1.0 x 102 M, respectively. The rates were de-
termined with a Unicam SP 200 G Infrared
Spectrophotometer and the rate constants were
reproduced with an accuracy better than + 3 %,.
Conductivity measurements. When using
A°ppast=55.8 ohm~! em~2 mol-1?* the follow-
ing equivalent conductivities at infinite dilution
in acetonitrile at 25 °C were found:

lo(PhaAs):SAO¢= 172 ohm=! em~2 mol-!
°s.0¢— = 60.4 ohm~! em~% mol-?

X°praseny = 150 ohm~! cm~2 mol-!
‘on—=94.2 ohm-! cm~2 mol-!

From the plots, A versus V¢, the salts appeared
to be completely dissociated in acetonitrile. The
conductivity measurements were performed on
a conductivity meter type CD M3 with a con-
ductivity cell, type CDC 304 (immersion type)
with a cell constant 1.00 cm + 10 9.
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Hydrogen Bonding of Diphenylamine.
Part 1. A Near Infrared Study of
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Acceptors
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In the literature two quite different series of
equilibrium constants K. have been reported
for the hydrogen bonded complexes formed by
diphenylamine (DPA) with some proton ac-
ceptors. The values of Bhowmik and Basu!?
are appreciably greater than the values ob-
tained by Sannigrahi and Chandra? by the
same method (UV) and in similar conditions
(Table 1). The proton acceptors used in the
two studies mentioned above were not the same,
but their proton-accepting power should be of
the same order of magnitude.

To obtain a more reliable estimate of the
proton donor strength of diphenylamine, we
have measured the equilibrium constants for
some diphenylamine —proton acceptor com-
plexes by the IR method.

Experimental. Chemicals. Diphenylamine
(purum grade, Schering-Kahlbaum AG) and
benzophenone (zur Synthese, E. Merck AG)
were used as received. 1,4-Dioxan (Uvasol
grade, E. Merck AG) and dimethyl sulfoxide
(DMSO, purum grade, Fluka AG) were purified
by fractional crystallization. Hexamethylphos-
phorie triamide (HMPA, zur Synthese, E. Merck
AG) was boiled with calcium oxide at diminished
pressure for about 15 h and then distilled
through a Vigreux column (b.p. 80 °C/2 mmHg).
N,N-Dimethylacetamide (purissimum grade,
Fluka AG) and carbon tetrachloride (Uvasol
grade, E. Merck AG) were dried with molecular
sieves 4A.

Table 1. Literature values of the equilibrium
constants for the hydrogen bonding of diphenyl-
amine with proton acceptors. Method UV,
solvent cyclohexane, temperature 27 °C.

Proton acceptors K. Ref.
M-
Benzophenone 14.4 1
Quinoxaline 17.4 1
Diethylnitrosoamine 28.2 1
Diethyl ether 0.28 2
Dioxan 0.58 2
Tetrahydrofuran 0.40 2
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Table 2. Equilibrium constants K. and fre-
quency shifts 4vNH for hydrogen bonding of
diphenylamine (about 0.15 M in CCl,) with
proton acceptors. Temperature 25 °C.

Proton K, 4NH Concen-
acceptor M-1 em-1 tration
range/M
Benzophenone 0.622 48 0.19—-0.49
1,4-Dioxan 0.608 73 0.54
N,N-Dimethyl-
acetamide 4.18 102 0.080—0.125
DMSO 6.85 117 0.069—0.138
HMPA 19.4 155 0.054 —0.066

Spectrometric measurements. These were car-
ried out with a Beckman DK-2A spectro-
photometer as described previously.®* The con-
centrations were corrected for the thermal
expansion of the solvent. The Av-values are
believed to be accurate within +3—5 em-1,
4H-values within %2 kJ mol-! and K, -values
within 10 9.

The non-SI units used were: 1 M=1 mol
dm-?; 1 mmHg=133.322 Pa.

Results and discussion. The results given in
Table 2 reveal that the proton donor strength
of DPA is relatively low. This is to be expected,
because phenyl groups reduce the basicity of
amines. The values of K. for DPA —benzo-
phenone and DPA —1,4-dioxan complexes are
approximately equal, the frequency shift 4YNH
being somewhat smaller in the former case.
Our value K.=0.608 M-! is close to the value
0.58 M-t (27 °C, cyclohexane) reported by
Sannigrahi and Chandra 2 for the DPA — dioxan
complex. No drastic changes in spectrometric
quantities are expected on going from carbon
tetrachloride solutions to cyclohexane solu-
tions, and thus we conclude that our results
are in accordance with those reported by San-
nigrahi and Chandra. The value K.=14.4 M-!
(27 °C, cyclohexane) reported by Bhowmik and
Basu?! for the DPA —benzophenone complex,
on the other hand, is remarkably greater than
our value K.=0.622 M- (25 °C, CCl,). Thus it
would seem that the values reported by Bhow-
mik and Basu for various hydrogen bonded
complexes of DPA are indeed much too great.

Table 3. Spectrometric quantities for the
hydrogen bonded 1:1 diphenylamine —hexa-
methylphosphoric triamide complex.

t {{L — 4H AvNH

°C M- kJ mol-t cm-!
0 46.1

25 19.4 21.4 155

50 10.5

10

o
~
T

Absorbance

02

2900 3000 2900 3000 3100

cm

Fig. 1. Representative spectra of DPA —base
systems. Solvent CCl,, temperature 25 °C, path
length 1 mm. Curve 1, 0.148 M DPA, CCl, in
the reference beam; curve 2, 0.148 M DPA +
0.491 M benzophenone, 0.491 M benzophenone
in the reference beam; curve 3, 0.149 M DPA,
CCl, in the reference beam; curve 4, 0.149 M
DPA +0.138 M DMSO, 0.138 M DMSO in the
reference beam.

The experimental data of Bhowmik and Basu
are too meagre to conclude what is the reason
for the discrepancies between their and our
values.

The enthalpy of complexation was measured
for the DPA-HMPA complex (Table 3),
since HMPA is the most strongly complexing
proton acceptor studied in this work. The value
we obtained, — AH = 21.4 kJ mol-!, is somewhat
greater than expected from the relatively small
frequency shift (155 em™); this enthalpy value
indicates medium strong bonding. The values
of the other thermodynamic parameters for the
DPA-HMPA complex are —A4G°=17.36 kJ
mol-! and — 48°=47.1 J mol* K-

In Fig. 1 are shown two representative spectra
of DPA complexes.
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