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Interactions were studied of aniline, 4-methoxyaniline and 4-ethoxyaniline with tetra- 
chloromethane, chloroform and dichloromethane in their ground and first excited singlet states. 
Stability constants of the complexes of these amines with the chloromethanes in cyclohexane were 
determined as well as their quantum yields of fluorescence in this solvent. The quenching of 
fluorescence of aniline and its derivatives by the chloromethanes was ascertained and charac­
terized. Quantum yields of the formation of hydrogen chloride, </9Hci, were measured during
photochemically induced reaction of the amines in 
chloromethane.

Introduction

Chloromethanes (tetrachloromethane, chloroform  
and dichloromethane), owing to their specific phys­
ico-chemical properties, have found widespread use 
in organic chemistry and spectroscopy as well as in 
photochemistry. Owing to their high electron affinity 
they cannot be considered as inert solvents. For in­
stance, solutions of aromatic amines in these solvents 
exhibit photochemical activity. As yet, photochem i­
cal transformations of tertiary aromatic amines in 
CC14, CHCI3 and CH2C12 have been most extensively 
studied [1—6]. There are no reports, however, on the 
photochemistry of aniline and its derivatives in these 
solvents. Spectrochemical studies of N,N-dim ethyl- 
aniline (DM A) and other tertiary aromatic amines in 
chloromethane solvents revealed electron-donor-ac- 
ceptor interactions to have taken place in the ground 
state [1 ,7]. The complexation occurring in these sys­
tems was detected on the basis of the shapes of the 
fluorescence quenching curves of D M A  [1]. The pre­
ponderance of the mechanism involving electron 
transfer from the amine molecule to that of 
chloromethane was subsequently confirmed by iden­
tification of products of the primary photoreaction 
which included a radical cation of the amine, a radi­
cal of the chloromethane and the chloride ion 
[8—13]. Both the variable composition of the poly- 
chloromethyl radical and the extreme instability of 
the radical cation of the amine give rise to a variety
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tetrachlorom ethane, chloroform and di-

of reaction pathways in each of the systems studied, 
as evidenced by a great number of photoproducts of 
D M A  and other tertiary aromatic amines found in 
these solvents [1—6].

W e found that the aniline solutions in these sol­
vents were also photochemically active. On this basis 
an attempt was made to evaluate the nature of in­
teractions of aniline and its derivatives with 
chloromethanes in solution. The higher ionization 
potential of aniline (7.70 eV) [14] as compared to 
that o f DM A (7.10 eV) [14] is indicative of poorer 
electron-donor capability this amine which is likely 
to manifest itself in much weaker CT interactions in 
the systems considered.

Land and Porter [15], who used the flash photoly­
sis technique, detected the aniline radical (C6H 5NH) 
among the primary products of the photolysis of 
aniline. The primary process of photolysis of aniline 
in aqueous solution was also studied by Zechner and 
co-workers [16]. They also were able to detected the 
aniline radical in weakly alkaline solutions. Both re­
ports suggest the formation of the radical rather than 
the radical cation during the photochemical reaction 
of aniline.

Experimental

Aniline (analytical-reagent grade; POCh, 
G liw ice), 4-methoxyaniline (Fluka A G ) and 4-ethoxy- 
aniline (BD H  Chemicals Ltd) were purified by re­
peated distillation over zinc dust under reduced 
pressure. Tetrachloromethane, chloroform and di­
chloromethane were purified as described elsewhere 
[z, 3j. 1 he absorption speciia auu measurements of 
the fluorescence quenching were taken on a Specord
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M-40 spectrophotometer equipped with an attach­
ment. The luminescence spectra were measured on a 
modular spectrofluorimeter according to Jasny [17]. 
The quantum yield, (p, was measured with 2-amino- 
pyridine as a standard (cp =  0.74) [18]. Stability con­
stants of the complexes were determined by a mod­
ified Benesi-Hildebrand method [19] and by that of 
Rose and Drago [20]. Quantum yield of the forma­
tion of hydrogen chloride was measured as previously 
described [1 ,2 ], using a Hatchard and Parker actino- 
meter [21] for measuring radiation intensity.

Results and Discussion

Fig. 1 shows a portion of the U V  spectrum of 
aniline in cyclohexane at various concentrations of 
tetrachloromethane.

Fig. 1. Absorption spectra of aniline in cyclohexane taken 
at various CC14 concentration (in % vol.): 1 — 0% CC14; 
2 -1 0 %  CC14; 3 -2 0 %  CC14; 4 -3 0 %  CC14; 5 -4 0 %  CC14; 
6 -5 0 %  CC14.

There is distinct change in the shape of the spectrum 
with increasing CC14 concentration. The spacing be­
tween the absorption bands (39,000—36,000 cm-1) 
fills up in a similar way as for N,N-dimethylaniline
[1], thus suggesting the appearance of new absorbing 
species, aniline-CCl4 complexes. Similar, though 
not so clear changes were observed in the U V  spectra

of aniline upon raising CHC13 concentrations, and 
still minor with those of CH2C12. Analogous spectral 
patterns were obtained for 4-methoxyaniline and 
4-ethoxyaniline in cyclohexane solutions with the 
chloromethanes.

Table I lists stability constants of the complexes of 
the primary aromatic amines with chloromethanes 
calculated from the modified Benesi-H ildebrand  
equation [19]. Appropriate concentration range of 
the chloromethanes during determination of the sta­
bility constants was chosen on the basis of the criteria 
suggested by Person [22], Negative values of the sta­
bility constants were obtained for systems involving a 
primary aromatic amine and CH2C12. Similar results 
were obtained by employing the Rose —Drago 
method [20].

The higher stability constant values of 4-methoxy- 
aniline and 4-ethoxyaniline as compared to those of 
aniline are obviously due to enhanced electron densi­
ty within the benzene ring of the amine (positive 
mesomeric effect of the methoxyl and ethoxyl 
groups).

The results of Table I show that neither the Be- 
nesi—Hildebrand equation nor the Rose —Drago 
method give satisfactory results for stability con­
stants of weak complexes. Even though the stability 
constant is positive, the probability that it is actual 
one, is unfortunately low.

For such cases Carter and co-authors [23] suggest 
the following equation for the complex formation:

ASn + DSm ±5 (AD)Sp + qS (1)

where n, m and p are the numbers of the solvent 
m olecules associated with A , D and A D  respectively, 
and n -I- m — p =  q. Considering these relationships 
they obtained two equations:

Kp K

^ B H  — £ ti

_  q(m + l)
true s0

'v ' ^true
K^7

(2)

where KBH is the stability constant obtained from the 
B enesi-H ildebrand  equation, Ktrue is that calculated 
from eq. (1) and SG is the solvent concentration in

Amine CC14 
15 °C 25 °C

CHCU
15 °C 25 °C

Aniline ,014± .004 ~ 0 ~ 0 negative
4-Methoxyaniline ,092±.013 .085 ±.006 .089 ±.023 .081±.014
4-Ethoxyaniline ,074± .019 .070± .021 .066± .013 ,059±.013

Table I. Stability constants of the com­
plexes of aniline and its para-substituted 
derivatives with CC14 and CHC13.
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the absence of donor. According to Carter et al., the 
term q (m + l)/S 0 is the order 1—3 dm ’ m ol-1 and the 
error due to it for weak complexes (K =  1) is ca. 
100% or more. Further, for weak complexes 
q(m + l)/S 0 = Ktrue or q (m + l)  >  Ktrue to give KBH =  0 
or negative. Emslie and co-workers [24] present an 
opposite opinion postulating that if KBH is dependent 
on the solvent used, the f BH shouldn't. Abnormal 
Kbh values are due to deviations from the Beer’s law 
for the complex being formed. However, the devia­
tions would have been quite large to justify the zero 
or negative KBH values. Again, Orgel and Mulliken
[25] argue that the zero values of the Benesi —Hil­
debrand constant can be interpreted in terms of the 
so-called contact charge-transfer between the donor 
and the acceptor molecules. W hetsel and Lady [26] 
determined stability constants of the aniline-CHCl3 
complex (K = 0.51) from the IR spectra. By com ­
parison with appropriate constant for the benzene- 
CHC13 complex, they concluded that aniline formed 
rather a C —H ---N  hydrogen bonding with CHC13 
than with n  electrons of the aromatic ring. Des- 
phande and Pandya [27] determined stability con­
stant of the aniline-CCl4 complex by the micro- 
calorimetric method to obtain a values of the order 
of 1—2 dm ’ mol"1. As it is seen, numerical values of 
the stability constants strongly depend on the 
method of their determination. However, all of them  
reveal interactions of aniline with chloromethanes in 
the ground state.

Quantum yields of the fluorescence of aniline, 
4-methoxyaniline and 4-ethoxyaniline in cyclohexane 
are 0.13, 0.10 and 0.10 respectively. The chloro­
methanes do quench the fluorescence of the amines 
(Fig. 2). The quenching of the fluorescence of these 
amines in cyclohexane does not obey the Stern — 
Volmer relation, thus confirming the predicted con­
tribution of the static component. The Ksv constants, 
determined for the concentration range over which 
the Stern —Volmer relation is satisfied (up to approx.
0.075 M for CC14 and CHC13), are shown in Table II.

Table II. Quenching constants. Ksv [dm3 mol ’], of aniline 
and its para-substituted derivatives in cyclohexane.

Amine/Quencher CH2C12 CHCl, CC14

Aniline 4.8 51.8 60.2
4- iviemuxy aniline H. / j j . j J O . J
4-Ethoxyaniline 4.7 34.5 38.5

C quencher[mol/dm3]

Fig. 2. Fluorescence quenching curves of aniline by 
CCI4 — 0 — 0 — , CHCl, — and CH2C12 — 0 —3 — 
in cyclohexane.

Prolonged refluxing of aniline with 
chloromethanes did not induce any detectable trans­
formations. On the other hand, exposition of the 
aniline solutions in CC14, CHC13 and CH2C12 to the 
U V  radiation revealed photoactivity of these sys­
tems. Quantum yields of the formation of hydrogen 
chloride, which is at least in part the product of the 
primary photoreaction, are shown in Table III.

Table III. Quantum yields of the formation of hydrogen 
chloride, cpuc,, during photochemical reactions of the 
amines in chloromethanes; camjne = 0.05 M; X = 313 nm; at 
20 °C.

Amine/Chlorom ethane CH2C12 CHCl, CC14

Aniline 1.48 1.53 1.62
4-Methoxyaniline 1.62 1.67 1.91
4-Ethoxyaniline 1.55 1.61 1.77

The higher than unity quantum yields of the for­
mation of hydrogen chloride are probably due to the 
contribution of the dark reaction. It is worth noting 
that in spite of the differences in the reaction media 
(polarity, electron affinity), the <pHC1 values are com­
parable. This suggests alike mechanisms of the pri­
mary and secondary photoreactions in each of the 
systems studied. In the presence of chloromethanes
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electronic excitation of the aniline molecule may, 
apart from deactivation processes, lead to transfer of 
the hydrogen atom (or to successive electron and 
proton transfer) from the amine molecule to that of 
chloromethane. Consequently, products of the pri­
mary photoreaction would involve the aniline radi­

cal, the CH3_jvC1x (X  =  1, 2, 3) radical and the HC1 
molecule.

We now expect confirmation of the suggested 
mechanism of the primary and secondary photoreac­
tions from investigations of the products of photo- 
chemically induced transformations.
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