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Abstract

The molecular structures of acetophenonylidine-4-aminopyridine (1), 2, 6-
dihydroxyacetophenonlidine-4-aminopyridine  (II), 2, 4, 6- trihydroxyaceto
phenonylidine-4-aminopyridine (I11) and 2, 6-dihydroxyacetophenonylidine-2-
aminopyridine  (IV) have been investigated by IR and UV-visible
spectrophotometry. The IR data indicate that the hydroxyl groups of these Schiff
bases exist as tautomeric mixtures of free and bonded with the azomethine groups.
The electronic spectra, effect of polar and nonpolar solvents, and the effect of acidity
and basicity on the electronic spectra were studied and discussed. Their charge-
transfer (CT) complexes with chloranil in chloroform solvent were also investigated;
these complexes absorb light at 398-533 nm. The ionization potentials of Schiff
bases, the equilibrium constants , molar extinction coefficients of CT complexes and
the dissociation energies of the complexes excited states were estimated and
discussed, the values are 8.38 — 8.98 eV , 138 — 560 mol™ dm®, 530 — 1430 m? mol™*
and 4.68 — 4.75 eV , respectively .
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Introduction

The previous spectral studies on different kinds of Schiff bases have included the electronic,
infrared, nuclear magnetic resonance, mass spectrometry and others[1-9], complexation with various
metal ions in ethanolic solution [3-6,8], and charge — transfer (CT) complexes with various electron
acceptors in chloroform and methanol solution [10,11]. The study of CT complexes between several
Schiff bases as electron donors and different electron acceptors such as lodine (I,) ,DDQ(2,3-dichloro
-5,6-dicyano-1,4-benzoquinone),p-CA(2,3,5,6-tetrachloro-1,4-benzoquinone), 0-CA(3,4,5,6-
tetrachloro-1,2-benzoquinone) and aromatic nitro compounds have been investigated and calculated
the equilibrium constants , extinction coefficients of the CT complexes ,including the ionization
potentials values of the Schiff base as electron donors [7,10-12] .
In this work different spectral properties, the effect of different solvents on the electronic spectra and
charge — transfer complexes with the acceptor chloranil have been investigated on a new class of
Schiff bases which were prepared with same the method ,previously [12], these bases are derived from
2-aminopyridine,4-aminopyridine and hydroxyacetophenones .
EXPERIMENTAL

Acetophenonylidine-4-aminopyridine (I) mp = 94 °C (record. mp = 956 °C) , 2,6-
dihydroxyacetophenonlidine -4- amionpyridine ( 11') m.p = 117 °C (record. m.p = 116 — 8 °C), 2,4,6 —
trihydroxyacetophenonylidine - 4-amionpyridine ( 111 ) m.p = 182 -3 °C (record. m.p = 183 — 5 C°)
and 2,6 — dihydroxyacetophenonylidine — 2 —aminopyridine ( 1V ) (Scheme 1) m.p= 114 — 6 °C
(record. m.p = 114 — 7 °C) were prepared and purified as described previously [12] .
Chloranil CA ( 2,3,5,6-tetrachloro-1,4-benzoquinone) was of “Fluka” of purity greater than 96% .
Sodium hydroxide (G.R) of "BDH" and hydrochloric acid (AnalaR) of "Ferak" .Cyclohexane ,
benzene , carbon tetrachloride , chloroform and n-butanol were (spectrosil) of "Fluka" . Ethanol
dichloroethane and acetic acid were (AnalaR) of "BDH" . Dimethylsulfoxide DMSO and
dimethylformamide DMF were (spectrosil) of "Merck".
Varian DMS 100 UV-Visible spectrophotometer was used to record the electronic spectra using (1
cm) quartz absorption cell . PyeUnicam SP3-300 IR spectrophotometer was used to record the IR
spectra as KBr disks . Perkin EImer 240 B Elemental Analyzer was used to record elemental analysis
of the Schiff bases and the results obtained are shown in table-1.

Table 1- Molecular Formula, Molecular Weight (m.w), Melting point (m.p) and Elemental Analysis of the
Schiff Bases.

i O
Schiff Molecular ; Element analysis % calculated
m.w/g mol m.p/ec (found)
base formula
C H N
7959 | 6.12 14.26
I CigHioN, 196 95-96 (7952) | (6.10) | (14.16)
68.42 | 5.26 12.19
I CisH1N;0, 228 116-118 (68.33) | (5.29) | (12.08)
6393 | 4.92 11.48
1] C1H12N,0s 244 183-185 (63.99) |(4.88) | (11.42)
68.42 | 5.26 12.19
\Y CiH12N-0; 228 114-117 68.47) | (512) | (12.37)

Results and Discussion
Infrared spectra

Table-2 represent the major absorption peaks of the stretching and bending vibrations of compounds
I -1V and some of their starting materials. The data confirm the molecular structures of compounds I-
IV.The most important conclusion concerning the molecular structures can be outlined as follow: (i)
the asymmetric and symmetric stretching vibrations of the free O-H bands in compounds Il and IV
located at 3460 and 3360 cm™ and at 3380 and 3330 cm™ respectively. These absorption peaks have
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not observed in the spectrum of 2,6- dihydroxyacetophenon, although the bonded O-H was observed at
3300 cm™. This indicates that the O-H of 2,6- dihydroxyacetophenone is completely bonded with its
carbonyl groups, whereas Il and 1V present as a tautomeric mixtures in which the O-H groups are free
and bonded with the azomethine group of the molecule, this confirmed by the shift of v c-o absorption
band of acetophenone from 1683 cm ™ [13] to 1620 cm ™. In the case of 2,6- dihydroxyacetophenone,
which means that C=0 of 2,6- dihydroxyphenone is completely bonded with the O-H group. (ii) The
asymmetric and symmetric stretching vibration of O-H at Il are shifted to a lower frequencies by 140
and 120 cm-' compared with that of 2,4,6- trihydroxyacetophenone, this provides another evidence for
a greater hydrogen bonding of O-H with the azomethine .

Table 2- The most important peaks in the IR spectra of compounds | — 1V and some of their starting materials,
on KBr disks.

Compound Uox/cml U cx Skeletal bands phenol and Uen 3 0.H Yo
/ cm! / or pyridine ring/ cm! fem-l fem-! Jeml
Asym. | Sym. Bounded
N = C:1480 s.
2-Amino pyridine(*) — — — — - 1320 w — —
C C 2 1590, 1550, 1435 s.
N T C;
4- Amino pyridine(**) — — — — ° C51490 1320 m — —
C — C€:1595 5 1550 w, 1425 m
2,6-Dihydroxy . — .
acetophenone(***) — — 3300 b.vs. C — C:1580 s, 1510 w, 1450 s — 1350 s 1040 vs
2.4,6trihydroxy . — .
ﬂl:E(DP' 3520 s 3450 s 3100 b.vs. cC — ,C : 1550 m, 1520 m, 1445 w — 1340 s 1030 vs
1 — — — 1625 s | T MW 1440 w — —
C — (€:1535m, 1580s
o 3460 s | 3360 s 3200 m 1620 b.s N CilsSm 1440 s 1330 m 1060 m
C — C:1510m, 1560 s, 1590 s
m 3380s | 3330s 3200 s 1655 s N C:1495 s 1415 m 1360 s 1050 m
C — C€:15205s, 1550 w1600 s
N — H 3
v 3460 s | 3360 s 3200 w 1620s |~ €; 1485 m 1445 s 1360 m 1040 s
C — C:1590s, 1560 s, 1510 m

(*) v NH 3430 cm™ b.,w.  NH, 1620 cm™ s. (**) v NH 3420 s, 33000 m cm™ ,  NH 1640cm™ s. (***) v c=0
1620 cm™ b.vs.

S, strong ; w. weak ; m, medium ; b, broad ; vs, very strong

v, stretching vibration

0, out of plane bending vibration

Electronic spectra and the effect of solvents

Figures 1 and 2 represent the electronic spectra of compounds | and Il at different concentrations
in ethanol as a typical examples. Table 3 shows the absorption bands in the electronic spectra of
compounds | — IV and their starting materials in ethanol. The absorption bands at 203 and 205 nm of |
— IV at 250 nm of | represent the local excitation @ — * transitions of pyridine and acetophenone
rings, which correspond the transition 1Alg — 1 By at 203 nm in the spectrum of benzene molecule
[14] . The electronic transition at 250 nm of | splits into two bands in spectra Il and Il , their
positions at 224 , 247 nm and at 229 , 248 nm respectively; and concentrated at 228 nm in the
spectrum of IV. The data of Table 3 indicate that the intensity of the band at 250 nm of | is greater
than the total intensities of the bands at 224 and 247 nm of 1l equal to the total intensities of the bands
at 229 and 246 nm of Il , and approximately equal to the intensity of the band at 228 nm of IV, this
confirms our suggestion mentioned just above .
The transitions at 267, 285 and 270 nm in the spectra of Il , 11l and IV represent the local excitations
m — * of pyridine and acetophenone rings which correspond the transition *Ayy— * By, at 256 nm
in the spectrum of benzene molecule [14] . The absorption bands at 309 , 344 , 323 and 343 nm in the
electronic spectra of | — IV respectively, represent ™ — m* transitions which are originated from
acetophenone rings and extended over the whole Schiff base molecules , the presence of more than
hydroxyl group in the molecule enhances such transition [2,7,14,15] .
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Figure 1-The electronic spectrum of Schiff base(1)
In ethanol at different concentrations
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Schiff Base (2) in ethanol
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Figure 2-The electronic spectrum of Schiff base(2)

in ethanol at different concentrations

Table 3 — The Electronic spectra of compounds | — IV and their starting materials in ethanol

Compound O ma(NM)/E (M? mol™)

2-Aminopyridine 294(270+£10) 233(800+20) 199(420+10)

4-Amino pyridine sh.266(190+20) 254(840+10) 203(1020+150)

Acetophenone 277(80+5) 240(980+£20) 202(1530+120)

2,6-Dihydroxy- 269(660+10) 222(720+20) 202(830+50)

acetophenone

2,4,6-Trihydroxy- sh.322(310+10) 284(1710+60) 226(1500+70),

acetophenone 200(2100+100)

I sh.309(240+5) 250(2360+10) 205(2830+100)

I 344(200+10)  267(900+30) 247(1080+20),
224(920+20)  204(1600+50)

" sh.323(310+5) 285(1550+20) 246(1300+10)
229(1490+20) 204(2610+30)

v 343(340+30)  sh.300(560+40) 270(1280+40)

228(2220+100) 203(1780+90)

Every reading is an average of four measurements.
sh. Shoulder
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It seems that the polar and nonpolar solvents have no effect on the absorption bands at 203 — 285
nm in the electronic spectra of compounds | — IV, but there is a remarkable effect on the longer
wavelength absorption bands , Table 4 shows such effects and Figure 3 summarizes the data of Table
4 . Figure 3 illustrates that the shift in Ana(AT) increases rapidly with increasing dielectric constant of
the solvent until the value 10, after that the increase became gradual to the value of water 76.5 . The
increase of AU with € may explained as follows: after absorption light , the excited state of Schiff
base molecular becomes more polar than its ground state, therefore the polar solvent stabilizes the
excited state by connection its dipole with positive and negative ends of the molecule . The more
delocalization of the charge in the excited state, higher increase of AU with € occurs. This effect is
very clear in the case of compound I, figure-3. In this molecule there are three O-H groups, which
increase the delocalization of the charge and so eventually leading to higher values of AU compound
with the other molecules. In DMSO, AU is not uniform, this is because of some factors concerning this
solvent such as its viscosity, basicity nature and ability to form charge transfer complexes with
compounds containing two adjacent nitrogen atoms, the nitrogen act as electron donor and DMSO as
electron acceptor [16,17]. The effect of 1.0 mol dm™ hydrochloric acid and sodium hydroxide on the
electronic spectra of compounds | — IV has also investigated, table-5 summarizes the results. Clearly,
the data of Table 5 indicate that some absorption bands observed in alkaline medium only, some
others observed only in the neutral and acidic media, and others observed in all media. The absorption
bands in the electronic spectra in alkaline medium at 240 nm and 295 nm of |1, at 240 and 315 nm of
111, and at 289 nm of IV were not observed in the neutral and acidic media. It is reasonable to conclude
that these absorption bands may represent the electronic structures of sodium salts of 11 — IV as shown
in Scheme 1.

0
I|ll|ll||l|ll|ll|l||ll|ll|ll|ll|ll|ll|
0.00 20.00 40.00 60.00 80.00
Dielectric constant &
Figure 3- Variation of the dielectric constant of the solvent with the shift
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Table 4 — Variation of the red shift with the dielectric constant of the solvent on the longer wavelength
absorption bands of compounds I — IV.

ot Dielectric Schiff base I Schiff hase IT Schiff hase IIT Schiff hase IV
constant & ™ | wjewr? | Shift Ay | Jom | viur! | Shift Ay | Jnm | vicar! | Shift Ay | Wnm | viem? | Shift Ay
Cyclohexane 2.01 303 | 33000 34 [ 20040 205 | 33000 30 | 30300
CCL k! 306 | 32680 | 320 | 336 | 20760 | 180 | 305 | 32700 | 1100 | 332 | 30120 | 180
CeHs L7 307 | 32570 | 430 | 336 | 20760 | 180 | 306 | 32680 | 1200 | 333 | 30030 | 270
CHCL 4m 307 | 32570 | 430 | 330 | 20500 | 440 | 308 | 32470 | 1430 | 330 | 20500 | 800
CH:COOH 6.19 308 | 32470 | 530 | 339 | 20500 | 440 | 310 | 32260 | 1640 | 341 | 29330 | 970
(CH:)2Cl 10.23 308 | 32470 | 530 | 340 | 20410 | 530 | 301 | 32150 | 1750 | 343 | 20160 | 1140
n-Butanol 17.45 309 | 32400 | 600 | 342 | 20240 | 700 | 311 | 31950 | 1950 | 343 | 20160 | 1140
Ethanol 2433 310 | 32260 | 740 | 344 | 20070 | 870 | 315 | 31750 | 2150 | 344 | 20070 | 1230
DMF 36.71 32| 32050 | 950 | 345 | 28000 | 050 | 317 | 31550 | 2350 | 345 | 28000 | 1310
DMS0 46.68 314 | 31850 | 1150 | 404 | 24750 | 5100 | 321 | 31150 | 2750 | 303 | 25450 | 4850
H;0 76.54 316 | 31450 | 1550 | 340 | 28650 | 1200 | 320 | 31250 | 2650 | 345 | 28000 | 1310

Table 5 — The electronic spectra of Schiff base | — IV in water, 1.0 mol.dm™ hydrochloric acid, and 1.0 mol.dm"
% sodium hydroxide. The concentration of every Schiff base is constant 6.0 «10° mol. dm™ sh. , Shoulder

Schiff Base dmax /om ( €/ mPmol 1)
H,0 HCI NaOH
o
ii;giajg% 199(2600) 214(3240)
~Fols bl YAA(D £
I h.318(200) 353 (2580) 244(2480)
205(2590) 108(2870) 211(3360)
sh.222(1250) sh.208(1600) 240(1770)
I 264(2400) sh.221(870) 295(380)
349(300) 264(1880) sh.346(180)
334(190)
i plvis
205(440) Sﬁg%%‘&%j 211(3300)
sh.222(770) 224(1280) 240(1770)
I 265(1200) ;36(7330) 295(380)
sh.285(850) 220111440 sh.346(180)
h.320(300) sh.291(1440)
SH- sh.325(270)
199(2850) 198(2750) a1
225(1900) 223(1680) ‘?13355(37-3500))
v 270(1330) 269(1130) <
sh.351(250)
sh.297(700) sh.299(690)
345(330) sh.345(250)

On the other hand, the absorption bands in the electronic spectra in acidic medium at 253 nm of |
and at 269 nm of 1V not observed in the spectra in alkaline medium, but observed in their spectra in
water with inconsistent intensities. Accordingly, these absorption bands can attributed to the
protonated Schiff bases as shown in Scheme 2.
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The molecular structure of Schiff bases

R
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H>O0 or HCI

Y v

OH

) T -
Q*—H\} O

X = HCior HO

Scheme 2
The molecular structures of Schiff bases in the acidity, basicity and neutrality media

Charge — Transfer (CT) Complexes

It is well known that Schiff bases act as electron donors in the CT processes with various electron
acceptors [13, 16]. Chloranil (CA) is used as electron acceptor with Schiff bases | — IV as electron
donors in chloroform to estimate their ionization potentials (IP) as well the equilibrium constants
(Kct), molar extinction coefficients (Ect) of the CT complexes, and the dissociation energies of their

excited states (w) using the following equations [15,16]:
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hv-r—b
fp = P70 ™
W:f_p_ Eﬂ-_h]‘.n'fr {2}
[cAl¢ _ 1 1 1

= et — (3)
ODcr  Ecr-Ker [SBl  Ecp

Where (a) and (b) are constants of the acceptor CA, 0.89 and -5.13 eV respectively, and (Ea) its
electron affinity (=1037 eV) [16] , hv ¢ is transition energy of the CT complex, [CA] and [SB] are the
initial concentrations of CA and Schiff base respectively, (ODcr) is the optical density of the CT
complex Amax, and (€) is the optical path length of the absorption cell (=1.0 cm). Equation 3 is
applicable only when [SB] >> [CA]. The plot of [CA]/ODcr vs. 1/[SB] gives straight line of intercept
and slope equal to 1/ €cr and 1/( €ct . Kcr) respectively, division of the intercept by the slope can
obtain Kcr.

A series of solution were prepared in chloroform in which [CA] = 10 mol.dm™ is constant in all

measurements, and [SB] is variable ranging from (10-50)x10 mol dm™. In every case, the electronic
spectrum recorded to determine Amax of the CT complex. We were unable to calculate (Kct) and (€cr)
of the complex of 111 due to its insolubility in chloroform. Figure 4 represents the electronic spectrum
of CT complex of compound Il in chloroform atypical example, and Figure 5 shows the equation 3
plots for determination of the values of (Kct) and (€ct) of CT complexes of I, Il and IV. Table 6
exhibits the values of Amax, hvcr, Ker,E€cr,W of the CT complexes, and Ip of the Schiff bases I -1V .
The values of Ip are very close to each other's and are agree with the values of other Schiff bases
which were estimated from their complexes with various acceptors, the values are ranged between
6.53 — 9.57 eV [10,16,17] compared with our estimated values 8.38 — 8.98 eV (Table 6)
The values of Kcr of 11 and IV are greater than that of I, this is obvious since the presence of OH
group in the structure of Il and IV increase the electronic density of the azomethine group (- CH = N-)
of the Schiff base molecule and makes it a better n-electron donor to ©* orbital of the CA molecule in
the formation of n— n* CT complexes [18-20].

The values of W are also very close to each other; the closeness within £ 0.01 (Table 6) i.e. within
99.8%. This means that the excited state of CT complexes of compounds | — IV have almost similar
structures.

1.60 .
(Schiff Base (Il + C4)in CHC! 3 20‘00“_ [CA] is constant = 10" mol.dm’
moldm moldm ? - 1 _— 3
128 (1) 10x 10~ 1.02x 16-¢ iy {ESIE - X1¢ moldm I
' (2) 15x 10-* ""f15 o0
(3) 20x 10~ § )
- (4) 25x 104 . 2 |
2096 (5)30x 10-* I
= (6) 40x 10-* - 1
= ( .
= Az =398 nm }:0‘00'_ I
=064 ( Longer Ams= 533 nm) QS |
- ]
S | o
‘;_;5.00-/
0.32 |
S
- I
0.00 e o 5o e e 100
370 405 440 475 510 545 580 615 650 ’ : a1 02 R ’
Wavelength / nin [SB] /(10 mol. dni)
Figure 4- The electronic spectrum of CT complexes Figure 5- Equation 3 plots for determination of the
of SB (1) in chloroform at different concentrations value of k and & for CT complexes in CHCI;
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Table 6 — The value of Ip, &t Ker, W ,hver and A max Of the CT complexes of compounds | — 1V with chloranil
in chloroform.

hver  / W /|K /(mol™ i

Compound | A /rmCTC | (V6T T iprev | e ( Ecr / (me.mol™)

I 465 2.67 8.76 4.72 86.3 670

I 533 2.33 8.38 468 | --—--—- |-

398 — 446.3 1590

- 450 2.75 8.85 473 |- | -

v 434 2.86 8.98 4.75 207.1 600
*The Spectrum was measurement without exact concentrations, by addition of few drops of CA
solution to the saturated solution of Schiff base Il in chloroform; this done owing to improper
solution of this compound in chloroform (see the text).

Conclusions

The data of absorption peaks of the stretching and bending vibrations of compounds | —IV and some
of their starting materials, confirm the molecular structures that they can be outlined as follow: (i) the
asymmetric and symmetric stretching vibrations of the free O-H bonds in compounds Il and IV are
located at 3460 and 3360 cm™ and at 3380 and 3330 cm™ respectively. These absorption peaks have
not observed in the spectrum of 2,6- dihydroxyacetophenon, although the bonded O-H was observed at
3300 cm™. This indicates that the O-H of 2,6- dihydroxyacetophenone is completely bonded with its
carbonyl groups, where as Il and IV present as a tautomeric mixtures in which the O-H groups is free
and bonded with the azomethine group of the molecule.

The absorption bands at 203 and 205 nm of | — IV at 250 nm of | represent the local excitation 4
transitions of pyridine and acetophenone rings. We indicated that the intensity of the band at 250 nm
of | is greater than the total intensities of the bands at 224 and 247 nm of Il, equal to the total
intensities of the bands at 229 and 246 nm of 111, and approximately equal to the intensity of the band
at 228 nm of IV.

The values of Ip and W of Schiff bases (I — V) are very close to each other's and are agree with the
values of other Schiff bases which were estimated from their complexes with various acceptors.

The values of Kcr of Il and 1V are greater than that of I, this is obvious since the presence of OH

group in the structure of Il and IV increase the electronic density of the azomethine group of the Schiff

base molecule and makes it a better n-electron donor.
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