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ABSTRACT. Charge transfer complexes of some electron donors with one electron acceptor have
been studied to investigate the maximum absorption wavelength and absorbance by UV-Vis spectrometer
in three kinds of solvents, such as ethylene chloride, methylene chloride, and chloroform, at the tempera-
ture ranges of 16~25°C. 1,2,34-tetrahydrocarbazole (THC), 2-methyl, 3-methyl, and 3-ethyl THC were
selected as electron donors while chloranil was used as an electron acceptor in this study. It is found
that these complexes forms 1:1 complexes, and their maximum absorbance and formation constants
decreases with respect to the function of the polarity of solvent and temperature. The polarity of solvents
and the temperature have been influenced on the formation constants, which were described using the
thermodynamic properties. Moreover, the electronic and steric effects of electron donors have also been
effects.
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Table 1. Absoption maxima of donors, acceptor, and their charge-transfer complexes in various solvents (Amax:

nm)
Donor Acceptor Charge-transfer complexes
Solvent
THC 2M THC 3M THC 3E THC Chloranil THC- 2M THC- 3M THC- 3E THC-
Chloranil  Chloranil Chloranil  Chloranil
CH,CH.Cl 2752 280 279 282 288 674, 530 675, 527 675, 526 674, 522
CHCl 280 280.8 279 282 300 674, 526 675, 526 676, 526 673, 525
CHCL 280 280.3 2812 283 302 676, 535 680, 530 675, 532 676, 531

2M THC: 2-methyl Tetrahydrocarbazole, 3M THC: 3-methyl Tetrahydrocarbazole, 3E THC: 3-ethyl Tetrahydrocarba-

zole.
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Fig. 1. Electronic absorption spectrg of THC-Chlora-
nil complex in various solvents at arbitary concentra-
tion.
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Table 2. Benesi-Hildebrand treatement of THC-Chloranl complex in CH,CICH,Cl at various temperature (Amax:

674 nm)
Temp (°C) No. of complex [BlyX10? (D)X 10 A 1/[D7s [Blo/AX10°
16 1 3.676 5.076 0.936 0.907 3.927
2 4,384 0.839 2.281 4.382
3 3572 0.733 2.800 5.015
4 2.858 0.633 3499 5.798
5 1.801 0.424 5.552 8.670
19 1 3.676 5.076 0.901 1.970 4.098
2 4.384 0.818 2.281 4618
3 3.572 0.721 2.800 5.259
4 2.858 0.624 3.499 6.086
5 1.801 0.407 5.552 9.236
22 1 3.676 5.076 0.841 1.970 4371
2 4.384 0.751 2.281 4.895
3 3,572 0.655 2.800 5.612
4 2.858 0.571 3499 6.438
5 1.801 0.380 5.552 9.674
25 1 3.676 5.076 0.803 1.970 4,578
2 4384 0.727 2.281 5.056
3 3.572 0.630 2.800 5.835
4 2.858 0.528 3.499 6.962
5 1.801 0.357 5.552 10.297

1/(0],

Fig. 2. Benesi-Hildebrand plots of THC-Chloranil co-
mplex in CHCICH.Cl at various temperature (Amax:
674 nm).
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Fig. 3. Plots of InK; against 1/T for THC-Chloranil
complex in various solvents. O: CH;CICH,Cl, @: CH,-
Clz, v: CHC]3
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Fig. 4. Plots of InK, against (¢—1/2¢+1) for THC-
Chloranil complex in various solvents at various tem-
perature. @: CH,CICH,Cl, A: CH,Cl, m: CHCL.

Table 3. Formation constant and molar absoptivity of THC, 2-methyl THC, 3-methyl THC, and 3-ethyl THC
with chloranil in various solvents and temperatures

Parameter K xX10? (-mol™)
Donor A B C D
Solvent
Temp (°C) b c a b c a b c a b c
16 88.0 119 132 118 126 170 111 138 174 178 225 319
19 670 109 128 108 116 159 104 122 168 170 163 301
22 620 900 109 935 983 144 962 108 160 126 149 250
25 580 800 930 788 851 132 883 102 158 119 138 223
Parameter & (-mol l-cm™)
Donor A B C D
Solvent
b b b
Temp (°C) a b c a c a c a c
16 772 720 808 596 578 601 711 529 620 506 409 800
19 873 690 826 625 568 620 838 537 619 496 491 791
22 863 704 854 582 688 635 967 68 570 587 488 786
25 865 670 902 644 783 693 1086 763 544 574 503 724

A: THC-Chloranil, B: 2-methyl THC-Chloranil, C: 3-methyl THC-Chloranil, D: 3-ethyl THC-Chloranil a: CHa-
CICH.C], b: CH;ClL, c: CHCL.

Vol. 37, No. 11, 1993



934 SRR - UEX

Table 4. Thermodynamic properties of charge transfer complexes for THC, 2-methyl THC, 3-methyl THC, and
3-ethyl THC with chloranil in various solvents at 25°C

Parameter KX 10? (-mol™") AH (kcal-mol™?)
Donor
Solvents A B C D A B C D
CH.CICH,CI] 58.0 78.8 88.3 119 =777 —5.12 —4.38 —8.66
CH,Cl, 80.0 85.1 102 138 —8.14 —9.53 —5.94 —8.98
CHCL; 93.0 132 158 223 —7.26 —4.92 —1.89 -7.13
Parameter AS (cal-mol~!-deg™}) AG (kcal-mol™h
Doror A B C D A B c D
Solvents
CH,CICH:Cl1 —-27.0 —174 —~149 —28.7 0.35 0.14 0.07 -0.10
CH;Cl, —276 —324 —20.0 —29.6 0.14 0.10 —-0.01 -0.19
CHCl; —236 —16.0 ~543 —223 —0.05 —0.16 -0.29 —0.47

A: THC-Chloranil, B: 2-methyl THC-Chloranil, C: 3-methyl THC-Chloranil, D: 3-ethyl THC-Chloranil.
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Fig. 5. Plots of —AH against —AS for THC-Chlora-
nil complex (a) and 3-ethyl THC-Chloranil (b) in va-
rious solvents.
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