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ABSTRACT. Ultraviolet spectrophotometric investigations have been carried out on the system
of durene with iodine, bromine, iodine monochloride and iodine monobromide in carbon tetrachlori-
de. The results reveal the formation of the charge transfer complexes of the type, C4H,(CHj), X,
or CeH,(CH;)4-IX (X denotes halogen atoms). The equilibrium constants were obtained in consi-
deration of that absorption maxima due to the formation of the charge transfer complexes shift
to blue with the increasing temperatures. The thermodynamic parameters, 4H, 4G and A4S for
the formation of the charge transfer complexes were calculated from these values. These results
indicate that the relative stabilities of the durene complexes at each temperature decrease in the
order, ICI>IBr>I,>Br,.

This order may be a measure of their relative acidities toward durene, which is explained in

terms of the relative polarizabilities of halogen molecules and the relative electronegativities of
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halogen atoms. These results combined with previous study of this series indicated that the relative

stabilities of the polymethylbenzene complexes with iodine increase in the order Benzene<(

Toluene< Xylene<’Durene<Mesitylene

Thus, analysis of these findings is discussed.
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Table1. Absorption maxima, equilibrium constants and extinction coefficients of durene-halogens and interha-
logens charge transfer complexes in carbon tetrachloride at several temperatures.

Temp I Br;y ICl IBr
(OC) /’lmax /]mnx 2 X, 'zmax
@ K ¢ lam K ¢ jem K& ¢ |am K e
25 332 0.613 7266 329 0.402 7047 306 4.03 8413 316 1.9 7101
40 331 0.502 7050 328 0.360 6671 305 3.09 7472 315 1.55 6765
60 330 0.404 6673 327 0.323 6254 304 2.18 7416 316 1.17 6675

K, in . mole™?
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Table 2. Molar absorptivities of halogens and interhalogens in carbon tetrachloride at several temperatures.

Temperature (°C)
Concn.
103 mole-7-1 % 40 60
J) Absor- e 2 Absor- c 2 Absor- c
max bancy (A) 0 max bancy (A) 0 max  bancy(A) 0
I 3.30 332 0.028 8.48 331 0. 025 7.58 330 0.022 6. 58
4.94 332 0. 042 8.50 331 0. 038 7.69 330 0.033 6. 61
6.18 332 0. 052 8.74 331 0. 047 7.61 330 0.041 6.60
7.42 332 0. 065 8.76 331 0. 056 7.55 330 0. 049 6.57
av. 8.62 av. 7.61 av. 6.59
Br, 3.12 329 0.015 4.81 328 0.014 4.49 327 0.014 4.49
4.68 329 0.021 4.49 328 0.021 4.49 327 0. 020 4. 27
6. 24 329 0. 029 4.65 328 0.028 4. 49 327 0. 027 4.33
7.80 329 0.036 4.62 328 0.035 4.49 327 0.035 4.49
av. 4.64 av. 4.49 av. 4.40
ICI 3.99 306 0.037 9.38 305 0.036 9.03 304 0. 035 8.77
5.32 306 0.052 9.77 305 0. 048 9.03 304 0. 047 8.83
6. 38 306 0. 061 9.59 305 0.059 9. 20 304 0. 056 8.78
7.98 306 0.077 9.65 305 0.074 9.26 304 0.071 8.89
av., 9.60 av. 9.13 av. 8.82
1Br 3.27 316 0. 030 9.17 315 0. 028 8.56 314 0.027 8.25
4.92 316 0. 045 9.15 315 0. 042 8.54 314 0.039 7.93
6.10 316 0. 056 9.18 315 0.052 8.52 314 0. 049 8.03
7.60 316 0. 069 9.08 315 0. 065 8.55 314 0.061 8.03
av. 9.15 av. 8.54 av. 8.06
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Fig.1. Plot of (B)o/A—eq(B)o versus 1/[D)g of the
durene-halogens and interhalogens CT-complex at 25°C.

Fig. 2. Plot of (B)o/A—e&o(B)o versus 1/{D]¢ of the
durene-halogens and interhalogens CT-complex at 40°C.
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Table 3. Formation of CgHz(CH3z)¢-Io in carbon tetrachloride at several temperatures.

Temperature (°C)
CeHa2(CH3)y I,
mole-771 10t mole-Z1 25 40 60
(Dlo (Blo A Blod-alBl A (Blyd-aBl] A4 (Bli-albl
at332nm 10*mole-/™ [at331nm 10*mole-/™! [at 330 nm  10*mole-{7t

0. 240 2.61 0. 246 10.7 0.197 13.4 0. 158 16.7
4.35 0.426 10. 3 0.335 13.1 0. 265 16.6

6.09 0. 569 10.8 0.473 13.0 0. 362 17.0

av. 10.6 av. 13.2 av. 16.8

0. 360 2.61 0. 326 8. 06 0. 282 9.32 0. 221 11.9
4.35 0.548 8.00 0.473 9.26 0. 357 12.3

6.09 0.765 8.01 0. 660 9.30 0.512 12.0

av. 8.02 av. 9.29 av. 12.1

0. 440 2.61 0.416 6. 30 0.336 7.81 0. 267 9.85
4.35 0.702 6.23 Q. 557 7.85 0.448 9.78

6.09 0.970 6.31 0.781 7.85 0.625 9.81

av. 6.28 av. 7.4 av. 9.81

0. 560 2.61 0. 494 5.30 0. 405 6.48 0.330 7.96
4.35 0. 817 5.35 0.678 6.44 0.547 8.00

6.09 1. 150 5.34 0.949 6.45 0. 769 7.96

av. 5.33 av. 6.46 av. 7.97

Table A. Formation of C¢H3(CHs)4-Bry in carbon tetrachloride at several temperatures.

Temperature (°C)
CeHa(CHz)4 Bry
mole-]1 10* mole- 172 25 40 60
(Dlo (Blo 4 (Blyd-eBld A Blyd-aBld A (BlyA-alB
at329nm  10* mole-/ at 328 nm  10*mole-/ at 327 nm  10* mole-/

(. 290 3.12 0.234 13.4 0.198 15.8 0.171 18.4
4.68 0.346 13.6 0. 296 15.9 0. 250 18.9

6.24 0. 451 13.9 0. 395 15.9 0.344 18.3

av. 13.6 av. 15.9 av. 18.5

0. 386 3.12 0.298 10.5 0. 264 11.9 0.212 14.8
4.68 0. 452 10.4 0.380 12.4 0.323 14.6

6.24 0. 589 10.6 0.514 12.2 0. 445 14.1

av. 10.5 av. 12.2 av. 14.5

0.483 3.12 0. 356 8.79 0. 301 10.4 0. 261 12.0
4.68 0.537 8.75 0. 466 10.1 0. 400 11.8

6.24 0.713 8.79 0.615 10.2 0. 527 11.9

av. 8.78 av. 10.2 av. 11.9

0.515 3.12 0. 381 8.21 0. 326 9.60 0. 290 10.8
4.68 0.572 8.21 0. 492 9.55 0.431 10.9

6.24 0.764 8.20 0.652 9.54 0.575 10.9

av. 8.21 av. 9.56 av. 10.9
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Table 5. Formation of CgHz(CHj3)4-ICl in carbon tetrachloride at several temperatures.

Temperature (°C)
CeH2(CHs) ICI
mole-{"1 104 mole-I7! 25 40 60
(DJa (Blo A (BjyA—«(Bl A (Bl/A—s(Bl A  (Blo/A—=u(Blg
at306nm  10*mole-I™! |at305nm  10*mole-/7! |at304nm  10*mole-I™t

0.119 0.784 0.212 3.72 0.159 4.96 0.121 6.53
1.18 0.315 3.76 0.240 4.94 0.182 6.52

1.57 0.444 3.55 0.321 4.91 0.241 6.54

av. 3.68 av, 4.94 av. 6.53

0.209 0.784 0.309 2.55 0.231 3.41 0.181 4.36
1.18 0. 464 2.55 0. 337 3.51 0.275 4.31

1.57 0.613 2.57 0.441 3.54 0. 365 4.31

av. 2.56 av. 3.49 av. 4.33

0. 298 0.784 0.352 2.23 0.283 2.78 0.225 3.50
1.18 0.531 2.23 0.420 2.82 0.337 3.51

1.57 0.730 2.16 0.571 2.75 0.447 3.52

av. 2.21 av. 2.78 av. 3.51

0.387 0.784 0.397 1.98 0.327 2.40 0.278 2.83
1.18 0.601 1.97 0. 497 2.38 0. 408 2.90

1.57 0.811 1.94 0.638 2.46 0.547 2.88

av. 1.96 av. 2.41 av. 2.87

Table 6. Formation of CgHa(CHj)4-IBr in carbon tetrachloride at several temperatures.

Temperature (°C)
CeH»(CHz)4 1Br
mole-1"1 104 mole-I! 25 40 60
(Dlo Blo A (Bly/A-aBl| A (Blo/A-aBl] A  (Bl/A—a(Bl
at316nm  10*mole-/™! |at315nm 10*mole. /™! |at314nm 10 mole-l"!
0.126 2.31 0.325 7.15 0. 256 9.09 0.196 11.9
3.47 0.490 7.13 0.381 9.18 0.302 11.6
4.62 0.657 7.08 0.512 9.10 0. 405 11.5
av. 7.12 av. 9.12 av. 11.7
0.220 2.31 0.495 4.68 0.405 5.73 0.321 7.24
3.47 0.732 4.76 0.609 5.73 0. 481 7.26
4.62 0. 987 4.70 0. 802 5.79 0.641 7.25
av. 4.71 av. 5.75 av. 7.25
0.314 2.31 0.641 3.62 0.512 4.53 0. 409 5.68
3.47 0.967 3.60 0.771 4.52 0.612 5.70
4.62 1. 280 3.62 1. 305 4.48 0.821 5.65
av. 3.61 av. 4.51 av. 5.68
0. 408 2.31 0.717 3.23 0. 597 3.88 0.503 4.61
3.47 1. 070 3.25 0. 886 3.93 0.751 4.64
4.62 1.450 3.20 1.186 3.91 1.010 4.59
av. 3.23 av. 3.91 av. 4.61
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Table 7. Thermcdynamic function for durene-halogens and interhalogens charge transfer complexes in carbon
tetrachloride at several temperatures.

Halogen — AHos,40- —4H .60 —d4dH,,

I 2.84 2.83 2.83

Bra 1.92 1.81 1.87

ICI 4.51 4.39 4.45

IBr 3.81 3.67 3.74

Temp. Iz Bl‘z ICI IBr
O —4AH UG —4S| —dH AG —AS| —4H 4G —4S| —4H 4G —4S
25 0.29 10.5 0.54 8.09 —0.83 12.1 —0.40 11.2
40 2.83 0.43 10.4| 1.87 0.64 801} 445 —0.70 120! 3.74 —0.27 11.1
60 0.60 10.3 0.75 7.86 -0.52 12.0 —0.10 11.0
av. 10.4 av. 7.99 av. 12.0 av, 11.1

4H, 4G in kecal-mole™, 4S in cal-mole™l. deg™!

Z3, AG3kel A& AL FES A XS ATk 2 RAo A B o A9} e o=rf A8 ES
LA veid, adms exel 453 0 29E Bo R o obde AES d4uc
o] AEL blue shift 3tz =29 dAHEE= 3 AR dBEs goxd4] Bre o493}
8tk = 24 Aole] YA E g2=rt g9z W Fxrl o Al aF%E Yz
vE aohe RS o AT AEL FAFE Q] AR Aoz Arudh odw @pe
% g =z olEd HAE Choi® Fo oId3t 4 Ao BE YA A7 SA4EE Qe
ul9} o] Lewis acid(&24) %} Lewis base(F HgA A ok A weld 94 9
) Aol A4548e Ve glemz Fill 0 A BE 4ARY Ay S48 o 2] H
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3te] o]2] 8k #-E-2 nonbonded structure ¢ da-
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2o AWA AT dative structure o] 7]
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Table 8. Equilibrium constant (25°C) and thermodynaniic function for polymethylbenzene-iodine CT-complexes

in carbon tetrachloride.

Polymethyl- zmnx exX 10_3 Kc —A4H AG%- —A525°
benzene (nm) ({-mole~! cm) (I-mole™1) (kcal-mole™1) (kcal-mole™?) |(cal-mole ‘deg™)
Benzene® 203 16. 2 0.151 1.50 1.12 8.79
Toluene? 302 16.4 0.165 1.72 1.07 9. 06
p-Xylene? 305 8.52 0. 316 2.37 0.68 10.2
Mesitylene® 333 8.56 0. 808 3.21 0.13 11.2
Durene? 332 7.27 0.613 2.83 0.29 10.5
“Ref. 11, ‘Ref. 12, <Ref. 13, “present study
Z71aly (Fig. 4 Z2) 4H, 4S8 % 4GS ke = WA ze F96 w"ds) st 8059 AES
Zastz Ao olHld AFAE WAHY r-elee-  FAFE 9 FFEEF Bots dHA Ao i
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Fig. 5. Plot of —4G versus —A4H for the polyme-
thylbenzene-iodine complexes at 25°C. Donors: 1.
benzene, 2. toluene, 3. p-xylene, 4. mesitylene, 5.
durene,
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Fig. 6. Plot of —A4S versus —4H for the polyme-
thylbenzene-iodine complexes at 25°C. Donors: 1.
benzene, 2. toluene, 3. p-xylene, 4. mesitylene, 5.
durene.
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