 |2 3|4 5




Part B- Structured Essay (40 Marks)
Answer all questions only in the space provided. Attached sheets will not be graded.

1. (a) ;'S K undergoes radioactive decay in three ways;
(i} 98.2% is by electron capture (ii) 1.35% is by §~ emission,
(iii} 49% is by positron (B*) emission

Write the nuclear equations for the three modes by which |5 K decays:

GH1) e ee e e, (06 marks)

(b) Consider the following part of a decay serjes:

WU — X I Wpg 257 55 Wpp

(i) ldentify the type of decay series. ......coocviiviiiiiniiiiinannnns
(i) Identify X oo RPN 3K e {04 marks)

(c) Calculate the activity of 1ug of pure carbon-14 in Becquerel (Bq). Half- life of
carbon-14 is 5730 years. (05 marks)

(d) Caleulate the decay energy (MeV) for the radioactive decay process:

226

w4
6B 3R+ 11 iven the masses (u or amu) of wRa , 2 Rnand | He as 226.02544,
222.01761 and 4.0026033, respectively, (05 marks)



(a) XeF, ionhasa C; as its principal axis, It also has five C, axes.

i) Briefly describe the geometry of the nuclear skeleton of XekF;™ .

if) Sketch the nuclear skeleton of XeF; and draw the five C, axes on it.

(b} Ga,H; has the following structure.
H
I

Two Ga nuclei and the H, and H; are on a plane which is perpendicular the plane
containing the remaining hydrogen nuclei and the two Ga nuclei.

i) Locate all the symmetry planes in Ga,Hg.

ii) Sketch the resultant configuration when a C, operation is performed on configuration
of Ga,Hgshown in the above diagram, about the axis passing through the two Ga
nuclei.

ifi} Is the rotation operation described in part (i) above a symmetry operation of
Ga,Hg ? Briefly explain your answer.



iv) Locate all the remaining C, axes in Ga,H,.

v) What is the principal axis of Ga,H¢?

vi} Locate all the vertical planes in the molecule.

vii) Locate the horizontal plane in the molecule.
(20 marks)

Name I e
Registration No: .......oooiiiii i,

Address: e

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

.........................................................
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'PartA MCQ ANSWERS S |
1.(3) 2.(4 3.03) 4 (2) 5. (2) 6. (5) 7. (1) 8. (3) 9. (3) 10. (2)__-
1L.Q)12.0) 3.0 14 @ 15.(V16.Q) 11.@18.( 1) 20.()

PartB v
ORI <% e-a»;‘;’Ar
(i) ¥K—p+fCa
(iii) LK 2B+ 0Ar
(b) (i) (4n+2) series .

(u) X—’éa’X Z~?§Z x = -"ﬁ

(c) Act1V1ty A =N\ .

N= (1x10"5g/14gmor‘)6023x10’3moi - ',
A= 0693/t —0693/(5730x365x24x60x60)s R
A - [0.693/ (5730 x365x24% 60 X 60)3] (1 X 10”ﬁ 14y (6 023 x 10%7Y

A—155x10513q |

(d) Mass loss, Am= 226 02544 (222 01761-1—40026033)
| | '~000523u _ o
Ezmcz “ : : N N
~—000523x1661x10—27kgx(3x108ms )
""-782x10‘“‘3J | :

" Decay energy, E = 4.88 MeV |



2. (a) (i) It has planar goometry. TR
The five F nuclei are on a regu!ar'peufogou.-; L

(i)

(b} (i) Plané of two Ga nuclei and the H, and H,. =
Plane of H,,H;,H, and H, (and then two Ga nuclel)

The plane perpendicular to the plane of two Ga nuclel and the I—I2 and
H; and passing through H, and H.. '

LON N, e
\Gal | T 'Ga/ |
I-I/ \H "’/ \,Hs .

(1ii) The configuration drawn in part (ii) is equ:valent to the orlgmal
configuration.

It is a symmetry operat:on | B
(iv) The amspassmg through H2 and Hs | L

The axns perpendlcular to the p]ane of two Ga nuclex and the H and H;
Cand’ passes through the mid point of the liné j _]ommg the two Ga nuclei,
(v) The axis passing through H, and H; - or ’
The line passmg through the two Ga nuclei
(vi) Plane of two Ga nuclel and the H2 and HS
Thu plane perpendicular to the p]ane of two Ga nuclei and the H, and
and passmg through H, and I—I5 .

(vn) Plane of HI,H:,,H4 and Hﬁ (and then two Ga nuclet).

If the prmclpal axis chosen to be the lme passing through the two Ga
nuclei,

The plane perpendicular to the plane of two Ga nuclei and the H,and
Hj and passing through H, and H;. :



