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16.12 Reactions of Aldehydes and Ketones with a Peroxyaci

i i i i
C T+ C — C + C
R™ H CF;” ™S00~ R~ SOH CF;” ™SO~
N : " Aldehydes are oxidized to
aldehyde i carboxylic acids by a peroxyacid.
Ketones are oxidized to
Il | I I esters by a peroxyacid.
s C ~ * /C ~ o C ~ * TN
R R CF3 00~ R OR CF3 O
ketone ester

If the two alkyl substituents attached to the carbonyl group of the ketone are different, then
on what side of the carbonyl carbon is the oxygen inserted? For example, does the oxidation of
cyclohexyl methyl ketone form methyl cyclohexanecarboxylate or cyclohexyl acetate?

i i i i
¢ CF3C00~ C C
Oyt T Oy e Ot
cyclohexyl methyl methyl cyclohexyl
ketone cyclohexanecarboxylate acetate
To answer this question, we need to look at the mechanism of the reaction.
MECHANISM FOR THE BAEYER-VILLIGER OXIDATION
_O: 0 107 0 0
L('% CF gob’“ == R cl) R’ g CF go‘
+ T = R-C— — +
R/{\R’ 3/ ( | A RO~ R’ 3
L - Q,/—O(IT’CF3
(2 weak 0—0 bond) O
unstable

intermediate

= The nucleophilic oxygen of the peroxyacid adds to the carbonyl carbon and forms an unstable
tetrahedral intermediate with a weak O — O bond.

= As the 7 bond re-forms and the weak O—O bond breaks heterolytically, one of the alkyl
groups migrates to an oxygen. This migration is similar to the 1,2-shifts that occur when
carbocations rearrange (Section 6.7).

Studies of the migration tendencies of different groups have established the following order: LEARN THE STRATEGY
relative migration tendencies

[ most Iikiels;l -

{ least | @y)
\to migrate

H > zer-alkyl > sec-alkyl ~ phenyl > primary alkyl > methy ~to migrate

Therefore, the product of the Baeyer—Villiger oxidation of cyclohexyl methyl ketone is cyclohexyl
acetate because a secondary alkyl group (the cyclohexyl group) is more likely to migrate than
a methyl group. Aldehydes are always oxidized to carboxylic acids, because H has the greatest
tendency to migrate.

PROBLEM 47 ¢ USE THE STRATEGY

What is the product of each of the following reactions?
i T 9

o}
I

I
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1. Introduction

This review discusses salient features of interfacial
electron transfer reactions in colloidal semiconductor
solutions and thin films and their application for
solar light energy conversion and photocatalytic
water purification.! This research is interdisciplinary
and is situated at the limit between colloid science,
electrochemistry, and semiconductor physics. Sev-
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eral intriguing features arise from the symbiosis of
these areas of research. Colloidal science teaches us
how to prepare very small semiconductor particles
and how to stabilize these aggregates with respect
to coagulation. Furthermore, it provides useful
information on the surface thermodynamics of the
colloid, e.g. electrostatic potential, acid base proper-
ties of surface hydroxyl groups, specific adsorption,
electrolytic double layer properties, electrophoretic
properties, etc. The electronic properties of the
particles, on the other hand, relate to their solid state
physics aspects, i.e. band structures and band gap,
charge carrier mobilities and lifetimes, as well as the
electrochemical positioning of the band edge potential
with respect to the Nernst potential of the solution.
Of particular importance are further quantum effects
which arise when the size of the semiconductor
particles becomes smaller than the Bohr radius of the
first exciton state. Numerous important properties
of the semiconductor, such as its optical absorption
and luminescence emission, undergo drastic changes
in this size domain.

A newly emerging research front which has given
great impetus to the studies on colloidal semiconduc-
tors is that of heterogeneous photocatalysis. The size
of the colloidal particles is generally small enough
to render their solutions optically transparent allow-
ing for convenient analysis of the elementary steps
involved in the catalytic process. The use of time-
resolved techniques such as laser photolysis will be
described to derive the rate constant for electron—
hole recombination within the TiO; particles and
within nanocrystalline TiO, films of very high inter-
nal surface area. This technique has allowed the
identification of the factors that govern the dynamics
of interfacial electron and hole transfer reactions.
Thus, the photocatalytic destruction of carbonaceous
environmental pollutants in aqueous solutions com-
prises oxidation of the organic compound by valence
band holes and this is coupled to the reduction of
oxygen by conduction band electrons. Since the latter
process occurs at a slow rate, it is often rate deter-
mining.? Therefore, to increase the efficiency of the
TiO; photocatalysts, means have to be found to
increase the rate of oxygen reduction. Judicious
surface modification of the TiO,, e.g. by chelating
groups, was found to lead to a drastic acceleration of
this important conduction band process.® Recent and
very active research relates to the anchoring of
charge transfer dyes to wide band gap semiconduct-
ing colloids rendering them sensitive to visible light.*
Heterogeneous catalysts are frequently deposited
onto the surface of the semiconductor to enhance
multielectron transfer reactions such as the oxidation
and reduction of water and this has received a great
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(A)
ky » d[B)/dt > 0 indicates [B] = 0; thus, k, >> k;

(B)

‘CH
d[ gt 3] = ka[CH3CHO] - kb[' CH3][CH3CH0] + kc[CH;;CO ] —_ de[, CH3]2 =0

H .
% = ky [ CH3][CH;CHO] — k.[CH;CO -] =0
[ CHs] = (zkk“d)l/z [CHyCHO]'/2
d[CH,] kg y 3/
ar ko) P2ICHSCHOT Y

ka

1
/
TR

3
‘&@::E DR ik F ¥ die = ky(




14.95% Cr, 61.47% Ni, 23.54% Fe

total :  0.05177*50.00—5.49*0.06311= 2.242mmol

Fe+Ni:  0.05168*36.28 =1.875mmol

Ni: 0.05168*25.87 =1.33696mmol

- 1:33696*58.69/1000

0.6382

£, . (1.875-1.337)*55.847 /1000
0.6382

oy - (2:242-1.875)*51.996/1000
0.6382

*5*100% =61.47%

*5*100% = 23.54%

*5*100% =14.95%
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%”T - X T @\—?TL g * Fe N heT ol
a CuSCN (s) + b KIO3 (aq)+ ¢ HCI (aq) <= d CuSO4(aq) + e KCI (ag) + f HCN (aqg) + g
ICI (aq) + h H,O (1)

(A) #RHITG B 200 >a~hhiEfiss P2 (8 4)

(B) CuSCN (s) # - fape =R &+ » #FFZREF Y > S & st~ F 5 @2
B #)

(C) #WF RN FhAaF? » mELF 3723 4)

(mlm¢+é’|m$w@pm?a»)

AL R4z p gICl(ag)FE 5 g ICI (aq)

A%

w4

FE WG > I

OEREE U
(@-1) %4 ICl (aq)i* ¥

i iF CENHL ala=1l/1a *%%i;“é«;%’CLéE?NLL&J;; f +
Q) /f#£1/1-%g*7 52 0> & ICI(aq)iF % » p* > f; & 2 T 7o

(a-2) ## ICl (aq) it ¥

a CuSCN (s) + b KIO3 (aq)+ ¢ HCI (aq) <= d CuSO4(aq) + e KCI (ag) + f HCN (aqg) + g
ICI (ag) + h H,0 (1)

T @;gg » S FR N e

4 CuSCN (s) + 7 KIO3z (aq) + 14 HCI (ag) «— 4 CuSOq (aq) + 7 KCI (aq) + 4 HCN (aq) +
7 ICl (ag) + 5 H20 (1)

(B) 14w £ patiten~ % 5 S o N
(C) &4 CuSO4s(aq) ~ 44 ICl(aq)

(D)ICI A3 ¢ » | ehf it i 3 +1




