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ABSTRACT. The trends of forming a charge transfer complex have been studied for electron
donors such as anisole, 4-chloroanisole, 2,4-dichloroanisole, 2-fluoro- 4-chloroanisole, 2-bromo-~4~
chloroanisole, 2-todo-4-chloroanisole, 2-fluoro—4, 6-dichloroanisole, 2, 4. 6-trichloroanisole, 2-bromo—
4, 6-dichloro anisole, 2-iodo~ 4, 6~dichloroanisole, and 2-iodo- 4,5, 5-trichloroanisole, znd electron
acceptors such as iodine and iodine monochloride in the carbon tetrachloride or the hexane solvent
system. It was found that the formation of a charge transfer complex was influenced by the Van
der Waals Radii of the 2-halogen atoms on the benzene ring and further the overall steric moiety
of the molecule of the electron donor. These trends were also experienced in a system of chloroform
and one of the prementioned electron donor by means of a nuclear magnetic resonance spectrometry.
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The spectrophotometrical data on the formation of the charge transfer complex were presented and

the results were discussed with views of the steric structure of the 2-halogen atom on the benzene

ring.
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Tablel. The formation of a charge transfer complex between P olyhalogen substituted anisole derivatives and
jodine in CCly solvent.

Type of compound Anay (nm) *K e, X 1P ;‘;egléci%’g ﬁfn}‘?l:; Remarks
/= 320 12.20 5.89 20.7
HLCO—_» 340 14. 70 5.16 984
co—L N 320 5. 28 2.63 20.6
H \_/“‘Cl 340 5.51 2.98 16.3
F
H3CO—/\<=>—CI 320 3.57 4.51 8.3
cl
\=
ch&~< >—r:1 326 4.18 9.35 4.5
Br
H:.,co—i:)/\,—m 326 6.60 3.79 L7
I
H300—2=>—C1 342 24.00 4.35 52.0
F
\:
H3CO—< >~—Cl 320 2.40 3.79 6.3
cl
cl
\‘__
Hscov—f>{ >~—CI 318 1.94 3.49 0.6
cl
Br
H3C0—2=‘>—CI 320 -— —_— — 5D is almost ne-
ya gligible
cl
1
\=
H3CO—< >—c1 340 9.14 5.35 17.4
cl
1
H3CO—<i>—Cl 520 none - -
/
¢l
*Extinction coefficient of the complex, **Equilibrium constant of the formation of the complex at. 20°C;
***K-€==—(—A%%W 0D=D—(A%e,— (B%¢,  where (4% and (B% denote the molar concentration of ele-

ctron acceptor and donor, D optical density, and e, and ¢, the extinction coefficient of the acceptor and donor,

(3) FRZZE 2EE2 NMR 23HA 222 ¥A¥ 1:1 (mole/mole) EFEE
Anisole (% halogen A& ol AP EH F Adspga 4 WA ¢Ee TMSE 282
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Table 2. The formation of charge transfer complex between polyhalogen substituted anisole derivatives and
iodine in hexane solvent.

Type of compound Awsx (nm) Ko, x 102 eétgé"{]&lf * (5;‘:1‘1{52** Remarks
e 320 15.40 4.54 34.0
HCO— 340 19. 30 3.07 8.6
= 320 7.73 3,49 22.7
H“CO‘<\::’/\_CI 344 7.32 3.22 24.1
F
Hsco—<i>—cs 320 4.9 1.88 24.9
cl
H3c0—<i>—01 326 5.08 2.08 2.4
Br
\_
Haoo—<:>—01 3% 8.21 1.59 18.0
I
\=
H300~<__>—Cl 340 30. 60 4.51 67.8
F
Hsoo—/\’i}—ct 320 3.71 1.59 23.3
cl |
ct
-
HyCo~{_ »—Cl - - - - Insoluble in the
Cl/ solvent
Br
N_
Hﬁow<->_Cl — — ; — — Insoluble in the
/ ; solvent
cl
I
cho—z_:_},—a 340 8.33 17.90 46.6
/
cl
H CO_I?_ 5 340 none - -
3 N A .
320
o

*Extinction coefficient of the complex; **Equilibrium constant of the formation of the complex at 20°C;
*¥¥see Table 1.

2 Aol = NMR spectrum$ H3igvh, EZE =20 Astz of 3¢ 322 39 T EF
Z9] 22 2% 59 proton signal& zA}stm o] 229 chloroform proton?] dr 3k A A%},
T 3 Aot S22 2E09 proton?) T S AFE Table5¢) 29459 st
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Table3. The formation of a charge transfer complex between polyhalogen substituted anisole derirstives and
iodine monochloride in CCly solvent.

Type of compound Awee (nm) | Kee, X1026%% mﬁ'lengino’e* K (I/mole)y¥* Remarke
HCO—d S 320 11.90 (9. 20) (1. 30)
L0 7 340 11.50 (6.70) (1.70)
e 322 569 | 9.59 0.71
HLO—(_ —¢ 340 474 7.33 0.75
F
\:—
Hco—{_ -l 320 4.95 3.53 1.6
cl
SN
H, 00— —Cl 326 3.75 3.32 116
Br !
\
Hi0—{_ y-Cl 324 8.64 8.6 0.95
1
N
AN - a
HCO—(_y—Cl 340 2.59 17.00 1.93
F ?
N !
HgCO—< ///—Cl - - - - Form a precipitate.
CI/ - | wlen two rea-
i .gents were mixed,
C!\ | |
—{ S- . 2. : ;
HCO—{_ -l 322 2.27 8 Lo
/ . ! :
al | | ;
Br i ;
N | -. |
H300—/ 2 —Cl 320 ? i
N_. | | i
/ f | 5
Cl ! ! _r
! ? | 5
= | :
Hco—_ ! 838 27 | 4.02 069
% ;
Cl !
s : :
mcog_- 320 none - — amier?
-’- (CTI;R 340 iI

*Extinction coefficient of the complex;

*¢#g0e Table 1.

A % B9

Table 1~40}

el FA ofhg mE

4~chl-

).g "é _!;.]

oroanisole®} £.9 =,
2 82] 29 A%
~340nm dgeA A F+
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**Equilibrium cornstant of the formation of the complex ar 20°C;

wi A5 29Z Aboled
--,LE‘—r. 77}, 300.
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Table 4. The formation of a charge transfer complex between polyhalogen substituted anisole derivatives and

iodine monochloride in hexane solvent.

Type of compound Amay, (nm) Ke, x 102*%* € ({/ !nois, K (I/mole)** ; Remarks
cm) 10?2
/=N 320 ! 26. 30 9.24 2. 83
HCO-_/ i 30 18 50 6.67 2.68
H3CO—<:>—CI - - - —
F
N f i
HgCO——<=>—-CI 320 3.41 3.53 0.96
cl |
S I f
HiC0—( >l 326 3.64 ! 9,02 0.43 |
Br :
: !
H300—<=>—Cl 3% 1.12 (8.96) ©0.13)
I Q
N ! [
H,co—¢ 3—Cl 340 20.80 1.8 1.17
N_7 | i
F i |
\= : ,
Hzco—g >—Cl 302 0.98 2.02 0.23 -
o ?
Ci
H;CO—%E /—Cl - — : — — Insoluble in the
/T i solvent
Cl ! i
I - !
> |
HCO—_ p—Cl - — ! - _
/
I
I
_ !
HC0—_ p—Cl 340 875 | 8.55 1.01
- ]
|
!
I —
Haooaw-_(:] gig none | - — n=1 or 2
(W) !

¥Extinction coefficient of the complex; **Equilibrium constznt of the formation of the complex at 20°C;

**¥30e Table 1.

9l 2} 2,4-dihalogeno == 2,4, 6-trihalogeno-
anisole ¥EASfAE 320amelA A F
BEe 3y FU & E 340nm o] Aol N & FFo]
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HAQ A Fo L ot 2-iodo FEA S A&
320 nm FHNA = FHZ7F YAA 3 340
oA 7R & FBEE B9 F49% o F
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Table5. The chemical shift of proton signal on the NMR spectrum of the mixture* of chloroform and anisole
dertvatives in carbon tetrachloride solvent (TMS standard. §0Mcps, JEOL).

7 Value of the proton

Shift of ¢ value of the

proton signal of CHCly** Remarks

Type of anisoles LI CHCl; in the mixture*
\\\:> 3.58 Ppm
/TN
 )—OCH, 3.88

TN
C1—_ »—OCHs 3.68
CI—<_ f}-@cm 2.83
.
F
CI—<\j>—OCH3 2.78
AN
cl
/___
Cl—_ y—OCH 2.80
AN
Br
Ci—\/\:}—ocm 2.83
I
F
=~
Cl—¢_p—0CH, 2.80
N
1
cl
/
a—/\<_> —OCHs 2.77(3.28)
\\
cl
I
a1 _ —0CH; 2.87
AN
a

0. 78 ppm
1.08
0.88

0. 03

0.02

0.03

. A small signal was
. appeared at r=3.28

!
j
'

0.07

*The 1: 1 mixture(mole/mole) of chloroform and aniscle derivatives; **Proton signal of CHCly is at =2, 80.
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st3 K3hg ofb&d AE% At Table1~4
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gen, 2,4,6-trihalogen FEHEA= =8 3
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Fig. 1. Formation constant of a complex vs. Van der
“Walls Raii of 2-substituted halogen atom in the sys-

tem of iodine and halogencompound in CCl; solvent.
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Fig. 2. Formation constant of a complex zs. Van
der Waals Raddii of 2-substituted halogen atom in a
system of Iodine and halogen compound in hexane
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Fig. 3. Formation comstant »s, Van der Waals Radii
of 2-substituted halogen atom in a system of iodine

monochloride and haolgen compound in CCly solvent.
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N

X
o S
.
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Hel & 32 2R Van der Waals 7 &
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A& Kgrg =AY A Fig, 1~4 248 v
€ 24t o) EAE A3 £ 94 FE A
HY4F KE 2-AF 24 94 Van der
Waals Radii®] o wl=iste F4-& vehiia gl
3 o] A4 L AFdste oA YHF FHe 2-
g2 e F ohlE =e4-82A ok
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Fig. 4. Formation constant of a complex vs. Van
der Waals Radii of 2-substituted halogen atom in a
system of lodine monochloride and halogen compound.
in hexane solvent.

* 0= »—OCH; (X=F, Cl, Br and D),

N
X
** anisole,

Table 5. Van der Waals Radii of halogen atom.

Halogen atom Van der Waals Radii A

F 1.4
Cl 1.8 °
Br 2.0
1 2.2

et A 24 FHore Fdo 2] gleo
22 o #H AL o|4H (BRERA o=
48 % A 2R okl E kA Yo
A oRE JAAE AR A 202 =
= 43 2257 WAlne] ZASE AFd
A A AR JAA Pl & g Ades A
HE 7Hd Fe vk S Fdo Rz v
ojgrn WA gaal Aele] AstelF FES
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Fig. 6. The model of the charge transfer complex
formed between benzene and Jodine. ¢
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