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ABSTRACT

Treatment of 1,4-benzoquinone as acceptor with iremil 2-tolidine, 4-toluidine, 2-aminothiazol and 8-
hydroxylquinoline as donors gave charge transfenptexes in good yields . The complexes were ctaiaed by
elemental analyses, IR afd-NMR spectroscopy. The data obtained indicatefohmation of 1:1 charge transfer
complexes, also a charge transfer interaction aisged by intermolecular hydrogen bondingzhelectronic). The
normalz-z* electronic interaction take place by transferriag electron from the donors ring to the accepiagr
The equilibrium constants, the extinction coeffitse calculated using equation such as modified Bene
Hildebrand, The free energy, ionization potentiatidransition energy of the complexes were cateda

Keyword: charge transfer complexes, acceptor, donorsegudibrium constants and the extinction coeffitgeaf
the complexes.

INTRODUCTION

The term charge transfer gives a certain type ofptex resulting from interactions of donor and gtoe with the
formation of weak bond (1,2) and discussed widsglyFbster (3). Charge transfer complexes using acgspecies
are intensively studied because of their specipé tyf interaction, which is accompanied by the gfanof an
electron from the donor to the acceptor (4,5).ddition, protonation of the donor from acidic acioep is generally
a route for the formation of ion pair adducts (&Bctron donor—acceptor complex formation betwaeceptors
and anilines has been studied (8,9). 1,4-Benzoqeiiis the parent molecule of a class of compowuridsh play a
relevant role in biological systems and in the fation of charge-transfer salts, most of the orgainductors
based on charge-transfer complexes contain a hZe@inone derivative as the acceptor componentl{}0
Reactions of 1,4-benzoquinone with aromatic aminage been carried out (12,13). The reaction betw&en
toluidine and 4- toluidine with 1,4-benzoquinoneridstives have been discussed (14-17).The reactidn8-
hydroxyquinoline with 1,2,3-trihnydroxybenzene, ojthenols and 2,4,5-trichlorophenol in solid statéee been
studied spectroscopyically (18-21).Interaction o&&inothiazole base with acceptors give 1:1 mdégapecies
(22,23). Herein, the spectrophotometer studiese Hawen carried out for charge-transfer complexed,f
benzoquinone with aniline, 2-tolidine, 4-toluidine,

2-aminothiazol and 8-hydroxylquinoline in methasolvent. The equilibrium constant of charge—transbmplex
(KcT), molar extinction coefficient of CT complexct), (AG®), (Ir) and AE®°) were calculated. The synthesized 1,4-
benzoquinone CT-complexes were structurally charietd to interpret the behavior of interactionmgdR, *H
NMR, UV-Vis techniques and elemental analyses. HONMOMO and energy gap values of donors and CT-
complexes were determined.
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MATERIALS AND METHODS

Reagents

The compounds and solvents were purchased fromicAl@hemical Company. Crystallization of 1,4-benziogne
from 95% ethanol, (e.g. from room temperature tuil N,). It slowly decomposes and should be stored,
refrigerated, in an evacuated or sealed glass Mestbee dark. It should be resublimed before &8.(

Instrumentals

Elemental analyses were measured at the Micro icelynit of the Cairo University. The electrordbsorption
spectra of solutions of the CT complexes were nrealson a Shimadzu UV-spectrophotometer model 1801 P
using 1 cm matched quartz cell. Infrared spectreewecorded on a Perkin-Elmer 683 IR, spectrophetemin
Nujol mull. 'HNMR spectra of the compounds were recorded usingk&r,300 MHz NMR spectrometé, NMR
spectra were obtained on a Varian Gemini 200 MHzspmeter’HNMR data are expressed in parts per million
(ppm), referenced internally to the residual protowpurity in DMSO (dimethylsulfoxide, § solvent and the
reported of chemical shift (m = multiplet, s = dtgand br = broad).

Computational method
The drawing of the structure of the donors and jgices were carried out on the Chem-Draw ultra k2fdwvare and
the structures were transported to Chem3D ultr@ 4@ftware for optimization.

Methods

Preparation of standard solutions
The electronic spectra of 1,4-benzoginone (acceptih aniline, 2-tolidine, 4-toluidine, 2-amino##ol and 8-
hydroxylquinoline (donors) were measured in methasa blank. The CT complexes were formed by agddiml
(X = 0.25, 0.50, 0.75, 1.00, 1.50, 2.00, 2.50 @03mL) aliquot of a standard solution (5.0%x%fol/L) of the
appropriate acceptor (1,4-benzoginone) in methaved added to 1.00 mL of 5.0xfMol/L donors also in
methanol. The total volume of the mixture was 5 mhe concentration of donors [[Dj the reaction mixture was
thus fixed at 1.0xI0mol/L while the concentration of acceptor jAaried from 0.25x1T to 3.00x10°mol/L. The
modified Benesi—Hildebrand method (25) were apbfr the determination the formation constandsy,kand the
absorptivity,ect, values for each CT-complex resulted from thislgtu

Computational method
The drawing of the structure of the donors and ptocee were carried out on the Chem-Draw ultra E®fware and
the structures were transported to Chem3D ultra §@ftware for optimization.

Synthesis of the charge transfer complex

The solid CT complex was prepared by mixing thersdéd solution of 1,4-benzoginone (0.1081 gm, bihim 20
ml methanol with saturated solution of aniline(@0%gm, 1mmol), 2-tolidine (0.2144 gm,1mmol), 4-idine
(0.2072 gm,1mmol), 2-aminothiazol (0.1001 gm, 1mjnaoid 8-hydroxylquinoline (0.1452 gm, 1mmol) in 20
methanol. The mixture was stirred at room tempeesfior 3h. The complexes were recrystallized frogathanol.
Elemental analyses for all complexes demonstrétedarmation of 1:1 molecular species and physical
measurements data of CT complexes formed werel |{St@ble 1).

Table 1. Elemental analysis and Physical parametedata of charge transfer complex

o Elemental analysis'
Complex Color Formula (My) mp.°C %C %H %N
An-Bq | grey GHuNO, | (201.23)| 140 | 71.63(71.01) 551(5.99) 6.96(7.40)
2-Tol-Bq | brown GsHaoN2O, | (296.37) 236 72.95(72.11)  6.80(6.99) 9.45(9.90)
4-Tol-Bq | black GHu:NO, | (215.26)| 135 | 72.54(72.98) 6.09 (5.77) 6.51 (6.0)
8-Hg-Bq | brown GsH1NO; | (253.26) 210 71.14(70.94) 4.38(4.12) 5.53(5.7B)
2-At-Bq | Deep brown| CoHgN,O,S | (208.24)] 290 | 17.31(17.88) 1.94 (1.47) 13.46 ()1
@ Calculated ( found )
RESULTS AND DISCUSSION
Infrared spectra

The infrared spectra of the characterized bands4benzoquinone (Bq), aniline (An), 2-aminothiaz@-Ath), 4-
toluidine (4-Tol), 2-toluidine (2-Tol) and 8-hydrgiguinoline (8-Hq) are represented in Table 2. pbssibility of a
donation process between 1,4-benzoquinone and slidaoiline, 2-aminothiazole, 4-toluidine, 2-toluid) may be
caused by a lone pair on the nitrogen atom of thim@a group (26).
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In Table 2, the spectra of free 1,4-benzoquinohewsa very strong band at 1680 @e to the stretching vibration
of v (C = O). The spectra of their separated CT congdeshow the following feature: a shiftw{C = O) due to a
lower wavenumber is observed. This shift was aited to the charge transfer from donor to acceppmn
complexation. This happened because of the expebgtges in molecular symmetry and electronic giracf the
reactants upon complexation. Therefore, CT compiexabetween aniline and 1,4-benzoquinone is glgon
supported by IR spectra. There were changes imgities of the peaks that distinguish the Ngtoup (the
donation sites for the aniline) (27) and also themse shifting for the peaks. The N-H stretchingration is
observed at 3011 c¢hin spectrum of the CT complex whereas in freeimmithis is observed at 3442 ¢nirhe
Infrared spectrum of 4-toluidine donor exhibits @up of bands at 3420-3330 ¢which are assigned to the
stretching vibrations(N-H) and 2986, 2852 cm(CH; str.). In comparison to the CT complex that resijlit was
observed that there is shift in théN-H) to lower wavenumber values.IR spectra of tharacterized bands of 8-
hydroxylquinoline, 1,4-benzoginone and [( 8-Hq)(Bgjere represented in Table 2.The formation of @Mmplex
were associated by hydrogen bonding between ongéxstom of Bg and Hydrogen atom of the OH grou@-o
Hq (21). The shift of the IR bands of the acceptotower wavenumbers and those of the donors panigher
values reflects a donor to acceptor charge traw$fer n* interaction, i.e. Pomwo — Anowmo transition (28).

Table 2. Infrared frequencies and tentative assignamts for acceptor, donors and CT complexes

Compounds | v(N-H) v (OH) v(C=0)+v(C=C)+4 (NH,) hydrogen bond
Bqg 3442 ms 1680 vs
1410 vs
1311 ms
1220 vs
An 3442 ms 1619 vs
3360 s 1281 m
3225v 764 vs
2-Tol 3475 s 1625 vs
3412 s 1573 s
3375s 1520 w
3338 ms 1489 vs
4-Tol 3417 ms 1625 vs
3375w 1594 sh
3333 ms 1510 vs
1777 vw
2-At 3413 s 1629 s
3144 s 1527 s
3293 ms 1520 s
3122 s 1498 ms
1492 ms
1403 vw
1201 ms
1031 v
8-Hqg 3042 s,br 1577 ms
1500 vs
1473 w
1376 ms
1274 vs
Bg-An 3011 m 1606 ms 2006 v
2909 vw 1469 vs 1941 v
2836 m 823 vs 1851 v
2698 m 1782 v
Bg-2-Tol 3242 ms 1629 vs 1978 vw
3055 vw 1510 vw 1778 vw
1466 ms
Bg-4-Tol 3231 m 1629 vs 1978 vw
1510 vw 1778 vw
4166 ms
Bg-8-Hg 3410 s,br 1645 ms 2363 v
1499 ms
1455 w
1411 w
1375w
Bg-2-At 3324 m 1606 ms 2006 v
3109 vw 1469 vs 1941 v
823 vs
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Absorption spectra

The electronic spectra of the aniline, 2-toluididdpluidine, 2-aminothiazole and 8-hydroxyquineli (An, 2-Tol,
4-Tol, 2-At and 8-Hq) as a donors with 1,4-benzaquie (Bq) ast-acceptor and their CT complexes are shown in
Fig.1A,B,C, D and E. The bands of [(An)(Bq)]are eb&d at 305 and 295 nm for the complex in Fig bd H2-
At)(Bq)] are observed at 270 nm (Fig.1E). also,gpectra in the case of [(2-Tol) (Bq)] system hdeénite bands
at 295 nm (Fig. 1B). The corresponding absorptiands associated with the formation of the comp(8x{q)(Bq)]
are observed at 310 nm (Fig 1D). All of these Chdsadisappeared in the spectra of both the domarseceptors,
it seemed shifted to red or blue wavelengths [(§¢Bq) or (An)(Bq), (2-At)(Bq) and ( 2-Tol)(Bq)] weh indicate
the formation of the charge transfer (29). The tebeic spectra of the 4-toluidine (4-Tol) as a domath 1,4-
benzoquinone ( Bqg) as an acceptor and their CT-tmmap are shown in Fig.1C. The spectra of the {8{Bq)]
system have definite bands at 287 nm (hyperchreiffféct). The change of the absorbance intensitygher when
adding the acceptor to donor was detected andtigadsd to form CT complex (15).The possibilityafionation
from the aniline, 2-toluidine, 4-toluidine and 2-awthiazole to 1,4-benzoquinone exists by a iom péielectrons
on the nitrogen atom of -NHjroup and the carbonyl oxygen of Bq (30,31). Aleom hydrogen bonding between
8-hydroxy-quinoline and acceptor in the complex )(20he absorption bands were characteristic of an
intermolecular charge transfer involving the owverlat the lowest unoccupied molecular orbital (LUMG) the
acceptor with the highest occupied molecular orifi®®MO) of the donor. The donors are relativelgation rich
and Bq is relatively electron poor compound, thenydtto associate with one another in a loose ictieraknown as
electron - donor - acceptor (EDA) complexes. The émergy absorptions observed in solutions contgitioth a
donor and an acceptor which have been describeduijken (32) as charge transfer transitions iviag the
excitation of an electron on the donor to an enapbjtal on the acceptor.

The formation constant @) and molar extinction coefficientsd) were calculated using the following modified
Benesi-Hildebrand equation (25).The modified Bettéikiebrand analysis of & involves the measurement of the
D--A CT absorbance (A) as a function of variedJAhen [A] >>[D],. A plot of x = [A], + [D]ovs ¥ = [A], [D]o /

A gives a y-intercept = 1iigect and slope = £+ (Fig 2, Table 3).

[Alo [Dlo/ A =[Alo + [D]df gct + Kereer (1)

where A = absorbance of the charge transfer bangblex,

[A]o = initial concentration of the electron accept

[D]o = initial concentration of the electron donor,

K¢t = formation constant of charge transfer complesdhution, and
gct =molar extinction coefficient.
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Figure 1. Electronic absorption spectra of A- [(AnjBq)], B-[(2-Tol)(Bq)], C- [(4-Tol)(Bq)], D-[(8-Hq)(Bq)] and E-[(2-At)(Bq)] where 1-
acceptor (1x10' M), 2-donor (1x10*) M and 3-CT complex(1x10* M)

40 - 1-4-Tol-Bq at 287 nm 1-8-Hg-Bqat310nm  2-An-Bq at 280 nm
35 | ¥ =0.1198x-11.02 pq | ¥70:2808x-949  y=0.0168x +3.0773
2 30 . R?=0.99 R? = 0.9894
-l 20 .
< 25 - 2 3-2-At-Bq at 270 nm
S 20 - o 16 1 y = 0.0286x - 0.6895
=) 212 - R? = 0.9951
% 15 1 2-Tol-Bq at 295 nm % g . 2
= 10 - y = 0.0657x - 3.8839 < W
57 R? = 0.9959 4 - 3
0 T T T 1 0 T . .
100 200 300 400 500 0 100 200 300
[A]lo+[D]ox10-6 [A]lo+[D]ox10-6

Fig. 2.Relation between [A] [D]J/ A x 10°%nd [A], + [D]ox10%or the complex of A- 1-[(4-Tol)(Bg)] and 2-[(2-To)(Bq)], B-1-[(8-Hg)(Bq)],
2-[(An)(Bq)] and 3-[(2-At) (Bq)

The standard free energy of complex was calculated the formation constant by the following eqoat(33):
AG’=-RTInKsr (2

WhereAG® was the free energy of the complex , R is gastaansT is the temperature in Kelvin degree anrg K
was the formation constant of complex ( Table 3)e Tomplex were found to have small value &iG° value (

Kcr>1 AG%< 1), indicating a weak nature of the complex spdntaneous reaction betweehddd A .

From the electronic spectra of CT charge transéanpgounds calculate the electron energy transitiep E is
ionization potential of donor, Hs electron affinity of acceptors (Table 3).

Electron energy transitioncg calculated by applying the following equation (34)
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The k values can be calculated through the use of th@nmng:
Ip = athy

Where a and b are constants amounting to 4.39@ &5 (35) or 5.156 and 0.778 (36) or 5.110 andqF0.v is
transition energy from HOMO to LUMQCrt{r*)transition of the free donor, which is taken agpmately for that in
solution (the solvation energy is low comparedléztonic excitation energy).

Ea is electron affinity of acceptor calculated byngsBriegleb relation (7).

Ecr =lp—(Ea + C) (4)

Where } is ionization potential of donor,,Hs electron affinity of acceptor and C is Coulomfarce =5.2 eV(38).

Electron affinity of the acceptor can be calculatiedugh a linear relationship betweegrEBgainst }(Fig. 3) and
from intercept can be calculated electronic af§imt p-benzoquinone. In the present work,igequal to 1.93 (39).

4.8 - y=1.3912x-7.1378
R% =0.997
4.6 -
- 44 -
O
w
4.2 -
4 .
3.8 T T 1
7.6 8 84 88
Ip

Fig. 3.Plot of CT transition energies of complexegersus ionization potential

Table 3 Physical parameters data of the complex

complex | Acr Ker £t Ecr Ip AG
nm | mol! | moflem? | eV | meanvalud Kcalmdl
An-Bq 315| 10503 11600 3.948 8.334 5.434
4-Tol-Bg | 287 | 10864 8.347 4.333 8.250 5.467
2-Tol-Bq | 295| 16915 15.22 4.216 8.158 5.644
8-Hg-Bq | 312| 25374 4.152 4.012 8.461 6.08
2-At-Bg | 270 | 41479 34.965 4.606 8 6.483

"HNMR spectra

The proton magnetic resonancelNMR spectra of the CT complexes of 1,4-benzoguénavith aniline, 4-
toluidine, 2-toluidine, 2-aminothiazol and 8-hydybxjuinoline were measured in DMSO solvent using
tetramethylsilane (TMS) as internal standard. Thenaical shifts § of the different types of protons of the
acceptor, donors and CT complexes are listedainlel4. There are changes in the chemical shittegabf CT
complexes rather than the free donors and acceptet NMR spectrum (7). The singlet centered 8a5.3 ppm of
(Bg-An) is attributed to N group which is observed @t 3.55 ppm of An (40)’H- NMR spectrum of the
complexes formed from the interactions betweenlaot®n donors witht-acceptor, Hydrogen atom of the NH
group of the donors makes intermolecular hydrogendmg with Oxygen atom af-acceptor (Scheme 1). The
signal of 2H, NHof 2-Tol, 4-Tol and 2-At in of (2-Tol-Bq), (4-Td8q) and (2-At-Bg) CT complexes were
observed ab 4.67, 5.95 and 5.92 ppm resulted from the intdegular hydrogen bond. The phenolic proton in the
8-hydroxyquinoline usually appearsd&8.34 ppm. For this complex, it seems to have Isbdéfited, this is resulted
the OH of 8-hydroxyquinoline form hydrogen bondiwi® of acceptor. All the observed proton peakhiendpectra
of the starting reactants are also exist in thméat CT complexes spectra with small shifted in eslu
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Table 4: 'HNMR spectra for acceptor, donors and their CT corplex

Compound Chemical shift Assignment
Bq 5 6.8 pmm (S, 4H, Ar-H)
An 3 3.6 ppm (S, 2H, -Nb)

4 6.6 ppm (d, 2H, Ar-H)
3 6.7 ppm (d, 1H, Ar-H)
4 7.12 ppm (d, 2H, Ar-H)
2-Tol 5 2.14ppm (S, 6H, 2x CHl
3 4.77 ppm (S, 4H, 2xNp}
8 6.67 ppm (d, 2H, Ar-H)
87.11-7.16 ppm (m, 4H, Ar-H)
4- Tol 8 2.14 ppm (S, 3H, CH
3 4.86 ppm (S, 2H, Np
8 6.50 ppm (d, 2H, Ar-H)
3 6.80 ppm (d, 2H, Ar-H)
2-At 3 4.6 ppm (S, 2H, -Np
8 6.2 ppm (d, 2H, Ar-H)
3 6.7ppm (d, 2H, Ar-H)
8-Hq 8 7.32 ppm (s, 1H, Ar H)
3 7.34 ppm (s, 1H, OH)
8 7.45 ppm (s, 1H, Ar H)
4 8.05 ppm (d, 1H, Ar H)
5 8.08 ppm (d, 1H, ArH)
8 8.73 ppm (d, 1H, Ar H)
Bg- An 3 5.9 ppm (S, 3H, NB)
8 7.3-8.10 ppm (d, 4H, Ar-H)

Bq-4-Tol| §2.33 ppm (S, 3H, Cy

3 5.95 ppm (S, 3H,Np
56.72-7.20 ppm  (d, 4H, Ar-H)

Bq-8-Hq| 47.34 ppm (S,1,0H)

57.32-7.45ppm | (S, 1H, Ar-H)

8 8.05-8.73 ppm (d, 1H, Ar-H)
Bq 2-At 3 5.9 ppm (S, 3H, NB)

8 7.2 ppm (d, 4H, Ar-H)

8 8.02-8.51 ppm (d, 2H, Ar-H)

Pelagia Research Library



Asmaa A. Ibrahim Der Chemica Sinica, 2015, 6(3):83-92

o
\
—+ —_—
N
OH o

o

4/ 5—NH2 -

E

Scheme IMode of the interaction between 1,4-benzoquinone drdonors (A-aniline, B-2-toluidine, C-4-toluidine, D-8-hydroxyquinoline
and E-2-aminothiazole)

HOMO and LUMO analysis

Molecular orbital and their properties like enee very useful to the physicists and chemiststaed frontier
electron density used for predicting the most figagtosition inz-electron system and also explained several types
of reaction in conjugated system (41). The eledtrabsorption corresponds to the transition frommghound to the
first excited state is mainly described by on efatiexcitation from the highest occupied molecoldnital (HOMO)

to the lowest unoccupied molecular orbital (LUM)4Moreover, the Eigen values of highest occupnedecular
orbitals — HOMOs#-donor) and lowest unoccupied molecular orbitald}MOs (r-acceptor) and their energy gap
reflect the chemical activity(43). Recently, theesgy gap between HOMO and LUMO has been used teeptiite
bioactivity from intramolecular charge transfer )G44,45).

Computational analysis of energy levels of HOMO am$MO orbitals was calculated and the frontier tals
(HOMO, LUMO) of free donors and CT-complexes aretteld in Fig. 4. The HOMO, LUMO and the resultsttod

energy gap values are reported in Table5. The mgsbrtant orbitals in a molecules are the frontieslecular
orbitals, called highest occupied molecular orb{tdDMO) and lowest unoccupied molecular orbital {1O).

These orbitals determine the way the molecule actsrwith other species. We have calculated theggrgap of
the charge complexes figure and the complexes legtweem figure (4), which support the idea thatah#ine, 2-
tolidine, 4-toluidine, 2-aminothiazol and 8-hydrdoyinoline act as donors due to high electron dgnshile p-

benzoqunone act as acceptors. The reduced HOMO@ Ehergy gap of p-benzoquinone with this donoraels

as the charge transfer of chloranilic acid withdreec1,6-diol (46). The order of stability can benswarized as; An-
Bg> 2-Tol-Bq > 2-At-Bg>8-Hqg-Bg>4-Tol-Bq.

Table 5. HOMO, LUMO and energy gap values of CT-comlexes in eV

Compound | LUMO | HOMO | Energy gap
An-Bg -9.427 | -10.623 -1.196
4-Tol-Bg -3.595 | -11.690 -8.365

2-Tol-Bg -8.474 | -9.782 -1.308
8-Hg-Bg -5.458 | -8.126 -2.668
2-At-Bg 0.373 -2.21 -2.583

HOMO LUM HOMO LUMO
An An-Bg
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HOMO LUMO HOMO LUMO
4-Tol 4-Tol-Bq

HOMO LUMO HOMO LUMO
2-Tol 2-Tol-Bq

HOMO LUMO HOMO LUMO
8-Hg 8-Hg-Bq

.,
22

HOMO LUMO HOMO LUMO
2-At 2-At-Bq

Figure 4. HOMO, LUMO and energy gap values of dons and CT-complex in eV.(Red color represents gaiim electron density and
blue color represents loss of electron density)

CONCLUSION
The interaction between 1,4-benzoquinone with @a@jli 2-tolidine, 4-toluidine, 2-aminothiazol and 8-

hydroxylquinoline has been discussed in the satid solution form!HNMR, Infrared and electronic absorption
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spectra investigation indicate that a charge teanisiteraction between the donor and acceptor aeetan — n*
and/or n— z* transitions. The formation constant, extinctiooefficient, free energy, ionization potential and
transition energy of the associated charge trarsfmplexes were calculated. The HOMO, LUMO andrgwilts
of the energy gap values are reported.
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