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HYDROGEN BONDING ABILITY OF 4-METHYL-2,6-DIFORMYL
PHENOL IN CYCLOHEXANE
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This paper reports the electronic absorption and fluorescence spectra of 4-methyl-2,
6-diformyl phenol(MFP) in binary and temary solution in cyclohexane and o-aminobenzoic
acid(ABA) or methylanthranilate(MA). The equilibrium constants are evaluated from the
absorption spectral change of MEP in presence of ABA and MA at 300 K. In addition, the
mechanism of absorption spectral shift when ABA or MA act as proton acceptor is discussed
on the basis of hydrogen-bond interaction.
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INTRODUCTION

ALTHOUGH the literature is abound with metal complexes from the condensation products
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of various amine functionalized molecule ' practically little is known about MFP itsclf.
Proton donor behaviour of MFP prompted us to undertake a study of the interaction between
MFP as proton donor and ABA/MA as proton acceptor in cyclohexane as solvent in order
to get a better understanding of the hydrogen bonding properties of MFP.

In a previous communication,3 it has been suggested that the characteristic spectral
change of some aromatic amines in going from a cyclohexane to MFP solution may be
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explained as due to charge-transfer interaction via hydrogen bonding between the hydroxyl
group of MFP and pi-electron system of benzenoid compounds. The object of the present
investigation is to study if the spectral change of MFP with ABA and MA could be attributed
to hydrogen bond formation and if an equilibrium constant could be estimated from the
intensity data.

MATERIALS AND METHOD

ABA and MA (E Merck) were purified either by recrystalisation {water-methanol mixture)
or distillation. Cyclohexane (Merck, spectroscopic grade) was dried and distilled before use.
MFP was received as gift from the Department og 'Inorganic Chemistry of IACS. All the
absorption spectra were recorded with frechly prepared solution in a Cary 17D
spectrophotometer. The fluorescence spectra were scanned in a Perkin-Elmer fluorescence
spectrophotometer (Model (MPF-44B) using 1cm quartz cell at 300 K. Since there was
absorption spectral overlap between donor and acceptor (280-340nm), necessary intensity
corrections were made while measuring the absotbancz of MFP. The fluorescence spectra
given (Fig. 3) were not corrected for PMT-monochromator response. .

RESULTS AND DISCUSSION

(a) Absorption Spectra

It is seen that as the ABA/MA concentration is increased in steps to the binary mixture
of a MFP-cyclohexane solution, keeping the concentration of MFP fixed in each case, the
position of the absorption maximum shifts gradually to the shorter wavelength side and the

value of the integrated absorption _fs Sy of MFP increases gradually as shown in Fig. 1, Itis
also clearly observed that with gradual increase of ABA/MA concentration the value of the
(ISVQ first increases sharply and then tends to a constant value above a certain concentration
(1 8x10™ mol dm‘3) indicating that the intermolecular hydrogen bond formation is almost

TaBLE I

Spectral shift ( Av) and association equilibrium constant due 10 hydrogen bond formation with MFP at 300 K

Acecepior vs, em™ Vs, cm™? Av =vi-vyem™ K
€, dm’mol'em™) (. dm’mol'em™) dm’ mol*
ABA 28409 29240 831 260"
(2560) (10250) 2701 5)"
MA 28409 29851 1442 290"
(3980) (8980) (280 + 5)"

Note: °K values are obtained from graph.
*K wval are calculated by least sq method from intensity data.
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complete at such concentration. The progressive change of absorption spectra of MFP by
the addition of ABA is shown in Fig. 1 and frequency shifts )Av in cm™) are given in
Table I.

From the observed spectral change, the equilibrium constant, X of hydrogen bond
formation can be evaluated by the Ketelaar’s method.*

1 =l 1 l+ 1 1
Do-Df A 'Dp~Df K Dp-g’ (D

where Df and Dp denotes the absorbanceof free proton donor and the hydrogen bonded
complexrespectively and Do that of a solution of donor where the concentration of the proton
acceptor A is [A]. On extrarapolating the straight line (Fig. 2) obtained from 1(Do — Dy) vs.
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Fig 1 Absorption spectra of MFP QS‘O x 10° mol dm™) in mixed ABA- cyclohexane system at
300 K. [ABA] x 10° mol dm™ = 0(0); 25(1); 5.0 (2); 6.2 (3); 7.5 (4); 10.0 (5); 12.5(6); 13.7
(7); 15.5 (8).

1 1 1 1 1 1 1 1 L L L
04 -02 0 02 04 06 OB 10 12 14 le 18 20
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Fic2 Plot of 1/D, — Dyvs Y{a)in (O) MA and () ABA.
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1/[A] plot to the point where 1/Dp— D= 0, KX is obtained as K = —1/[A]. The association
equilibrium constant (K) evaluated by linear regression analysis are given in Table I. Since
cyclohexane comprises bulk of the ternary solution in which the relative concentration &f
proton acceptor is low, the effect of change of polarity without hydrogen bonding will not
be of any great significance and the observed spectral changes should- presumably be
attributed to intermolecular hydrogen bonding. Morcover, the fact that absorption spectral
changes are also observed when MA is added to MFP in cyclohexane may imply that both
ABA and MA must be acting as electron donor or proton acceptor in this hydrogen bonding
interaction.

For both the proton acceptor molecules, the spectral shift on H- bond formation,
Av=vp—V¥r (b and f referring to bonded and free molecules respectively) is found to be
towards shorter wavelength (TableI)i.e., Av > (. It may be pointed out that when a phenolic

hydroxyl group enters into hydrogen bond formation, the longest wavelength it — &t absorp-
tion band of phenol shows a blue shift® (F1g 1). The observed shift cannot be associated
with environmental perturbation as the extinction (¢) at the peak is much higher in
amine-cyclohexane mixture than in cyclohexane (Table I). Another interesting observation
is that the value of equilibrium constant as well as absorption spectral shift in the case of
MA is higher in comparison to ABA (Table I), suggesting a stronger proton acceptor/electron
donor character of MA. A point to note here is that ABA have two substituents, one is a
strong electron donor (NH2) and the other is a strong acceptor (-COOH). Hence, the
relatively higher blue shift of MA can be related to the more basic character of this aromatic
amine, which is clearly due to the absence of the strong electron withdrawing -COOH group.
Moreover, high value of equilibrium constant given in Table I indicates moderately stronger
interaction takes place between the reactants. Accordingly, the results are consistent with
the general belief that intermolecular H-bonding is responsible for such i mlcracﬂon between
the lone pair electrons of amine nitrogen atom and the hydroxyl group of MFP. 89

(b) Fluorescence Spectra

When MFP is excited with 350nm light, we obtain two spectral bands, one around
390nm and another around 530nm region (Fig. 3). The longer wavelength band may safely
be attributed as due to partially ionized species of MFP 3,9. By shifting the excitation
wavelength the weak peak at 390nm is assigned as Raman shifted peak. However, the band
at 530nm is broad, so it seems quite probable that 530nm band could be due to one or more
species. This may be due to a change in the dielectric property of the solvent in the excited
state'° Moreover, intramolecular proton transfer of MFP is fast in the first excited singlet
state and hence, presence of species II is quite probable.

The sharp bands around 410nm (Fig.3) may safely be assigned as due to MA and ABA
fluorescence respectively. The band due to the species at 530nm i is shown to quench by the
addition of ABA or MA (Fig. 3). According to Mataga et al.'! when two conjugated
n-electronic systems are directly combined by H- bonding interaction, fluorescence of
proton donor is strongly quenched. Accordingly, from the viewpoint of the H-bonding
interaction the MFP fluorescence quenching may be caused by a direct interaction between
n-orbital of amine and hydroxyl group of MFP. As is well known, the hydrogen bonding
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Fluorescence spectra of MFP (9.8 x 1075 mol dm™) with MA. [MA] = 0(0: 1 (2.2 X, 107

moldm } 2(35x 10 5 mol dm’ ) douedlme repfesents the spectra of MFP (8.5 x 10" mol

dm’ ) in presence of ABA (3.6 x 10 mol dm” )

ability of aromatic hydroxy compounds is considerably larger in the lowest excited singlet
state than in the ground state, a proton transferred complex/ion pair formation of MFP with
primary aromatic amine bases (B) like species III cannot be ruled out.>?

L =B - I N A

—
[

In conclusion, our spectroscopic results support the hydrogen bonding interaction
mechanism used to explain the spectral changes of MFP in presence of ABA and MA
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