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ABSTRACT. Ultraviolet spectrophotometric investigation have heen carried out on the systems
of pentamethylbenzene and hexamethylbenzene with iodine and iodine monochloride in carbon
tetrachloride. The results reveal the formation of the one to one molecular complexes. The equili-
brium constants were obtained in consideration of that absorption maxima due to the formation of
the charge transfer complexes shift to blue with the increasing temperature. Thermodynamic
parameters for the formation of the charge transfer complexes were calculated from these values.
These results indicate that the complex formed between polymethylbenzene and iodine monochloride
is more stable than that in the case of iodine. This may be a measure of their relative acidities
toward polymethylbenzene, which is explained in terms of the relative electronegativities of halogen
atoms. These results combined with previous studies of this series indicated that Am,. shift to red
with the increasing number of methyl groups on benzene ring and that the relative stabilities
of these complexes increase in the order, Benzene< Toluene< Xylene< Durene< Mesitylene<
Pentamethylbenzene < hexamethylbenzene. The reason for the order found is thus additionally
discussed.

* The Thermodynamics of the Formation of Polymethylbenzene-Iodine and Iodine monochloride Charge Transfer
Complexes in Carbon Tetrachloride.
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Table 1. Absorption maxima, equilibrium constants and extinction coefficients of pentamethylbenzene and haxa-
methylbenzene-iodine and iodine monochloride charge transfer complexes in carbon tetrachloride at several

temperatures.
: Pentamethylbenzene Hexamethylbenzene
Temp. | | I ICl I  (a
°Cy 2 - . 2
oy Koo damy Koo |gmy Koooe amy Koo
25 338 0.875 8411 322 6.58 7469 375 1.38 7697 334 13.7 5503
40 357 0.692 7945 321 4.86 6424 374 1.01 7148 333 9.31 4957
60 356 0. 565 7151 320 3.19 5828 373 0.80 6225 332 5.33 4933
K, in I-mole~!, ¢ in I mole-lem1
Ygso=gast THAL A e Fred L R QTG AL™A kg uhs ol
AR SA e gt dAAelEnA 11 ¥ 25 Aes ANz, HETA
S} A4z e wgo s 243 Aol g 3y 44 K Frddd iy A5
§99) TEt AIERA 0.2~0.7mole 9} FAL ee o} ol £ He Aoz )
71, FapelEivdAl 0.09~0.3mole-i7), 29T AEk ok,
o Lgd 2oz 107 mole- 2 W2 A}
27 5l (Blo . 1 L +
o FARI A—5(Ble  G—enK, Dl ' -

FH3xe AL UV spectrophotometer (Uni-
cam SP 17503 ¢} #| 22 vpll7l 23 10mm A
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Table 2. Molar absorptivities of todine and iodine monochloride in carbon tetrachloride at several temperatures.

Iodine, Temperature(°C)
iodine | 7% o5 10 60
ONO— 10'3rl:ale-
dloride | | fem o flo g | e fber g | A fee
I 4.3¢ | 358 0.036 8.13 | 357 0.035 8.06 | 356 0.033 7.60
5.55 | 358 0.046 8.31 | 357 0.045 8.08 | 356 0.043 7.75
! 6.41 | 358 0.053 8.27 | 357 0.052 8.11 | 356 0. 050 7.80
7.26 | 358 0.062 8.54 | 357 0.061 8.40 | 356 0.059 8.13
av. 8.31 av. 8.16 av. 7.82
4.34 | 375 0.022 5.07 | 374 0. 021 4.84 | 373 0. 020 4.61
5.55 | 375 0.029 521 | 374 0.028 5.06 | 373 0.027 4.86
6.41 | 375 0.033 5.15 | 374 0.032 4.99 | 373 0.031 4.84
7.26 | 375 0. 039 537 | 374 0.038 5.23 | 373 0.037 5.10
av. 5.20 av. 5.03 av. 4.85
IC 4.57 | 322 0. 068 14.9 | 321 0. 064 14.0 | 320 0. 061 13.3
5.73 | 302 0.086 15.0 | 321 0.082 14.3 | 320 0.079 13.8
6.60 | 322 0.100 14.9 | 321 0. 096 14.3 | 320 0.091 13.6
[ 7.64 | 322 0.116 15.2 | 321 0.112 14.7 | 320 0.107 14.0
i av. 15.0 av. 14.3 av. 13.7
| 4.57 | 334 0.037 8.10 | 333 0.033 7.22 | 332 0. 031 6.78
‘ 573 | 33¢ 0048 833 | 333 0043  7.50 | 332 0.033  6.63
| 669 | 334 0.055 8.21 | 333 0. 050 7.47 | 332 0.046 6.87
| 764 | 334 0. 064 8.38 | 333 0.058 7.5 | 332 0.053 6.94
\ av. 8.27 av. 7.45 av. 6.81
B AFolA rge we} g} ol 5 A gl g o) AsE: Fadted log K, o

of B3 FFHRY shift~7} vehytel, uwhet
A aee] A4 oot FRER FE K ote &
A e Rt

2 479 AFE oo Kzl 33 v 2R
Heljelul A g o= Ao HE QA o
T Y Za B 26°CollAl 0.88% 0.94%| %
2, A A 3-_:*_"0“-*1':" 1.35% 1.52%,
1.485 1.479, seloleduiAlsl Qdie e :oﬂ
AL 6.43%] 5, WA R 8 AR Qa0
oA 22.74 13.2%|c}h. £ dFE Andrews
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Table 3. Thermodynamic functions for the pentamethylbenzene and hexamethylbenzene—iodine and iodine mo-
nochloride charge transfer complexes in carbon tetrachloride at several temperatures.

Donor Acceptor — AH s, 40- —dHy0.60 —4H,,.
Pentamethylbenzene I, 3.41 3.2¢ 3.33
ICl 5.99 5.44 5.52
Hexamethylbenzene P 4.51 3.81 4.16
IC1 5.72 5.89 5.81
Pentamethylbenzene Hexamethylbenzene
Temp.
I IC1 I
©C) 2 2 IC1
—dH AG-10* —-4S| —4H 4G-10 =48 | —4H  4G-10 —-45 | —4H 4G — 48
25 7.9 11.4 —-I11.2 14.8 —191 13.3 —-1.55 14.3
40 3.33 22.9 11.4| 552 -9.83 14.5] 4.16 —6.19 13.3| 581 —1.39 14.1
60 38.7 11.1 —7.68 14.3 148 12.9 -1.11 14.1
av. 11.3 av. 14.5 av. 13.2 av. 14.2
4H, 4G in kcal-male !, 4S5 in cal-mole-tdeg-!.
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Fig.1. Plot of [Blo/[A—g[Bly) versus 1/[D]p of the
pentamethylbenzene-iodine CT-complex at several
temperatures.
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Fig. 2, Plot of [Blo/{A—eo[Blo} versus 1/{DJo of
hexamethylbenzene-iodine CT-complex at several
temperatures.
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Table 4. Equilibrium constants and thermodynamic functions of polymethylbenzene-iodine CT-complexes in carbon
tetrachloride at 25°C.

Polymethyl- D eX10-% K, —4H AGase M

benzene (nm) ({-mole~lem=1)  (I-mole-)) (kcal-molel) (kcal-mole™l) (cal-mole-ldeg-?)
Benzene® 293 16.2 0.151 1.50 1.12 8.79
Toluenes 302 16. 4 0. 165 1.72 1.07 9.06
o-Xylene? 315 11.7 0.270 1.98 0.78 9.24
m-Xylene? 317 8.87 0. 304 2.11 0.71 9.46
p-Xylene? 305 8.52 0. 316 2.37 0.68 10.2
Mesitylenes 333 856 0. 808 3.21 0.13 11.2
Durene? 332 7.27 0.613 2.83 0.29 10.5
Petamethylbenzene: 358 8.41 0. 875 3.33 0.0791 11.3
Hexamethylbenzenet 375 7.70 1.38 4.16 —0.191 13.2

2Ref. 9, ref.30, ‘ref.11, 4ref.12. *The present study.
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Fig. 4. Plot of 4G versus 4H for the polymethyl-
benzene-iodine CT-complexes at 25°C. Donors : 1.
benzene. 2. toluene, 3. o-xylene, 4. m-xylene,
5. p-xylene, 6. mesitylene 7. durene, 8. pentame-
thylbenzene, 9. hexamethylbenzene.
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Fig.5. Plot of 4S5 versus A4H for the polymethyl-
benzene-iodine CT-complexes at 25°C. Donors :
1. benzene, 2. toluene, 3. o-xylene. 4. m—xylene,
5. p-xylene, 6. mesitylene, 7. durene, 8. pentame-
thylbenzene, 9. hexamethylbenzene.

hal

o A oY ABEAE A2 + 9ee @
A At 53 479 glol 4ol whel 459)
gol FAd zha-sh= ol edl, o &9 9% 3
¥ Zi’?"d—'?-'é Aol Ag Zxrt Frtsk
2 JEEL FYALE 55 AL W
E]- W gleh, Tabie 49 dojgz HE Zolq
dHiA- 2= Aol FEAAe AFE 45 7k
<+ 979 5o Sl wet gaste A
of AFE &7 Ranm, ZE Aol Qoiq 4H
S T4S9) e EF A 24l A 4G 9] =
7o cha: 4EFE WAz e, WA=z 9 A
o gl Ao Zvte] whZ 4G 9] W3 electron
donor ¥ F98 z-AA =] A3 = A
Ao g AR Faet Q4@

REFERENCES

1. H. A, Benesi and J. H. Hildebrand, J. Awmer.
Chem. Soc., T1, 2703 (1949).

Journal of the Korean Chemical Society



SRo gAY Al REels 3P4l B¢ A% 4F @A) 281
(1981).

. L. J. Andrews and R. M. Keefer, ibid., 74,
4500 (1952).

3. R. M. Keefer and L. J. Andrews, #id., 77,
2164 (1955).

. L. J. Andrews and R. M. Keefer, “Molecular Com-
plex in Organic Chemistry,” P.78, Holden-Day,
London, 1964.

. N. J. Rose and R, S. Drago, J. Amer. Chem.

Soc., 81, 6138 (1959).

N. Ogimachi, L. J. Andrews and R. M. Keefer,

ibid., 77, 4202 (1955).

. R M. Keefer and 1. J. Andrews,
4677 (1950).

. 8. U. Choi, 8. J. Chang and S. J. Kwon, J.
Korean Chem. Soc., 9, 153 (1965).

. O. C. Kwun, Bull. Korean Chem.
(1980}.

. 0. €. Kwun and J. B. Kyong, J. Korean Chem.
Soc., 25, 1 (1981).

. 0. C. Kwun and J. R. Kim,

ibid., 72,

Sec., 1, 62

ibid., 25, 5

Voi. 26, No.5, 1982

12,

13.

14

15.

16.

17.

18.
19.

20.

21,

0. C. Kwun, J. B. Kyong and J. S. Kim,
ibid., 25, 351 (1981).

M. Tamres, D. R. Virzi and S. Searles, ibid.,
75, 4385 (1953).

0. C. Kwun and H. Hartmann, Zeit. Physik.
Chem. N.F., 100, 139 (1976).

A. H. Ewald, Trans Faraday Soc., 64,
(1968).

A, H. Ewald and J. A. Scudder,
Chem., 76, 249 (1972).

0. C. Kwun and H. Lentz, Zeiz. Phisik. Chem.
N.F., 96, 177 (1975).

J. Ham, J. Amer. Chem. Soc., 76, 3881 (1954).
0. C. Kwun, J. Korean Chem. Soc., 22, 245
1978).

753

J, Phys.

R. S. Mulliken, J. Amer. Chem. Soc., 72, 600
(1950).
R. 8. Mulliken, J. Phys. Chem., 56, 801
{1952).



