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Abstract : The benzophenone derivatives(4-CH3;0-4"-NO» and 3,4"-di-NQO:) are synthesized
by the Fridel-Craft acylation and the nitration method. Electrochemical redox potentials of the
benzophenone derivatives(4~CHsO, H, 3-Cl, 3-NOs, 4-NO,, 4-CH3;0-4"-NO,, 34 ~-di-NQO2) are
measured by using cyclic voltammometry. In the relationship of summing Hammett value and

redox potential, we find a proportional constant(p ) that shows a good relation with an

electrochemical property and a reactivity of the benzophenone derivatives. The benzophenone
substituted with the electron donating groups(4-OCHs; and 4-OCHs-4"-NOgz) are higher the
energy in the LUMO level, then increasing a band-gap energy(Ey), their E;s are obtained as
a 3.94 eV and 3.59 eV, respectively.

Keyword ' Benzophenone, Redox potential, Substituent constant, pseudo-Hammett equation,
Band-gap energy
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Table 1. Benzophenone derivatives used in this experiment.
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3-chlorobenzophenone
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3-nitrobenzophenone
[3-NOs]
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4-methoxy-4"-nitrobenzophenone
[4-OCHs-4"-NOs]

3, 4"-dinitrobenzophenone
[3,4"-di-NO,]
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2.1 4-Methoxy-4'-nitrobenzophenone?|

[2E=]

100 mL &< ZFg239] 4-nitrobenzoyl
chloride 12 g (648 mmol)E %I anisole
10mLe} 7Fb % AICL 2.16g (16.2mmol) o]
B uprolA Aty o] L8 308 wyNke
& FH5 10 mLE Yol v &3 AICKLE Al
Asta 01 N FASJUYEEFFEAE HUtso]
% & EEstd 4 MgSO,
=

=

Adgdeh. o] TAHE WEgLz AR
) 092 g(FE5& 5% dch
mp. 123C; IR(KBr, em™): 3100, 1641 (Fig.
1); 'H NMR(CDCls, 6): 39(s, 3H), 6.98(d,
J=69Hz, 2H), 7.80(d, J=7.2Hz, 2H), 7.87(d,
J=7.8Hz, 2H), 8.32(d, J=7.8Hz, 2H) (Fig. 2).

2.2 3, 4'-Dinitrobenzophenone?| &4

100 ml 52 Zg2=d 3% &4 10 mL
g S 0C® yzrxz <
4-nitrobenzophenone 1.02 g (45 mmoh) & =9

0
02N~®7'c';—0| " @OCHg,

AICl,

9 ml (675 mmol)E 3|
d7hgkct, o] &S 1AZF wuksla 100 mLZE
F4E Jbehd =da uArl gA4dc) 849
aAZ 2 ARE 9 dEE AEAAE
5 y 044 g(F5F 36%)2A
th. mp 167-170C; IR(KBr, cm'); 3074,
1668 (Fig. 3); 'H NMR(CDCl,, &): 7.77 (t,
J=75Hz, 1H), 7.96 (d, J=7.2Hz, 2H), 815 (d,
J=66Hz, 1H), 840 (d, J=69Hz, 2H), 851(d,
J=8.1Hz, 1H), 8.62(s, 1H)(Fig. 4).
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NEAFE Fd vycord oz g3 4
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ol &3la HAPFAL o= Jha(WEA
14%E N 50, RAEASE 02 £/mine

1087 EejFo] &444LE AASE
. A X 2| AL  tetrabutylammonium
perchlorate(TBAP;  CisHxCINOy  M,=341.92,
Fluka)& 110C < =oA 10A3 o] A= ¥
BAE oHEYUYEHSE W2 39 01 M ¥
zo] gAoF ALEEHT HEHE fF=A &
Ao ZA7+S 03 mM FEE Axste] #F9H
HE A 3tH9H(Fig. 5).
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Fig. 1. FT-IR spectrum of
4-methoxy—-4"-nitrobenzophenone.

Fig. 2. '"H-NMR spectrum of
4-methoxy—-4"-nitrobenzophenone.
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Fig. 3. FT-IR spectrum of 3,
4’ -dinitrobenzophenone.
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Fig. 4. '{-NMR spectrum of 3,
4”~dinitrobenzophenone.

a b c
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Fig. 5. Scheme of an electrochemical
3-electrodes system; Pt-wire auxiliary

electrode(a), Pt-disk working
electrode(b), and AglAg" reference
electrode(c).
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Fig. 6. Cyclic voltammograms of 0.3 mM
4-methoxybenzophenone(a),
benzophenone(b), and
3-chlorobenzophenone(c) in acetonitrile
containing 0.1 M TBAP as supporting
electrolyte. The cathodic scan rate
was 100 mV/sec.
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E(V) versus Ag|Ag’
Fig. 7. The detail figure of Fig. 6.
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Fig. 8 The relationship between sum of
Hammett substituent constants and
electrochemical redox potential of
substituted benzophenone.
-- & - Cathodic peak potentiat
-1.354 -- B - Anodic peak potential
‘o -1.304 AL
2
o -1.25- A
© N
Z -1.20{ 4-OCH_4-NO,
" 4-NO -
-1.15 2
3,4-NO,
T T T T T T
04 06 08 10 12 14 16
Zo
Fig. 9. The relationship between sum of

Hammett substituent constants and

electrochemical redox potential of
4-nitro substituted benzophenone
derivatives.
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Fig. 10. Cyclic voltammograms of 0.3 mM

nitrobenzene(a),

4~nitrobenzophenone(b),

3-nitrobenzophenone(c), and

3,4’ —dinitrobenzophenone(d) in

acetonitrile containing 0.1 M TBAP

as supporting electrolyte. The

cathodic scan rate was 100 mV/sec.
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Fig. 11. Cyclic voltammograms of 0.3 mM
4-nitrobenzophenone(a),
3-nitrobenzophenone(h),
4-nitro-4’ -methoxybenzophenone(c),
and 3,4'-dinitrobenzophenone(d) in
acetonitrile containing 0.1 M TBAP
as supporting electrolyte. The
cathodic scan rate was 100 mV/sec.
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Fig. 12. The UV-absorption spectrum of
4-methoxybenzophenone(a) and
4-nitro-4’ ~methoxybenzophenone(b)
in acetonitrile containing 0.1 M
TBAP as supporting electrolyte.

A =34 (lowest unoccupied molecular orbital; AL LUMOY oy &97F Eolzicte AS
LUMO)el AA7E AR ez sxs o & 9lon LUMOY #9471 wolAle AHL
F doem, AAHAT S9 FoR ol FI= w2k U9 o] AAE AL g} o
Table 2. The substituent constants and redox potentials
Substituent Peak Potentials(V vs. AglAg")
Benzophenone tant
derivatives CO(HZS: a)n Lst 2nd srd
0 Red Ox Red Ox Red
4-0OCH; -0.27 -2.29 -2.20
4-H 0 ~-2.20 -2.11
3-Cl 0.37 -2.06 -1.98
3-NO: 0.71 -1.43 -1.35 -2.17 -2.30
4-NO; 0.78 -1.30 -1.22 -1.70 -1.59
4-0OCH3-4"-NO; 0.51% ~-1.32 -1.24 -1.70
3,4"-di-NO; 1.49° -1.25 -1.17 -1.47 -1.38 -1.87

2051 = 0.78(4-NOs) - 0.27(4-OCHs)
P 149 = 0.71(3-NO2) + 0.78(4-NOy)
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