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For a tetragonal unit cell with a Laue symmetry of 4/mmm, answer Questions 1-3.
1. Select the appropriate point group:

(A) Dgp

(B) Dyq

(C) Cqy

(D) Capn

2.  What are the correct cell conditions:
(A) a#b#c, a=y=90#p
(B) a#b#c;, a=p=y=90°
(C) a=b#c, a=p=y=90°
(D) a=b=c a=y=090"#p

3.  What is the number of Lattice point:

(A) 4 (l-centered)
(B) 2 (F-centered)
(C) 4 (Primitive)

(D) 2 (l-centered)

4. The IR stretching frequency of CO gas (vgo) is 2341 cm™!. The IR stretching frequency of
R1RC=0 is around 1600 cm~1. What would be the appropriate IR stretching frequency expected
for W(NH3)3(CO)3, where the metal to CO charge transfer is established.

(A) 2500 cm™
(B) 1950 cm™!
(C) 1450 cm™"
(D) 2300 cm™?

5. Select the highest C-O stretching frequency:
(A) Ni(CO)3(PH3)
(B) Ni(CO)3(PF3)
(C) Ni(CO)3(PCl3)
(D) Ni(CO)3(PMes)

6. For I = ionization energy, A = electron affinity, = absolute hardness, #x = electronegativity,
Erome = HOMO energy and £, ymo = LUMO energy, select the incorrect expressions:

A+T
A) y= — =
(A) x >

(B) Enwomo=-1T

© 7 =4
(D) Ewmo=-A

7. A2.00 x 104 M solution of Fe(S;CNEty); (Et = CoH5) in CHCI3 at 25 °C has absorption bands at
350 nm (absorbance, A = 2.34) and 514 nm (A = 0.532). What are the molar absorptivity (&) for
this compound at each wavelength. :

(A) 11,700 and 2,660 L mol-Tecm™1
(B) 23,400 and 5,320 L mol-em-1
(C) 46,800 and 10,640 L mol-1em™"
(D) 5,850 and 1,330 L moi-em™?
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For the d*-d” electron configurations of the metals with an octahedral ligand field select the
correct order of degree of Jahn-Teller effect.
(A) low spin d > high spin ¢*
(B) low spin d® < high spin ¢®
(C) low spin &® > high spin d®
(D) low spin d” > high spin d”

The correct order of bond angles for the hydrides of Group 15 (VA) element are:
(A) NH3 > PH3 >ASH3 > and SbH3
(B) NHj3 < PHj3 <AsHj3 < and SbHj
(C) NH3 > PH3 > AsHj < and SbHj
(D) NHz > PHg < AsHg > and SbHj

The correct order of bond distances of homonulcear diatomic molecules and ions is:
(A) B2>Cy>Ny>05

(B) Hy2>Hy™ > Hy > Hy*

(C) F2>02>N;>Cp

(D) 022>0,71>0,>0,*

How many possible isomers are there for [Co(dien),]** without considering ring conformations?
(dien = diethylenetriamine)

(A) 2
(B) 3
(C) 4
(D) 5

The metallocene complexes MCp; (M =V, Cr, Mn, Fe, Co, Ni; Cp~ = cyclopetadienyl, CgHs5™, a
very strong field ligand) are known to adopt an octahedral geometry with a very slight distortion
on the d; orbitals. Which of the following metallocene is diamagnetic?

(A) NiCp,
(B) CoCpp*
(C) MnCp;
(D) CrCpy

What are the possible values for all four quantum numbers for a 4f electron?

(A n=4,l=4,m,=u4,ml=_%

(B) "=4:l=3.ml='3,m[=+%

(C) n=4,l=3,ml=+4.m[=+%
(D) n=4,I=4,m;=+3,m(=-%

. The following diagrams show the radial probability functions of 2s, 2p, 3s, 3p, and 3d orbitals.

Assign the appropriate orbital to each of the diagram.

22

™

ol ning
Probability a013R2
Dy is i
ohibisk e
Probubility a,2R?
[=IE N ISR S N
Probability 4, R*
(SRR I N P N

Probability

0 5 1015202530 0 5 101520253 0 5 1015202530 0 5 101520253 0 5 10152025 30
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(A) 3d, 3p, 3s, 2p, and 2s
(B) 3d,2p, 2s, 3p, and 3s
(C) 2s, 2p, 3s, 3p, and 3d
(D) 3s, 3p, 3d, 2s, and 2p
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Assign the appropriate point group to the following compound.
(A) C4 . /N -
(B) Dyqy L.
(C) Dan \ ol
(D) Cyy L
N
NN N
N \
N H
N

Based on the concept of VSEPR, select the one from each pair with the larger bond angle:
(l) CH4 and NH3 (ll) OF2 and OC|2 (iii) NH3 and NF3

(A) (i) NHj (i) OF (iii) NHg

(B) (i) CHy (i) OCl, (iii) NF3

(C) (i) CH4 (i) OCly (iii) NH3

(D) (i) NH3 (i) OF 5 (iii} NF3

Select the reasonable electron-dot structures for each of the following compounds.

(A) N=N-O: S e o .
® N-K=G B SRR el
(©) :N:N:c:).. N—NEO :N*_"*N:(i): :N:N:(:)::
(D) :N=N=0:

Which of the following is correct?

(i) Cx2=8542 (i) Sp=i (i) S4y=0c (iv) C4qx =S4
(v) Caoy(xz) =0y (yz) xh

(A (i), (i), (iv)

(B) (i), (iii), (v)

(C) (i), (iii), (v)

(D) (), (i) (iv)

For NH3, (CH3)2NH, (CH3)3P and (CH3),S. Give the order of decreasing basicity toward BEt;.

(A) (CHa)aNH > NH3 > (CH3)2S > (CH3)3P
(B) NHj3 > (CH3)oNH > (CH3),S > (CH3)3P
(C) (CH3)2S > (CH3)3P > NH3 > (CHg)2NH
(D) (CHg3)3P > (CH3)28 > (CH3)oNH > NH3

The step-wise addition of pyridine (py, 2 eq.), NH3 (1 eq.) and Br™ (1 eq.) to the starting
compound [PtCl4]2" gave the following product. Predict the trans effect of the ligand being added.

A >Br > CI"> NH
EB; :‘ >CI"> NH ; Bre.,., wNH3
3> py Pt
sl ~
(C) CI > Br > py > NH3 Py c

)
(D) NH3>py>Br >CI

X8R
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TERMLE, By #8504

1. Suggest a reagents (or a series of reagents) that can be used to accomplish the following
transformation. (2 pts each, 12 pts)

HO OH

'Q ](a) o )?\/\)LOH
7 |

© e)
ﬁg’/ %;\Vlg

CIACI

!b

MeO Br

2. Give the expected major product of the following reactions. (2 pts each, 14 pts)
CF,

NaNH,, NH

1. DIBAL-H
2 [-on LDBALH,
2. Hy0

(3) @_«O P20Os
NH

2

1.Ag,0, H,0.
COH —— 225
Y )0 p e

NO;

(5) @ HsS, NH3
NO,
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(6) 1.0,
T —— e e
2. HOAc

o)

) é/ mCPBA

3. Propose a mechanism for the following reactions. (5 pts each, 10 pts)

\)CJ)\ 1. PBr, Br,
) oy —————~

2. H,0 OH
. Br

1. NaNg

L NH
©—<0 3. H,0 2

4. Propose a synthetic scheme for each of the following compounds from the readily available
starting materials. (3 pts each, 9 pts)

(1) \; AP— Ph\Z/MB
Me
@ I8 — —
MeQ OMe
OHC . 0
{(3) Q I —_——, 0]
3 ond A %

5. Deduce the structure of the compound that gives the following 'H and '*C spectra.
'"H NMR (CDCL): 8 6.5 (t, 1H), 3.0 (t, 2H), 2.2 (1, 2H), 1.9 (s, 3H).
'*C NMR (CDCly): 8 207 (C), 145 (CH), 139 (C), 37 (CHa), 25 (CHy), 16 (CH3).
The mass spectrum of this compound shows the molecular ion at m/z 96. (5 pts)



