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ABSTRACT KEYWORDS
Four novel aromatic hydrazones not hydrolysed under ordinary condi- Hydrazones;
tions were synthesized in this research by condensation reactions be- Charge-transfer complexes;
tween 2,4-dinitrophenylhydrazine: firstly with 2,4,4¢- Polar and non-polar organic
trihydroxybenzophenone to give 1, secondly with p- solvents.
hydroxybenzophenone to give |II, thirdly with p-

dimethylaminobenzaldhyde to give Ill and fourthly with p-
aminobenzaldehyde to give V. The molecular structures of these aro-
matic hydrazones obtained were characterized based on melting points,
elemental analysis and UV-Visible spectra. The electronic absorption
spectra of hydrazones obtained were studied in different solvents of
ethanol, DMF ((CH,) ,NCHO), water, chloroform, carbon tetrachloride and
cyclohexane. The appeared absorption bands in ethanol solvent were
attributed to corresponding electronic transitions, and discussed. The
absorption bands at 291 to 411 nm obtained in electronic spectra of the
synthesized new aromatic hydrazones were attributed to (=—n*) transi-
tion which arise from substituted aromatic benzophenone or benzalde-
hyde rings and directed along of molecule in hydrazones. These transi-
tions are supposed to represent the intramolecular charge-transfer (CT)
complexes bands in which the substituted two halves of benzophenone
and benzaldehyde rings are as charge donors and the substituted phe-
nylhydrazine ring is the charge acceptor. Also, the effect of non-polar
and polar solvents on the electronic spectra have measured and dis-
cussed. The physical-spectroscopic coefficients in molecular structural
shapesof intraCT complexes molecules such astransition energies (E..,),
molar extinction coefficients (g ,), molecular oscillator strength (£ ), tran-
sition molecular dipole moment (p.,) and molecular resonance energy
(Eg) have been calculated and discussed.
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INTRODUCTION Schiff basescompounds, where preparedin 1864 by a
German chemist, Hugo Schiff, Nobel Prizewinner(d,
Hydrazones are an important species of organic  These compounds are prepared from condensation of
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hydrazine compoundswith carbonyl compoundssuch
asbenzophenones, acetophenones or benzal dehydes.
Structurdly, hydrazone compound which a so known
ashydrazoneclassisan analogue of ddehydeor ketone
of ddehyde or ketonein which the carbonyl group will
be replaced by an hydrazone group (CH=N-NH,
C=N-NH-)23, The preparation of hydrazones is
revers blereactionsand takes place under acid cataysis
or by direct fusion*9. Inrecent years, hydrazoneshave
been shown to a wide range of biological activity,
including antibacterid, antifungd, antivira, anticancer,
antimonid, antiprotiferate, anti-inflammeatory, antipyretic
and Biocidal properties™Y. Thehydrazonegroupin
hydrazones have been shown to be decisiveto their
biologicd activities'>13, Hydrazonesareaset of organic
intermediateswhich areused dsointhesynthesisand
chemica anaysis. They are used in the production of
the medications and agrochemical industry. The
trangtionedementsand theother cartainmetdlo-dements
are known to form aromatic hydrazones
complexed*13, Arometic hydrazonesbehave asflexi-
dentate ligands and ordinarily coordinate through
nitrogen atom of hydrazone group, oxygen atom of the
de-pronated phenolic group and other donor atomg*¢l.
Charge-transfer complexes of hydrazones are great
importance in chemical interaction, including
intramolecular charge-transfer complexes, biochemica
and bioelectrochemical energy transfer processes,
biological systems, drugs- acceptors binding
mechanisms and medi cationsanalysis*?. Moreover,
charge-transfer complexationsareof great importance
inmany applicationsand fields, such asconductivities
of materids, optica activities, surface chemistry, solar
energy storage, semiconductorsand investigations of
redox processes??¥, Based on this, we decided
preparation novel aromatic hydrazones are not
hydrolysed under ordinary condition, and derived of
2,4,4‘-trihydroxybenzophenone, 4-
hydroxybenzophenone, 4-dimethyl aminobenz d dehyde
and  4-aminobenzaldehyde with  2,4-
dinitrophenylhydrazine may fit-those purpose, then
characterization of molecular structuresby elementa
anaysis (CHN) and UV-Visible. The study is aso
including explanation of electronic transitions,
determination of the physi cal spectroscopic coefficients
andther discussion.
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EXPERIMENTAL

Chemical materials

The chemicalsusedin thisresearch wereof high
purity degreeand were used without purification. The
solvents of ethanol and methanol were used of Analar
grade and supplied by Fluka Company, while the
solvents of cyclohexane, carbon, tetrachloride,
chloroform and dimethylformamide (DMF) were of
Spectroscopic gradewere supplied by BDH Company.
Organic compoundsof p-hydroxybenzophenone (98%
purity grade) and 2,4-dinitrophenylhydrazine (99%
purity grade) were supplied by Merck Company, p-
Aminobenza dehydeand p-dimethylaminobenza dhyde
(99% purity grade) were supplied by BDH Company,
while 2,4,4‘-trihydroxybenzophenone (98% purity
grade) was supplied by INC Company.

Instruments

Melting pointswererecorded using Gallenkamp
melting points apparatusfrom Varian Company which
measuresthe extent to 280°C. Theeementa anayses
(carbon, hydrogen and nitrogen elements) were
determined using aPerkin-Elmer CHN 2400 (USA).
The electronic absorption spectrawere recorded in
different solventsover wavelength range of 190-900nm
by the Varian DM S 100 UV-Visible double-beam
spectrophotometer.

Synthesisof hydrazones

Four new aromatic hydrazoneswere prepared as
follows: (1) hydrazone | was prepared by mixing
equimolar amountsof 2,4-dinitrophenylhydrazine(m.p.
197-200 °C) and 2,4,4‘-trihydroxybenzophenone
(m.p. 196-197°C), both dissolved in 25 ml ethanol
solvent then added two drops of concentrated HCI.
Thereaction mixturewas heat under back reflux for 7
hour, after cooling maroon crystal s product was sepa-
rated, then filtered. The solid product wasrecrystal -
lized by ethanol, then dried. Melting point of | wasre-
corded higher than 280°C. Hydrazone Il prepared by
mixing equimolar amountsaf 2,4-dinitrophenylhydrazine
and p-hydroxybenzophenone (m.p. 110-112°C), both
dissolvedin25ml ethanol solvent and added two drops
of concentrated HCI. Thereaction mixture heated un-
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der back reflux for 1.5 hour, after cooling orange pre-
Cipitatewas separated, then filtered. Thesolid precipi-
tatewasrecrystallized by ethanol, and then dried. Méelt-
ing point of Il wasrecorded 218-220°C. Hydrazone
[l prepared by mixing equimolar amounts of 2,4-
dinitrophenylhydrazine and p-
dimethylaminobenza dhyde (m.p. 73-75°C), both dis-
solved in 30 ml methanol solvent and then added 3
dropsnearly of concentrated HCI. Thereaction mix-
ture heated under back reflux for 1.5 hour, after cool-
ing black precipitatewas separated in solution, and then
filtered. Theblack precipitatewascrystalized by metha
nol, then dried. Melting point of |11 wasrecorded than
235-237°C. Hydrazone IV was prepared by mixing
equimolar amountsof 2,4-dinitrophenylhydrazineand
p-aminobenzaldehyde (m.p. 165-168°C), both dis-
solvedin 30 ml methanol solvent and added two drops
of concentrated HCI. Thereaction mixture heated un-
der back reflux for 1.5 hour, after cooling black brown
precipitatewas separated in solution, then filtered and
washed by cyclohexane. Theblack brown precipitate
wasrecrystalized by methanol, and thendried. Mdting
point of 1V wasrecorded higher than 184-186°C. The
molecular Sructures of these hydrazones characterized
andidentified by their meting points, d ementd andysis
(CHN) and UV-Visible.

Prepar ation of samplessolutions

Standard solutions were prepared for spectral
measurements of the materialsthat included in this
research from 2,4-dinitrophenylhydrazine, aromatic

carbonylsderivatives and the prepared new aromatic
hydrazones in gravimetric method. We weight the
reguired amountsfrom solutesubstanceincertainvolume
of proper solventin volumetric flask to preparestandard
stock solution, than prepare different concentrationsfor
spectra measurement in UV-Visi ble spectroscopy by
dilution method from standard solution.

RESULTSAND DISCUSSION

Chemigtry and characterization

Nove four hydrazoneshavebeen synthes zed from
the condensation 2,4-dinitrophenyl hydrazine with
2,4,4‘-trihydroxybenzophenone, p—
hydroxybenzophenone, p-dimethylamino benza dehyde
and p-aminobenza dehyde (Schemel). They arestable
a roomtemperatureand commonly solublein methanal,
ethanol, water and dimethylformamide. Theelementa
analysis, yield percentage physical state, color and
melting point of these hydrazones|-1V arepresentedin
TABLE 1.

From melting pointsin TABLE 1, it isexpected
that therein hydrazonel bothinter- and intramol ecular
hydrogen bonds because of three hydroxyl groupsin
ortho- and para- positionson the phenyl groups. Itis
known that intermol ecular hydrogen bonding increase
themelting point of the organic compounds?4. Also,
the melting point of the hydrazonel, Il and I11, > 280,
218 and 235°C respectively, arehigher than hydrazone
IV. However, melting point of hydrazonelV islower
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Scheme1: Synthesisof new hydrazones
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TABLE 1: Physical characterization and elemental analysis CHN data of new hydrazones| —

CHN Elementsanalysis

formula and M .wt Physical state and % (m.p/ (Calculated)
Hydrazones Jg.mol ~* (Color) Yidd  °C)
C% H% N%
CroHuNO; Crystdls 55.56 335 13.70
| 87 (>280)
410.36 (maroon) (55.61) (3.41) (13.66)
CioH14N4Osg Crystal S (218— 60.38 3.65 14.75
I 85
378.36 ( orange) 2200 (e032) (370)  (14.81)
Ci5H15N504 Crystal S (235_ 54.64 4.50 21.35
1l 76
320.33 ( black) 237) (5471 (456)  (21.28)
CusH1NsOs Crystal (84  5L69 358 22.99
v 91
301.28 (black brown) 186) (5183 (365)  (23.26)

(184°C) than hydrazone | which include intra- and
intermol ecular hydrogen bonding. Some substituted
aromatic hydrazones exhibit the ketamine tautomeric
shapes and their common feature is presence of the
substituted hydroxyl or amino group onthearomatic
ringt?4. Thelow melting point of hydrazonelV may be
explained by (1) and (I1) tautomerism shapesas shown

ottt S, B 8

1

Electronlcspectraand their explanatl(o)n

Figure (1) to (4) represent the e ectronic spectraof
the synthesi zed new arométi ¢ hydrazoneswhich contain
on substituted phenyl rings with hydroxyl,
dimethylamino, amino or nitro and azomethinegroups.
TABLE (2) showsadl theabsorption bandsof dectronic
trangtion. These absorption bandscan beexplained as
follows: The absorption band at 198, 197, 201 and
201nminthee ectronic spectraof | to IV respectively,
all these represent the local excitations (m — n*)
transitions of the substituted phenyl rings, which
correspond thetransition (‘A , — 'E, ) at 184nm of
benzenering®2>27, and support that in thiswork are
absorptionintensitiesof these bands decreasesfor their
vauescompared withtheintengty va ueat 184nm (6000

m?.mol) of benzenering®29, This can beexplained
dueto azomethineand nitro groups presencewhich do
asdectron-withdrawing groupsand causean inductive

Absartence

0.0 —— =
180 262 334 406 478 &850
Wavrelength /nm

Figurel: Electronicspectrumof | in ethanol (1) 1.998* 10
%, (2) 3.996* 105,(3) 5.994 * 10°, (4) 7.992* 10° mol. dm™|
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W avelength / nm

Figure2
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effectineach of | to |V, hencedecreasesthetransition
intengitieson thearometi c substituted phenyl ringg®2,

Mworksnce

e e “-:‘lj‘:algtl: ‘j"ﬁuxn o .
Figure3: Electronicspectrumof |11 in ethanol. [(1) 2.256 *
104, (2) 3.384 * 10%, (3) 3.572 * 10*, (4) 3.760 * 10* mol.

dm?|

";" 1.
.|
z
—T L | L
199 26 334 408 478
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Diraction of intra- CT

Intra-CT in || obtainsin asimilar tointra-aCT of |

O,N e
‘O
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(HsC)z N C=N-N N
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©

Diraction of intra- CT

Intra-CT in IV obtainsin asimilar tointra-aCT of |11

The absorption bands 207, 217 and 222 nm all
shoulders in electronic spectra of I, Il and 1V
respectively represent the local excitations (t—n*)
trangtionsof substituted phenyl ringswhich correspond
the electronic transition (1A1g — 'B, ) a 203nm of
benzenering®. Wethink that the absorption bandsfor
thistrangtionin il did not appearsbecauseitsintensity
can be submerged under B-band or /and K -band(?>27,
Theabsorption bandsat 224, 244, 241 and 242nm as
shoulder in theelectronic spectraof Schiff bases| to
IV respectively, represent thelocal excitations (r —
7*) transitions of substituted phenyl rings which
correspond the el ectronic transition (1A1g —'B,) a
256nm of benzene molecul €%, while the bands at
(298, 293), (291, 385), (314, 411) and (320, 406) nm
in electronic spectraof | to IV respectively, al these
bands represent (=— n*) transitions which are
originated from substituted groupsas e ectron-donating
groupson carbonylicring, and extended over thewhole
hydrazones mol ecul e to substituted to nitro groupsas
el ectron-withdrawing groups on the hydrazi ne phenyl
rings. The presence of oneor more hydroxyl groupin
the ortho or paraposition or both and dimethylamino
or amino group at the paraposition in the hydrazone
molecule enhances such transition?>?1, Theses
absorption bandscan suggest thereduetointramol ecular
charge transfer effect of the formed molecular

Molecular chromophore (CTC) which absorbsthelight at 298, 395nm

KS)
O2N o
Ho ®/
(HsC)2 N C—N=N =N
H N\ -©
Ne)

Molecular chromophore (CTC) which absor bsthe
light at 291, 385nm

Scheme?2: Intramolecular charge-transfer in thesynthesized aromatic hydrazones
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TABLE 2: Electronic spectrabandsdata of theprepar ed aromatic hydrazonesin ethanol solvent attemper ature 20°C

Hydrazones A max/nm (& M?. mol™)

| 198 (3620 = 90) sh.244(1750= 60) $h.298(910+30) 395 (2190+40)
sh. 207(3250+70)

I 197 (3880 + 100) sh.244(1890=70) sh. 291(920+40) 385 (2830 + 80)
sh.217 (2480+50)

i 201 (430 + 30) sh.241(120+10) 314(120+5) 411 (220 + 10)

v 200 (3020 + 110) sh.242 (1790+60) sh.330(1360+20) 406 (2490 = 30)
sh.222 (2360+90)

... wavelength of absorption maximum, g: Extinction coefficient and sh. : shoulder

chromophorewhichincludes e ectron donor part and
electron acceptor part within the same molecule of
hydrazone. Theseintracharge-trandfer datesaresmilarly
to theintracharge-transfer in p-nitroaniline molecule
which absorbs the light at 376nm as follows?-%,
Scheme 2 represents molecular chromophores of
intramolecular charge-transfer complexes in the
synthesized new aromatic after light absorption of
hydrazones.

Spectroscopic-physical coefficients of infra CT
complexes

The spectroscopic and physical coefficients of
intracharge-transfer complexes in | to 1V, such as
trandtionenergy (E_,), molar extinction coefficient (¢ ),
themolecular osaillaestrength (f ), transitionmolecular
dipole moment (u_,), resonance energy (E,) in the
molecular structure shape of intracharge-transfer
complex molecule. Theseparameterswerecal culated
andinsertedinTABLE 4for | tolV dissolvedin ethanol
solvent at 20°C. All values have been appointed by
charge-transfer bandwith least energy intheelectronic
gpectraof I-1V asshownintheFigures(1) to (4). The
transition energy of the (1 — =*) transition at
intracharge-transfer band was calculated using the
conversion factor between the energy by el ectron volt
unit (eV) and wavelength (A ;) by nanometer (nm) as
showninequation(1).

E. (eV)=1240.8(nm.eV)/}__(nm) (@)

Themolecular oscillate strength at excited state of

the intracharge-transfer complex molecule has been
estimated using gpproximateformulaby equetion (2)%,
fo =4319* 10°CT. AU, @)

Where AU, is the half band width and ¢_, is the
extinction coefficient. Thevadue(4.319* 10°) inequation

(1) isnumber without units. When unitsof e and AU,
,are(l.mol*.cm™) and (cm™) respectively, the units of
fo in equation (2) becomes (I.mol-*.cm?). The
molecular oscillator strength represents quantitative
measurement of adimensionless used to expressthe
€l ectronic charge-transfer probability from HOMO of
electron donor part to LUM O of el ectron acceptor part
within the molecular structure of intracharge-transfer
complex molecul €%, Thetransgition molecular dipole
moment at excited state of the intracharge-transfer
complex molecule hasbeen cd culated by theequation

3

Her = 9.582 = 1072

1/2

©)

Where U, isthewavenumber of charge-transfer band.
Thevaue 9.582* 102 isconstant by unit (Debye. | V2,
mol 2. cm*?). Whenthevaluesunitsof €_, (I.cm™.mol-

1), 0, (cm?) and AU, (cm?), theunit of p_ becomes
(Debye). vaueof transition molecular dipole moment
reflects quantitative measurement for theintracharge-
trander overlgprange and thedirectionwhich givesthe
polarization of thetrangition, in addition to determines
how the molecular system will interact with an

el ectromagnetic wave, whilethe square of thevalue

( Ecr - AD )

Uy
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TABLE 3: Thevaluesof transition ener gy, oscillate strength and valuesof transition dipole moment of intramolecular CT
complexesfor the synthesized aromatic hydrazones!-1V in ethanol solvent and temper atur e 20°C

gt/ - fer!
Hydra--zones Ayna/NM  hvucr/ €V AU 1/ om? pcr/ Debye Egr/ eV
dm®mol™. cm? cm.molecule* 107
| 395 3.141 21923 7207 1.134 7.570 0.897
1 385 3.223 28323 6156 1.251 7.851 0.921
11 411 3.019 2223 8143 0.130 2.614 0.863
v 406 3.056 24852 6956 1.241 8.029 0.873

(n?,) reflectsthestrength of theinteractionduetothe  chromophore . The molecular resonance energy at
distribution of chargewithinthe sructureof molecular  ground state of the intramolecular charge-transfer

HO
on ON -.@ RS
. .. (or/and —N_.O

/E

for= 1 134x 10%* cm. molecule-1
HcT = 7.570 Debye
Eg = 0.897 eV

o
‘ / o =<:>: O;Cg/

for= 0 130 x 10~**cm.molecule-1

I -
for =1.251 x 10%*cm. molecule-1 Kt = 2.614 Debye
ier =7.851 Debye Ex = 0.863 eV
Er=0.921 eV

O,N
2 ©

)
for=1241x10%cm. molecule-1
Hct = 8.029 Debye
Er=0.873¢eV
Scheme3: Molecular structuresof intramolecular CT complexesof hydrazones| tolV which responsblefor light absorption

and valuesof physical parameters
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TABLE 4: Variation of red shift (Afycm'l) with dielectric congtant of thesolvent (g*) for highest wavelength absor ption band
in different solvent at temper ature 20°C(h_./nm, ﬁCT/cm'l)

| [l 11 IV
Solvent _ A _ _ _ _ _ _
& der U 0 Aer WUer Uacr 21 Uer WA 21 Uer UAg
CT
Cyclo-CeHy, 2023 389 25710 000 377 26530 000 407 24570 000 390 25640 000
ccl, 2238 390 25640 70 378 26460 70 408 24510 60 391 25580 60
CHCls 4720 391 25580 130 380 26320 210 409 24450 120 392 25510 130
C,HsOH 2433 395 25320 390 385 25970 560 411 24330 240 406 24630 1010
(CH5),NCHO 3671 405 24700 1010 386 25910 620 413 24210 360 408 24510 1130
H,0 7854 420 23810 1900 389 25710 820 417 23980 590 413 24210 1430
200 : Wherevaue(7.7* 10%) isthesameunit of ¢, (dm*.moal-
ierod I t.cm?), whilethevalue (3.5) isnumber without units.
. ] When unit of (hv ) iselectron volt, theunit of E in
Basae] equation (4) becomes (eV). Molecular resonance
- . s carnen meaecneniae | ENEQy vauereflectsobvioudy ascontributing factor to
& 760 2 Bhonet stability of the molecular chromophores of
5 b intramol ecular charge-transfer compl leculg®
5 Woaser g plex molecul €.
Returningto TABLE 3, thevauesof the(u,,;) and
; i i _ (Ey) reflect therel ative stability of intracharge-transfer

¥ ¥
L] id 32 45 a4 50
Dielectric constant

Figure5: Therelationship between dielectric constant and
red shiftsfor |

491+ Carban tetrachlaride

Chlaraform
Ethanal
DMF
Woater

(LT T

Rec sl / ¢ il

0 16 32 45 a4 50
Dielectric constant

Figure6: Therelationship between dielectric constant and
red shift for 11

complex molecule in has been estimated by the
theoretical equation (4)!3.

| DY

7.7 107 + (3.5 00 )

a E ¢
ER =

(4)

complexes molecules and these valuesincreasewith
increasing the stability of the molecular chromophores
shapesfor hydrazonesmoleculesfrom |1 toll, aswell
asfromlll to 1V except molecular resonance energy
(E) vauedf lllisless. Thestahility of hydrazonelll is
less compared with hydrazone IV due to the steric
hindranceeffect of dimethyl groupswith unshared-pair
of electrons on nitrogen atom?. The results of the

90—

Carbaon tctrachlarids
Chlarafarm

Ethanal

DMF

W oater

P, |
Rodshifl fan

Ui b b -

118-

T TP T}
L] 16

T
32 4B 54 80
Dielectric consrante

Figure7: Therelationship between dielectric constant and
red shift for 111
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1430

11 44

Carbon tetrachloride
Chloraform

Ethanel

4 DMF

= Water

Diclcctric conmatant
Figure8: Therelationship between dielectric constant and
red shift for IV

(hv,;) and (e;) agreewell withthevaluesof (E.) and
(u;)- Thisagreement support theexplanation provided.
The relative high values of (f_,) and (u.,) for
intramolecular charge-transfer complexesin hydrazones
[, 1l and 1V suggested the formation of inner sphere
complexes(D*—A") intheexcited state, whilelower
va uesfor SB3 suggested theformation of outer sphere
complex (D*—A") in excited state’®. Scheme (3)
showsmolecular structuresof intramol ecular charge-
transfer complexesof | toV which canberesponsible
for light absorption, and theva uesof physicd parameters

(fCT’ Hers ER)'
Effect of solvent polarity on the electronic
trangtions

Clearly, the dataseem that the polar and nonpolar
solventshave not effect on the absorption band a 193-
263nmintheelectronic spectraof | to 1V, but thereis
marked effect on the longer wavel ength absorption
bands than 285 nm. TABLE (4) shows such effects

and Figures(5) to (8) illustrate that the red shift (AU) in
A, for longest wavel ength absorption band of I-IV.
Thered shiftincreaserapidly withincreasing dielectric
constant of thesolvent until thevalue (50) nearly for |,
(30) for I1, (10) for 111, and (24.33) for 1V, after that
theincrease becomesgradud tothevaueof water 76.5.

Theincrease of red shift (AU) with dielectric constant
of solvent may explained asfollows: After absorption
light, theexcited state of hydrazone molecule becomes
more polar than its ground state, therefore the polar
solvent stabilizesthe excited state by connection dipole
of hydrazonemoleculewith positiveand negativeends
of the solvent molecules. The more del ocalization of
thechargeintheexcited state of hydrazonemolecule,

Physical CHEMISTRY o

higher increaseof red shift (AU) with didlectric constant
occurs. Thiseffect isvery clear inall casesof I-1V. In
these molecules there are hydroxyl, amino and
dimethylamino groupswhichincressethedd ocdization
of the charge in hydrazone molecule and leading to
higher valuesof red Shift.

CONCLUSION

We observed from research data in this study,
existenceof intraCT complexeswithinthe molecular
shapes of these hydrazones. Thedectronic transitions
of intramolecular charge-transfer complexesare(n —
7*) trangtionsand direction of thesetrangtion originates
from el ectron-donating group (-OH, -NH., -N(CH,),)
and extended over thewholemol eculeto nitro groups
inthesearomatic hydrazonesmolecules.
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