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ABSTRACT
The new charge-transfer complexes (CT) of eleven Schiff* bases
molecules as n-electron donors with the acceptor 1,4-naphthoquinone were
studied spectrophotometrically in chloroform solution. The physical constants
(a,b,C1,C2,Ea) of 1,4-naphthoquinone were calculated and they are 0.8385, -
4.157, 7.067, 1.92, 1.39 electron volt respectively.where a= slop of straight line

of first order equation , hv= alp + b, b=y = interept of first order equation ,( b =
hv — alp), Cl and C2 are physical constants of acceptor (eq.3.) ,Ea = electron
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affinity of 1,4 —naphthoquinone ,which is calculated from equation ( 1). The
physical parameters of the (CT) complexes, of Benesi- Hildebrands equation;
( 1/( € K))= slop of equation=a, b=1/¢ =intercept y of the straight line of benesi-
Hildebrands equation ( of first order),where the molar extinction coefficient= ¢

and K= the equilibrium constant of the formation of bond n-pi (CT) complexes ,:
the average dissociation energies of the excited state W=4.70 eV were also

calculated and discussed.
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INTRODUCTION

Previously benzoquinones such as. |,4-benzoquinones, 9,10-anthraquinones “),__
2 ,.3 - dichloro-5 , 6- dicyano-1 , 4-benzoquinones (2-4) ,2,3,5, 6 - tetrachloro-
[ ,4-benzoquinones-chloranil CA®?Y and 3,5 ditert-butyl-1,2- benzoquinones
had been used as electron acceptors with various Schiff bases as n-electron
donors forming n—>J1 charge transfer (CT) in the (CT) process. Other electron
acceptors such as iodine @HLID - pentafluorbezaldehyde  PFB®,
tetracyanoethylene® and tetracyanoquinodimethane form also (CT) complexes
with various kinds of Schiff base compounds.

In the present work, the (CT) complexes between l,4-naphthoquinone
[1,4-Nq] and some Schiff bases(azomethines) derived from aliphatic aldehyde,
p-N,N-dimethylaminocinnamaldehyde, and different anilines were investigated
spectrophotometrically in CHCl; solutions.

The physical constants of [1,4-Nq] and some physical parameters of the
(CT) complexes have been calculated and discussed.
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" EXPERIMENTAL

Schiff bases, compounds 1-11 (Scheme 1) were prépared and purified as
described in the literature . 1,4- naphthoquinone (97% purity) was of
"Aldrich", and chloroform (Spectrosil) was of "Fluka". Beckmann
spectrophotometer, Acta-M.VII, thermostat 298K , Schimatzu uv-vis.. Recoding
Spectrophotometer uv-160 were used to record the electronic spectra using 1.0
cm quartz cell,uncorrected balance,elemental analysis (C,H,N,0,)were carried
out by oil research center/ Al-Habibya-Baghadad. B

The solution of (CT) complexes in CHCI; were prepared by mixing of
fixed concentrations of [1,4-Ng[ and variable concentration of Schiff bases
where [Schiff base]>>[ 1,4-Nq], Benesi-Hildebrand's equation of absorption
is applicable to I:1 (acceptor- donors) molecular n-pi (CT) complexes only
under this condition™*'>'¥, In every solution of the set the concentration of the -
aliphatic Schiff base(azomethine) was the same in both the reference cell and the
sample cell .

a. Reaction equation of preparation and formation of Schiff bases: The
: synthesis of cinnamaylidenes Schiff bases and its derivatives from the
" starting materials, the aldehyde and the anilines (primary aromatic

amines) were completed as in the following:

.,,
It
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C[Hs R
¢~ N @'.‘ CH=CH CHT 0 +H2N‘@ | .
1.Solvent CHCl,4

+H,0 2.Reflux for 2 hour ~

CH;
R 3.-H,0
H;C ‘_N"’@ —CH=CH—CH=N

.The prepared and formed Schiff bases and their derivatives are as in scheme 1:

ITfle : R .
Me— N— — CH= CH~ CH= N— where R represent the .

substitutional decreasers and increasers of charge and they are;
1. R=-Cl (p),
2. R=-Br (p),-

3. R=-NO2 (p),

4. R=-COOH (p),

5. R=-H,

6. R=-CH3 (p),

7. R=-CH3 (m),

8. R=-OCH3 (p),

9. R=-OCH3 (m),

10.R=N(CH3)2 (p),

11.R=-OH (p).

Scheme (1)Aliphatic Schiff bases(azomethines) formation by reaction i
pathways |
Table (1) illustrates the expected, molecular formula and elemental analysis
to the (1-11) above aliphatic Schiff bases (azomethines)structures.
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b. Reaction equation of (CT) complexes formation: Synthesis of charge-
transfer complexes of n-pin bond was yielded from its starting materials -
Schiff bases as n-electron donors and the 1,4-naphthoquinone as new
. acceptor; The yielded and suggested product CTC[ between 1,4- nq
acceptor and n-donor Schiff base]was prepared as in the following:

. CH:
) -/ .e
CH; -——I\——/ (O )>—CH=CH—CH=N—.
~ Schiff base
Donor n—>T1 Acceptor

R

. Clﬁs
|
H;C—N— O >———CH*—“~CH—CH==N[ : <
) CTC 'Solvent CHCl;

o=

C

1
O

overnight

Scheme (2) CTC
The unique product; charge transfer »
complex ( p-N,N-dimethylaminocinnamaylideneanilines- I,4-naphthoquinone.)
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RESULTS AND DISCUSSION

3-1 Estimation of the physical constants of [1,4-Nq]

Table (2) represents the longer wave length absorption bands in the
electronic spectra of [1,4-Nq] and molecules 1-11, the ionization potentials (Ip)
of (1-11) structures and their transition energies (hv) with the acceptor [1,4-Nq],’
and their transition energies with the acceptor PFB in CHCl;.

From the data of table (2) and the electron affinity of PFB (E,=1.37 ev)(6-8), the
physical constants a,b,C,,C; and Ea [1,4-Nq] of the acceptor [1,4-Nq] have been
calculated using equations (1-3)(¢%'>1>1%).

Ea[l,4 - NQ]=Ea(PFB)- hv(PFB)+ hv[1,4- NQ] O
where E, = electron affinity,and hv= CT energy

Ml 4-NQ]=alp+b | )

{14 -NQ=1Ip-C, +—=2 3)
Ip-C,

For the CT complexes of [1,4-Nq] with the donor of Schift
base(azomethine) molecules (1-11) in CHCL, Figures (1-11), the values were

summarized in table (3).
The values of table (3) agree very well with those of the benzoquinone

acceptors(2,5-8,11).

3-2 EstimatiOn of the physical parameters of (CT) complexes:

Table number four(4) shows the values of the molar extinction coefficient of .
(CT) complexes g, the equilibrium constant of formation of n-pi (CT)
complexes K, and the dissociation energies of the (CT) complexes of the
excited states W in CHCI3.(spec.CHCI3 is a good solvent suitable to the CT
process and less spectral complication than alcohol as expected.). _

. The values of € and K were calculated using Benesi-Hildebrand's equation(4)
(5-8,10,11).

L4-NO] 1 1 L @
OD.  eKI[SB] ¢

Where [1,4-Nq] and [SB] are the initial concentrations of the acceptor 1,4- |
naphthoquinone and Schiff base respectively (scheme 1); ODCT is the optical
density or absorbance of (CT) complexes at electromagnetic light radiation of
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= - photon wave Amax , (table (4));

-3 1. is the path length of the light photon absorption cell (=1.0 cm(10 mm.)). The
plots of [1,4-Nq].1/ODCT vs. the values of 1/[SB] gave according to the
equation ( 4 ) a very good straight lines (figures (1-11) show a typical
examples) of which the intercept y is equal to 1/e=b and the slop is equal to(

. “1/(e.K))=a; then from both the intercept and the slop, € and K can be evaluated,

table(4) illustrated the results. - ' ._
The data of tables (2) and (4) show clearly that the presence of strong

2 electron-donating groups(15) such as —OCH3 (p), -N(CH3)2 (p) and -OH (p) in

molecules 8, 10 and 11 (scheme 1), enhance the ( n—* 1) (CT)

complexes formation; K=778, 730, 832 mol-1dm3, respectively(tables (2,4)) .

The presence of electron-donating groups( the increasers) in the structures of

such compound increase the electronic density of their azomethine groups,

which makes these strong n-electron donors, £ =3~ in comparison with
the other molecules, unlike those, deficiency at nitrogen atom resulted from
electrons-withdrawing groups or the decreasers of the process of which have.
relatively low (CT) complex formation because of less formed electrons
transition, [-NO2, K=61, cpd 3], [-COOH, K=97 cpd 4] and this deactivation of
the azomethine nitrogen pair of electron in less reactive Schiff bases resulting
the destabilized CTC, and this is in a good coincide with reactivity of groups in =

physical organic chemistry..etc(3,7,13,15). .

The CT process is governed by n-electron donation from the azomethine
group of aliphatic Schiff base(azomethine) molecule to the empty n orbital of -
the carbonyl groups of [1,4-Nq] acceptor forming and yielding n —> n CT
complex (HOMO to(—*) LUMO electronic transition and since the more
conjugation is added, the longer wave length is obtained, table (2), figures (-

12). .

The wvalues of A or W evaluated from the data of tables(2,3)
* using equation(5-8,13,14). (5)

AorW = Ip — Ea[l,4 - NOQ1 - m[l1,4 - NQO] 5)

where W=dissociation energies of CTC excited states =4.70 eV

Ip = lonization potential of donor or Schiff base( azomethine) eV

Ea[1,4-Nq.] = Electron affinity of acceptor eV

hv = CTC energy - : -~ eV
[,4-Nq =1,4 -Naphthoquinone
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Table (1) Molecular formula and elemental analysis of p-N,N- &5&:%5550&::mawwzamnam or the
_ prepared Schiff bases as n-type charge .
(electron) donors

R The substitu-tion Molecular formula Elemental analysis :

of Schiff bases Calculated Founded
%C %H %N %C  %H %N
1-Cl (p) C;7H;7N,Cl 71.70 5.97 984 7136 590 9.3
2-Br(p) C;7H,;7;N,Br 62.00 5.16 8.51 62.01 5.14 8.60
3-NO, (p) C7Hi7N;0; 69.15 576 1423 69.00 5.60 14.15
4-COOH (p)  CysHysN,0, 73.46 6.12 952  73.13  6.00 9.50
5H(p) - CpHpN, 8160  7.20 1120 8162 7.10 11.40
6-CH; (p) © CigHaoN, 81.81  7.57  10.60 81.60 7.50 10.65
7-CH; (m) C1sHaoN> 81.81 7.57 10.60 8170 7.50 10.50
8-OCH; (p) C1sHyoN,0 77.14 7.14 . 1000  77.00 7.14 10.01
9-OCH;(m) C15HoN,O 77.14 7.14 10.00  77.03  7.17 10.01
10-N(CH3), (p) CyoHxN; 77.81 7.84 1433 7771  7.82 14.10
11=-OH (p) C7H;sN,0 76.69 6.76 10.52  76.45 6.76  10.50



Table (2), The longer wavelength absorption band in the electronic spectra
of 1,4-Nq,and the formed Schiff bases molecules 1-11, and their
ionization (Ip) and CT transition energies hv and their CT
transition energies with the PFB in CHCl3 V

Compound | Compound | CT with 1,4-Nq| CT with PFB(¥)
No. Longer Mnm | 3/nm | hv/eV | Mnm | hv/eV | Ip/eV

—

ORIV b W IN

— | p—
—_—

e Data taken from reference (8)

Table (3), The values of the physical constants of the acceptor 1,4-Nq from its
CT complexes with molecules of aliphatic Schiff bases(azomethines)
1-11 in CHCl; ‘

The CT with | | | Aor W
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Table (4), The molar extinction € of the CT complexes,
the equilibrium constant K of the formations,
and the dissociation energies of the CT
complexes at excited states W or (A) in CHCl,

Compound No. CT with [1,4- NQ]
g/m’mol” | K/mol'dm’ | W or (4) eV

i wv B lw|ro -

O

10
H 783 832 4.75

Average
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_Estimation of the gh;sical constants of the electron acceptor....... .

Xvs.Y
Y =..0937 + 10.789 * X
Correlation: r =.99933 : .

' “®. Regression : 3
0.05 0.07 0.09 0.1 95% confid,

X

Fig.1 —-Cl(p)
Aax = 336nM
Xvs. Y

Y =5.9879 +.02110 * X
‘Correlation: r = .99363

~o. Regression
0.11 95% confid.

wekiei

Fig.2 -Br(p) |
A =540nm -

74




Ali M. Scheriff

Xvs. Y
Y =.49216 + .87389 * X
Correlation: r = .99891

“®, Regression

0.11 95% confid.

Fig.3 -NOy(p)
A ~ S544nm

max

Xvs. Y
Y =.79914 + 08898 * X
Correlation: r =.98482

“® Regression

0.11 95% confid.

Fig.4 ~-COOH(p)

Avex =4 Tnm
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Estimation of the ghgsical constants of the electron accegtor.......

Xvs.Y
Y =4.2209 + 121.96 * X :
Correlation: r = .99783 -

8 Regression .
011 . 95%confid. ’ .

Fig.9 ~OCHj3(m)
A, = 16nm

Xvs. Y )
Y = 6.7225 + 69.460 * X ‘
Correlation: r = ,98618

7.5 "W Regression .
0.015 0.030 0.045 0.060 0.075 0.090 0.105 0.120 - 95% confid. .

X

Fig.10 -N(CH3s)2(p)

Apax = 44nm
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Y=11.9
- Correlation: r =.99699
30

28

26
24
22
20
18
16

- &, Regression
0.015 0.035 0.085 0.075 0.095 95% confid.

14

X
Fig.11 ~OH(p)
A =513mm

max .

Where:
Y=x 10" mole /dm’® =[Aa}/ODctc
X=x 10* mole /dm’ =1/[SB]

Figurers:1-11 plots of Benesi — Hildebrands equation
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Where concentrations of aliphatic Schiff base (azomethine ) :

(1=50x 10° M) (2=45x 10" M) (3=42x10* M) (4=30x10 * M) (
5=25x10 *M)(6=15x10*M)(7=10x10 *M)

Figure 12: Longer wave lengths of electromagnetic light photons and absorptions of
electronic spectra of different concentrations of CTC (1) ( Schiff base + acceptor ) all

have maximum absorptions at unique max. wave length =536 nm
Pure and uncoinplexed Schiff bases concentrations (1-7),
(10-50) 10™ mole /liter & absorbs at max .wave length =395nm

Pure and uncomplexed acceptor concentration =10 mole/liter &

absorbs at max .wave lengths=333nm &2S0nm ( intense ) in CHCI;
solvent .
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