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ABSTRACT. Ultraviolet spectrophotometric investigations have been carried out on the systems

of mesitylene with iodine, bromine, iodine monochloride and iodine monobromide in carbon tetra-
chloride. The results reveal the formation of the charge transfer complexes of the type, CgH,-
(CH3)3- X, or CgH3(CHy) 3 IX (X denotes halogen atoms). The equilibrium constants were obtained
in consideration of that absorption maxima due to the formation of the charge transfer complexes
shift to blue with the increasing temperatures. Thermodynamic parameters, 4H, 4G and 4S5 for
the formation of the charge transfer complexes were calculated from these values. These results
indicate that the relative stabilities of the mesitylene complexes at each temperature decrease in
the order, ICI>IBr>1,>Br,:

This order may be a measure of their relative acidities toward mesitylene, which is explained in
terms of the relative polarizabilities of halogen molecules and the relative electronegativities of
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
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Benzene < Toluene < Xylene < Mesitylene

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

Iz Bra ICl IBr
ng?:lj' i 2 2 .
ax max max lmnx
(nm) K' £ (nm) K: £ (nm) K‘ & (Tlm) K; &
25 333 0.808 8503 326 0.313 9434 307 4.19 7407 322 2.05 9101
40 332 0.666 7899 325 0.263 9259 306 315 6452 321 1.59 8342
60 331 0.561 6944 324 0.229 8772 305 2.10 5847 320 1.13 8273

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

Temperature (°C)
Halogen Coacn. 25 40 60
10°mole-7-1
Aes bAabsor— & Do Absor—~ &% Ao Abosr- &
ncy(4) bancy{4) bancy (4)

I 3.30 333 0.031 9.39 332 0.028 8.48 331 0.025 7.58
4.94 333 0. 045 911 332 0.042 8.50 331 0.038 7-69

6.18 333 (. 056 9.06 332 0. 054 B.74 331 0. 047 7.61

7.42 333 0. 068 9.16 332 0. 065 8.76 331 0. 056 7.55

av. 9.18 av. 862 av. 7.61

Bry 3.12 326 0- 015 4.68 325 0. 015 4.68 324 0.013 4.29
4.68 326 0.022 4.70 325 0. 022 4.70 324 0.021 4.50

6.24 326 0. 026 4.11 325 0.026 4.11 324 0. 026 4.11

7.80 326 0.035 4.51 325 0. 035 4,51 324 0.035 4.51

av. 4,50 av. 4.50 av. 4.35

1Cl 3.99 307 0. 043 10.7 306 0. 037 9.38 305 0. 036 9.03
5.32 307 0. 055 10.3 306 0. 052 9.77 305 0. 048 5.03

6.38 307 0. 064 10.0 306 0.061 9.59 305 0. 059 9.20

7.98 307 0. 081 10.1 306 0.077 9.65 365 0.074 9.26

av. 10.3 av. 9.60 av. 9.13

1Br 3.27 322 0.032 9.79 321 0. 630 9.17 320 0.028 8.56
4.92 322 0. 049 9.96 321 0. 045 9.15 320 0. 042 8.54

6.10 322 0. 060 9.84 321 0. 056 9.18 320 0.052 8.52

7.60 322 0.075 9.87 321 0. 069 5. 08 320 0. 065 8.55

av. 9.87 av. 9.15 av. 8.54

Table 3. Formation of C¢Ha{CHj)3-I; in carbon tetrachloride at several temperatures.

Termperature (°C)
Cets(CHa)s |
mole-I-1 104 mole-J71 25 40 60
(D)o (Blo A Y 4 Y 4 Y
333nm  10%mole-I"! 332nm__ 10*mole-7"1 331 nm__ 10*mole-/7}
0. 245 2.06 (. 289 7.17 0.230 9.02 0.175 11. 88
2.88 0. 425 6.83 0.342 8.49 0.243 11.98
371 0. 523 7.13 0. 400 9.34 0. 315 11.88
av. 7.04 2av. 895 av. 11.91
0. 359 2.06 0. 377 5.49 0- 300 6. 90 0. 240 8.64
2.88 0. 555 5.23 0. 450 6. 44 0. 335 8.67
RAYH 0. 681 5.47 0. 540 6. 90 0. 451 8.27
av. 5.40 av. 6.75 av. 8.53
0.453 2.06 0. 480 4.31 (.385 5.37 0.281 7.37
2.88 0. 690 4. 20 0. 547 5.29 0.405 7.16
37 0. 830 4.48 0. 663 5.62 0.515 7.24
av. 4.33 av. 5.43 av. 7.26
0.518 2.086 0. 520 3.98 0. 420 4.92 0.327 6.33
2.88 0.763 3.80 0. 620 4.67 0. 458 6.32
371 0.926 4.02 0. 748 4.98 0. 595 6. 26
av. 3.93 av. 4.86 av. 6.30
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Tabled. Formation of CgHa(CHgz)g Brz in carbon tetrachloride at several temperatures.

(+]
CHy (CHO)s By Temperature (°C)
mole-{71 104 mole-{71 25 40 60
(D)o (Blo A Y 4 g A Y
326 om___1(* mole-J~! 325nm  10* mole-2"1 324nm _ 10* mole-i7!
0. 338 3.12 0. 280 11.2 0. 240 13.1 0.202 15.6
5.46 0. 495 11.1 0.422 13.0 0. 355 15.5
7.02 0.625 11.3 0. 542 13.0 0. 458 15.4
av. 11.2 av. 13.0 ay. 15.5
0.432 3.12 0. 351 8.92 0. 285 11.0 0. 240 13.1
5.46 0.8631 8.69 0. 495 11.1 0. 398 13.8
7.02 0.838 8.41 0. 638 11. 1 0. 534 13.2
ay. 867 av. 11.1 av. 13.4
0.533 3.12 0. 400 7.83 0. 357 8.77 0. 301 10.4
5. 46 0.775 7.07 0.634 8.65 0. 528 10.4
7.02 0.970 7.26 0. 855 8.24 0.705 10.0
l av. 7.39 av. 8.55 av. 10.3
0. 648 ! 3.12 0. 496 6.31 0. 425 7.37 0. 357 8.77
! 5.46 0.850 6.44 0.718 7.63 0.633 8.66
f 7.02 1.102 6.39 0. 995 7.08 0. 818 8.62
av. 6.38 av. 7.36 av. 8.68

Table 5. Formation of CsHz(CHy)3-ICl in carbon tetrachloride at several temperatures.

Temperature (°C)
CeHa(CHa)s IC1
mole-I7? 10%mole- {1 25 40 60
(Do (Blo a Y A Y A Y
307nm  I0*mole-Z71| 306nm  10*mole-i1 305nm 104 mole-{?

0.120 0. 479 0.113 4.25 0. 087 5.53 0. 055 8.79
1.197 0. 300 4.00 0. 209 5.76 0.142 8.50

1. 596 0. 395 4.06 0.273 5.88 0.195 8.25

av. 4.10 av. 5.72 av. 8.51

0. 230 0. 479 0.215 2.23 0. 145 3.31 0.095 5.07
1.197 0.445 2.70 0.329 3.65 0. 240 5.01

1. 5% 0. 600 2.67 0.453 3.53 0. 320 5.01

av. 2.53 . av. 3.50 av. 5.03

0. 450 0.479 0. 240 2.00 0. 190 2.53 0. 122 3.94
1.197 0. 510 2.35 0. 431 2.79 0. 305 3.9

1. 596 0.743 2.15 0.620 2.58 0. 41¢ 3.91

av. 2.17 av. 2.63 av. 3.93

0.619 0.479 0. 265 1.82 0.215 2.23 0.171 2.81
1.197 0. 588 2.04 0.438 2.74 0. 424 2.83

1. 596 0. 860 1.86 0. 658 2.43 0.583 2.75

av. 1.92 av. 2.47 av. 2.80
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Table 6. Formation of CeHa(CHj)3-IBr in carbon tetrachloride at several temperatures.
Temperature (°C)
Cel3(CH) IBr
mole-1-1 10* mole- 171 % \ 40 ] 60
(Do (Blo A Y A Y A Y
322nm  10* mole-J"1 ‘ 321nm  10*mole-I71 \ 320nm 104 mole-I71
0.173 0.983 0. 234 4.22 0.177 5.58 0.134 7.38
1. 639 0. 385 4.27 0. 294 5. 60 0.219 7.53
2.229 0.531 4.21 0. 400 5.60 0.307 7.31
av. 4.23 av. 559 av. 7.41
0.288 0. 983 0.332 2.97 0.264 3.74 0.210 4.70
1. 639 0. 580 2.83 0. 440 3.7 0. 331 4.97
2,229 0. 796 2.80 0.615 3.64 0. 466 4. 80
av. 2.88 av. 3.71 av. 4.82
0.446 0.983 0. 415 2.38 0.327 3.02 0. 280 3.52
1.639 0.720 2.28 0. 545 3.02 0. 457 3.60
2.229 1. 000 2.23 0. 740 3.02 0. 595 3.76
av. 2.30 av. 3.02 av. 3.63
0- 540 0.983 0. 463 2.13 (- 386 2.55 0.303 3.25
1.639 0.765 2.15 0. 644 2.55 0.518 3.17
2.229 1. 047 2.13 0.876 2.55 0. 698 3.20
av. 2.14 av. 2.55 av. 3.21
L
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Fig,1. Plot of [Blo/{A-e0(B)o} versus 1/[D)o of
the mesitylene-iodine CT-complex at several tempera-
tures.
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toluene, 3. o-xylene, 4. m-xylene, 5. p-xylene, 6.
mesitylene.
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Table7. Thermodynamic function for the mesitylene-halogens and interhalogens charge transfer complexes in

carbon ftetrachloride at several temperatures.

Halogen ~ 4Hos, 400G —AH ¢0ec —dHav

I 3-29 3.12 3.21

Bry 2. 40 1.99 2.20

IiCl 5.23 5.17 5.20

IBr 4.21 4.30 4.26

[ I Brs Il IB:

Temp. (°C) |

ll —dH AG —48| —4H AG —48| —4dH 4G —~4AS| —4H 4G 48
25 0.13 11.2 0.69 9. 70 -0.85 14.6 —(.43 12. 9
40 3.21 0.25 1.1 220 0.83 9.68 | 5.20 —0.71 14.3 | 4.26 —0.29 12.7
60 0.38 10.8 0.98 9.55 —0.49 14.1 —0.08 12.6

4H, 4G in kcal-mole™!, 4S in cal-molet-deg™2

Table 8. Equilibrium constants (25°C) and thermodynamic functions for polymethylbenzene-iodine complexes in

carbon tetrachloride,

Polymethyl- Amax eX1073 K. —4H AGosec —AS25¢
zene {nm) {{-mole™- em™)| (/-mloe™?) | (kcal-mole™1) | (kcal-mole™t) | (cal-mole™], deg™1)
Benzene® 293 16.2 0.151 1.50 1.12 8.79
Toluene® 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 2.1 0.71 9.46
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

“ Ref. 11, ‘ref. 17, © present study.

¥ dFelA A AeS Kol 23, 4,
4G9 el A& AL Fe A=A ave
e A '

AR 2 0= A BEAlY AEPY

fo rlo

2957 nFg o @A 2L Y4V
& & gl oldg BAL Choi* 5ol oA FH

wlol o] Lewis AH{ZEA) 3} Lewis Q7] (1 4)
daAdAely Fxdge vz glenz v
Aol dfg Jeidel ddxes gorst B
Frvk 2ohed 1A% Aeleh
Mulliken® 9 ¢} 2)3}ed o]2]3 FE-& non-
bonded structure 8} dative structure 2}¢)2] ¥
ol o3t} A v}, wehA g} 3
2 Aole] B4HE FE4 494 A=
dative structure o] @) A Al 7o 54| 2|5t
3 g A Hr o)zle JEALAY AAF

$8e A, z¥zE goxs uERY
E W & #AIFEd 98y dative structure of
A 7l 2t f =

g PlAgEe daANRe FEAT HEE
Ao G FEE AT E AL E AT
Y A=Y < ed o] AL additional
resonance structure - 3o T Puig 4
7t Rt

Z, gA 7 8% positive end 7} 9 A]
daid e r-AAe} FEFEs ded vy
2A LA 28 A3 F8olde

ol AAdA L ddteoE=s} 4uE
seecuc gt o F HEE Y
A e QuEstesrdd uoe o
d3a oz FHFtzt W AE}E ey
= 97 Wgel Aoz AzdAd ol W

Journal of the Korean Chemical Society



Eeoj gl A g2 Aol AR FRE B4 B 492 AT (H2m) 83

< A LEAAY A7 A= B}
| 4dA 29 4 g+

2z dAdals g0, vE ddsle
2= 3 duEiaostold FHHE FF9
AT A&} FL A2 9.

CeH3(CHag) 5+ ICI>> CoHs) o+ IBr>
C6Ha (CH) 3) 3° I 2> CsHa (CH 3) 3° Bl‘z

22z olv] Mg WA, EFQN, 208175}

2.2 Aolo] FEYA - BR Y+ L o
A sevjE & 2 AFEIALA-208 FF)
Asst E¢etd Table8el A}, o) 5
A ZAE d3te 2AHE 2l Zaldggdu
o gelA HYFF 4 49 F FeaE 7} Wiy
17t F7h el wek Ko ghe FobEkw (Fig.
5 %2) 4H, A4S R 4G9 g& FHadrh o]
2g e QAR 7 AR 249 WY
71 93 ¥ 20 =EA Aolg] F3As o o
vrebgded,

O
12+ ©
1Or

P
(=]
€ -gf
8 4 /05
E o]
g -6 30
-4k
02
21
_2-/
5 20 25 30 35
-4H, kcal-mole™!

Fig.6. Polt of —d4G versus —4H for the polyme.
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Fig. 7. Plot of —A4S versus —4H for the polyme-
thylbenzene-iodine complexes at 25°C, Donors: 1.
benzene, 2. toluene, 3. o-xylene, 4. m-xylene, 5.
p—xylene, 6. mesitylene.
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