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1.

Section A: Key Reactions in Organic Chemistry (CH485)

Answer ALL THREE parts (a) — ().

(@)

(b)

(©)

(i)  Forall THREE of the following pairs of isomeric radical structures, indicate
which radical within each pair is more reactive and give reasons for your
choice.

Qg

YT

1C 1D
. .
H;C—0 H,C—OH
1E 1F

[2,2,2]

(i)  For each of the radicals 1A-1F, identify the type of orbital (s, p, sp®, sp?, sp,
1) containing the unpaired electron.

[6]
Propose a mechanism for the formation of product 1H in the reaction below.
Include all the mechanistic (curly) arrows needed to represent the reaction.
MeCN
E| /@ BuzSnH, AIBN (jij\ Me N:N)<Me
: e
0 A 0] OH Me
1G 1H AIBN
[4]

In the conversion of 1J to 1K below, two cyclisation steps are encountered. Use
appropriate transition state diagrams to classify both reaction steps according to
Baldwin’s rules terminology.

S)

(0]
0 Br solvent o
+ Br
0O A (0]

1J 1K

[2x2]
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2. Answer ALL FOUR parts (a) — (d).

(@)

(b)

Draw the structure of the major product in the following Diels-Alder reaction. With
the help of drawings of the relevant orbitals, predict the regiochemistry of the
reaction and its stereochemistry.

OMe

||\ A Product

CO,Me Diels-Alder reaction

[1,2,4]

Indicate whether each of the following reactions is a cycloaddition, an electrocyclic
reaction or a sigmatropic reaction.

> () —— O
o —— (X
Go— O

[4]

Question 2 continues on page 5
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Question 2 continued...

(c) Ineach of the THREE cases below, show the curly arrows involved in the
reactions, and classify the order of the sigmatropic reactions according to the [i,j]

convention.
|:><z| sigmatropic reaction %
e e
Me
Me\b ) . ) Me Me
sigmatropic reaction \@/

Me Me Me

®
Me Me
sigmatropic reaction Me

(d) Take ONE of the reactions in part (c) and use the aromatic transition state
approach to establish whether it is thermally allowed.

[3x2]

[3]
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Section B. Chemistry in the Excited State (CH703)

3. Answer BOTH parts (a) and (b).

(@ (i) Name FOUR of the fundamental processes that occur during photocatalytic
water splitting.

[4]
(i)  How do the fundamental processes for photovoltaic cells differ?
[2]

(b) The dyes Nile Red (3A) and BODIPY (3B) have the following optical properties in
chloroform solution:

e
LLﬂIO 9

[¢)
Nile Red (3A) BODIPY (3B)
1.0 4 Nile Red (3A) - Data 1.0 1 BODIPY (3B) Data
) '.‘ Aabs = 552 nm ) Aabs = 502 nm
> 08 4 —Absorption \ Aem = 636 nm > 05 4 —Absorption Ao = 510 nm
& - ---Emission \ ®=040 5 ---Emission ! =097
£ \ 7=280ns £ ! 1=7.20ns
£ 06 A \ £ 06 A H
k4 4 ° i
@ \ @ i
£ 04 \ £ 04 4 :
[} \ ° 1
E £ A
2 0.2 . 202 A i \
i
1
S ] ~
0.0 T T T f T Y T == 0.0 - =
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Wavelength /nm Wavelength /nm

(i)  Define the term Stokes shift and calculate the Stokes shift for Nile Red in
energy units.
[3]
(i)  Calculate the radiative and non-radiative rates for Nile Red in chloroform.
Show your working.
[4]
(iii)  Nile Red shows positive emission solvatochromism. Define the term

emission solvatochromism and explain its origin. Sketch how the emission

spectrum of Nile Red may change in cyclohexane and methanol solutions
relative to that in chloroform solution.

[3]
(iv) Nile Red and BODIPY can act as a FRET pair. Explain what is meant by

FRET and give the requirements for FRET to occur. Identify the roles of the
two dyes in this process.

[4]
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4.

Answer BOTH parts (a) and (b).

(@)

(b)

Consider the data below about a series of photocatalysts 4A—4D.

Photocatalyst | Valence Band | Conduction Band
E/V vs NHE E/V vs NHE
4A 0.8 2.1
4B 1.40 -0.6
4C 2.58 0.05
4D 2.2 -1.05

(i)  Draw an energy diagram for 4A—4D that includes water oxidation and proton
reduction potentials at pH 0.

[3]

(ii)  Which of the photocatalysts 4A-4D can facilitate water splitting and which
cannot? Explain your reasoning for each photocatalyst.

[8]

Sketch a labelled Jablonski diagram for an organic dye showing SIX distinct
photophysical processes. For each process, indicate a typical timescale range and
whether it is radiative or non-radiative.

[9]

END OF PAPER
JAM, RE, SS
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