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Abstracts. The stability constants of the charge-transfer complexes formed between three

o
P

derivatives of nitrobenzene, i.e., 1.3.5-trinitrobenzene, m-dinitrobenzene, nitrobenzene and eleven
organic molecules such as a-picoline, pyridine, dimethylsulfoxide, NN’-dimethylacetamide,
tetrahydrofurane, 1.4-dioxane, diethyl ether, acetonitrile, propylene oxide, epichlorohydrine, and
methyl acetate, have been determined by ultraviolet absorption spectroscopy in carbon tetrachloride
solution at 25.0°C. The parameters of the electrostatic effect (Ep) and covalent effect (Cp) for the
eleven organic compounds have been calculated from the modified equation of the double-scale
enthalpy, log K=E,Cs+EpCp and also the shift of C=0 vibrational frequency in infrared spectra
for NN’-dimethylacetamide have been measured from the solutions of above organic compounds.

The empirical equation, Avc=0=37.4—5.47Ep+12.1Cp, related to the parameters and the
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frequency shift has been derived. It seems that the stabilities of the complexes principally depend

on the covalent effect. Especially it is found that = orbitals in molecules,

in addition to the

parameters, play the important role in forming the charge-transfer complexes.
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Fig. 1. The absorption spectra of charge-transfer
complexes formed between some organic molecules
and derivatives of nitrobenzene in carbon tetra-
chloride at 25°C.

a) 1.3.5-TNB (2.56X107* M) Epichlorohydrin
(0. 495M)

a’) 1.3.5.-TNB (2.56%x107®* M) Epichlorohydrin
(2. 48M)

b} m-DNB (2.89x107%M) Epichlorohydrine (1. 24M)

b’} m-DNB (2.89X1073M) Epichlorohydrine
(3.30M)

¢) NB (2.76X107°M) Acetonitrile (0. 84M)

c’) NB (2.76X107°M) Acetonitrile (3.37M)
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Table 1. Stability constants for the charge-transfer complexes formed between some organic molecules
and derivatives of nitrobenzene in carbon tetrachloride at 25.0°C.

S Accepter (ac1d)

l——,

Nitrobenzene

| 13.TNB m-DNB
R - T T o
Donor (base) | K o K K» e K & ma
a-Picoline (1)* 2.80 810 300 1.72 790 300 0.90 560 307
Pyridine (2) 1.73 720 305 1.00 700 304 0.68 770 310
DMSO (3) 9.74® 750 300 2.78@ 460 304 0.80“ 910 305
NN’-DMA (4) 2.47 1290 305 1.39 980 307 0.70 710 314
‘THEF (5) 0.60 960 290 0.34 630 305 0.23 1270 307
Diethyl ether (6) 0.36 690 290 0.14 510 305 0.08 560 304
1. 4-Dioxane (7) 0.55 510 300 0.28 710 305 0.18 590 307
Propylene oxide (8) 0.43 700 300 0.20 710 304 0.12 780 304
Acetonitrile (9) 0.95 580 300 0.58 640 304 0.50 800 305
Epichlorohydrine (10) 0.40 670 300 0.16 860 305 0.13 1370 304
Methyl acetate (11) 0.41 800 310 0.26 710 310 0.15 700 305
K: Stability constant, ¢.: Molar extinction coeflicient of complex. my: Wavelength.
(a) : From reference (4),
*: Serial No. of molecules
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“able 2. Parameters of donor molecules and contributions of the parameters to stability constants.
) o Parameter i 1.3.5-TNB ‘ m-DNB Nitrobenzene
Donor (base) — - ! - -
| Cp Ep K(obs.) Klcalc.) | K{obs.) Kfcale.) | K{obs.) K/{calc.)
a-Picoline 0. 458 0.424 2.80 2.96 1.72 1.52 0.90 1.00
Pyridine 0.282 0.618 1.73 1.86 1. 00 0.94 0.68 0.72
DMSO 1.00 1.00 9. 74@® 10.5 2.78@® 2.32 0. 80 0.91
NN’-DMA 0. 436 0. 649 2.47 2.75 1.39 1.38 0.70 0.79
THF —0.035 1. 36 0.60 0.65 0.34 0.29 0.23 0.27
Diethyl ether —0.122 2.31 0.36 0.41 0.14 0. 11 0.08 0.10
1. 4-Dioxane —0. 042 1.59 0.55 0.60 0.28 0.23 0.18 0.21
Propylene oxide —0.078 1.95 0.43 0.50 0.20 0.16 0.12 0.15
Acetonitrile 0. 061 0. 767 0.95 0.97 0. 58 0. 56 0.50 0.49
Epichlorohydrine —0. 145 1.93 0. 40 0.42 0.16 0.14 0.13 0.14
Methyl acetate —0.120 1. 60 0.41 0. 45 0 26 0.19 0.15 0.20
(@) : From reference (4)
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Fig. 6. Infra-red spectra of NN’-dimethylacetamide
in tetrahydrofurane
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Table 3. Contributions of electrostatic effect and covalent effect to vc-o solvent shifts using NN’-Dimethyl

acetamide as solute.

l ’ ’ ’ — 0 -1
Solvent fvc=oo(fc§§:;DMA O e oavateme | oo bovon TG em
i effect) effect) dv{cale.) (em™) 1 4y (obs.) (cm™Y)
a-Picoline 1642.5 37.4 —2.3 5.5 40.6 40.5
DMSO 1638.0 37. 4 —58.5 12.1 45.0 45.0
Diethyl ether 1660. 0 37. 4 —12.6 -1.5 23.3 23.0
Propylene oxide 1657.0 37.4 —10.7 —0.9 25.8 26.0
predictions*
Pyridine 1644.5 37.4 —2.9 3.6 38.1 38.5
THF 1651. 5 37.4 —17.4 —0.4 29.6 31L.5
1. 4-Dioxane 1656. 0 37. 4 —8.7 —0.5 28.2 . 27.0
Acetonitrile 1643.0 37.4 —4.7 0.9 33.6 40.0
Epichlorohydrine 1647.0 37.4 —12.1 —1.1 24.2 36.0
Methyl acetate 1655. 0 37.4 —8.8 —-1.5 27.1 28.0

* These terms are calculated from parameter in Table 2 and data of C,/, C,’ and C,'.

Table 4. Comparison between the data of equilibrium constant with 1. 3. 5-TNB, Drago-Wayland base parameter

(Cs), electron-donating power (dvo_p) and dvc—o observed.

Donor K

a-Picoline 2. 80
Pyridine 1.73
DMSO 9.74
NN’-DMA 2. 47
THF 0.60
Diethyl ether 0.36
1. 4-Dioxane 0.55
Propylene oxide 0.43
Acetonitrile 0.95
Epichlorohydrine 0.40
Methyl acetate
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Base parameter® El“"gg“;fie‘;‘(‘éti“g oeeo lcm ™)
B 1 oplm?y |
— 183 40.5
6.92 168 38.5
3.42 147 45.0
3.00 113 —
4. 69 90 31.5
3.55 78 23.0
3.82 77 27.0
— 59 26.0
1.77 49 40.0
— 45 36.0
— 39 28.0
PAEE Do dopoldlE B A4
A7y A8 et wk, DMSO, Atshdld, ZAl#
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Fig. 7. Plot of Avc—o against dvo_p in various solve-

nts.
1) «-Picoline 2) Pyridine 3) DMSO
5) THF  6) Diethyl ether 7} 1.4-Dioxane

9) Acetonitrile
11} Methyl acetate

8) Propylene oxide
10) Epichlorohydrine
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