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Abstract
New azo dye was prepared from 4,4-diaminodiphenyl sulfonate with 4-Acetyl
aminophenol. The dye prepared by fox method, the azo dye were identified by
IR–spectrophotometer and (CHN) analysis. Polyvinylpyrrolidone films of thickness 32 𝜇𝜇𝜇𝜇
was prepared onto quartz substrate. The optical constants of the film were investigated by
spectrophotometric measurement. The refractive index, extinction coffesiont and optical band
gap (E g ) are determined using the transmittance (T) and reflectance (R) in the spectra
wavelength (340-700) nm.
Keywords: Optical azo dyes .
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Introduction:
Azo dye has received great attention
due to its environmental stability, ease of
preparation and its optical and electrical
properties. Much work has been done on the
molecular design, synthesis, and assembly
of structures with desired properties [1-5].
The N=N group is called an azo or diimide
functional group, and the R and ′ Rgroups
of azo compounds are often aromatic or
aliphatic. This helps to stabilize the N=N
group by making it a part of an extended
delocalized system. This also has the effect
of making many azo compounds colored, as
delocalized or conjugated systems often
absorb visible frequencies. Due to its
conjugated structure and richness in 16π
electrons azo dye received considerable

attention in many areas of modern
chemistry and physics of the condensed
matter owing to the electronic properties [67].
Optical tests giving transmittance and
reflectance spectra provide the data to
determine optical constants such as
refractive index, extinction coefficient and
dielectric constant [8].it has been shown[9]
that the analysis of optical absorption could
provide useful in information to the
elucidation of electronic structure of
material .Other analysis showed that
optical absorption spectra could provide the
necessary parameters to determine direct
and indirect transition occurring in the band
gaps of the materials [10]
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The goal of the present work is the
study of the optical properties of
(4-Acetylaminophenol–[2-(4-Azo)]-4Experimental
Chemical Material
Methanol, acetone, dimethylsulfoxied,
4,4-Diaminodiphenyl sulfonate, sodium
hydroxide
from
(Fluka
Co.),
4Acetylaminophenol,
sodium
nitrite,
hydrochloric acid from (Merck Co.), were
puritied befor using [11]. IR spectrum were
recorded on a Buck Scientific Model 500.
IR spectrophotometer using a KBr disc in
the range (500–4000)𝑐𝑐𝑐𝑐−1 . The melting
point of the compound were determined
with a 9300 Model – Electro thermal
melting point.The spectrum of absorbance
Method
A- Synthesis of the Azo Dyes
The proposed azo dyes were prepared
by a method similar to that described by
Fox [12].Step (1) (0.006mole, 1.4899g) of
4,4-Diaminodiphenyl sulfonate
was
dissolved in 2ml of concentration. HCl and
then 10ml of D.water was added, the
mixture was stirrer and kept in ice bath.
0.456g of 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁2 was dissolved in about
5ml of distilud water and kept in ice bath.
Diazonium salt was prepared by adding
sodium nitrite solution. In step (2) dropwise
to the cold solution of amine in the step (1)
with stirring and keeping the temperature
(0-5) oC. Coupler was prepared by
dissolving (0.006mole, 1.4355g) of 4-

Aminodiphenyl
sulfonate)(AAS):
Polyvinylpyrrolidone (PVP) films in the
wavelength range (340-700) nm.

(A), transmittance (T) and reflectance (R) of
(AAS): PVP of the films were recorded by
CE-3055 PC dual beam Reflactophotometer
in the wavelength (340-700) nm. IR, UVVisible spectrophotometer and melting
point was performed by Chemistry
Department – Education College – Basrah
University. Elemental analysis (CHN) of the
compounds were determined with Euro
Vector EA 3000A Italy was performed by
al-bayt University.

Acetylaminophenol in 25% sodium
hydroxide solution and keeping in ice bath.
The diazonium salt was added drop wisely
to the couplers with constant stirring,
keeping the temperature below 5oC; the
dyes were neutralized with dilute
hydrochloric acid solution. The product dye
was re-crystallized from acetone the purity
of the azo dye is yellow and the yield is
2.266 g (92%) with metallic point of 272
°
𝐶𝐶 . Azo dye have been characterized by IR
spectra. The structure of the azo dye is
shown in Figure ( 1).
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Figure (1): The chemical of structure of the prepared azo dye
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B- Film preparation
The azo dye polymer film was prepared
by dissolving 0.2 g azo dye was dissolved
in 1 ml of DMSO and then diluit the
solution to 20 ml of distilled water and 0.1 g
PVP was dissolved in 20 ml of distilled
water and then mixed the azo dye solution
in the ratio of (1:1) V/ V. Then the mixture

was stirred at 70 C° for 1h, then the mixture
was filtered by the filter paper of 0.2 µm.
We attended the quartz and used spray
method to cast film with thickness of 32
µm. Finally, the preared film was heated
from room temperature to 50 Co for 4 hrs to
evaporate the solvent used.
P

Result and Discussion
The azo dye was identified by IR
spectroscopy in the range (500–4000)𝑐𝑐𝑐𝑐−1
as KBr discs (Figure 2). The stretching
vibration of the OH groups which appeared
in the region of (3450-3460) 𝑐𝑐𝑐𝑐−1 .The
band shows broad appearance due to its
relatively low frequency. It can be
concluded that the (-OH) groups may form
a hydrogen bond with nitrogen atom. Also
azo dye show two absorption band (34303440) 𝑐𝑐𝑐𝑐−1 which may be attributed to the
υ (-NH 2 ) group,which overlap with the
R

P

streting vibration of the OH groups. The
band shows broad appearance due to its
relatively low frequency.. The band
corresponding to (-N=N-) stretching
vibration usually lies around (1440) 𝑐𝑐𝑐𝑐−1
[13], the (-C=C-) stretching vibration of the
aromatic ring appeared at (1580-1600)
𝑐𝑐𝑐𝑐−1 . Stretching vibration of the (-C-H-)
aromatic appears at (3085) 𝑐𝑐𝑐𝑐−1 [14,15]
The all mentioned bands were shown is
table (1).1

R

Table 1: IR, C.H.N data for azo dye compound
(br:broad,s:sharp,m:medium,w:weak)

Compound

Azo dys

Wave numbers ( 𝑐𝑐𝑐𝑐−1 )

Calculated (Found)(%)

υ O-H
m

υ N-H
br

υ C=C
m

υ N=N
s

υ C-H
m

C

H

N

3450-3460

3430-3440

1600-1580

1440

3085

57.27
(57.23)

4.55
(4.34)

14.06
(13.98)

68

A Majeed :Synthesis and Study of Optical Pr oper ties for (4-Acetyl am inophenol –[2-(4-Azo)]-4-…

Figure ( 2): IR-spectrum of azo dye

The
optical
Absorption,
Transmittance and Reflectance spectral is
measured at
(340–700)nm to the (AAS):
PVP film prepared on the quartz substrates
are depicted in the figure (3a) and (3b) .
Figure (3a) show the absorbance(A)
spectrum in the UV range, the maximum
absorption observed at wavelength reign
(340-380 nm) and then it decreases to zero
at wavelength > 550 nm, the absorption
edges of the films occurs at wavelength

region (500-550 nm) corresponding to
photon energy (2.25-2.48 eV) ,while the
figure (3b) show the transmittance spectrum
increase in the wavelength range (340-550
nm) and the curves reach’s saturation above
550 nm and the average transmittance of the
films is 80% and show the reflectance
spectrum and it has maximum value at
region (340-355 nm) and its decreasing in
the wavelength region (355-550 nm).

(a)

(b)

Figure.(3) (a) The optical absorbance spectra and (b) Transmittance and Reflectance spectral vs. wavelength
of the (AAS):PVP film .
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The optical band gap and the nature of
optical transitions can be obtained from the
dependence of the absorption coefficient on
the photon energy. The optical absorption
coefficient of the film was calculated from
1
1
the relationship (𝛼𝛼 = 𝑑𝑑 ln
(𝑇𝑇 ) ) [16]where
(T) is the transmittance of the film and (𝑑𝑑)
is its thickness . The optical absorption
edge was analyzed by the Tauc power law
[17] for the direct optical transition
according to the value of r as follows in
equation (1).
αhυ = B (hv − E g ) r

.

(1)
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Where B is a constant (the edge width
parameter representing the film quality) , r
is an index that characterizes the optical
absorption process and is theoretically equal
to 1/2 and 2, for the direct allowed and
indirect allowed transitions respectively, E g
is the optical energy gap [18]. We plotted
(αhν)0.5 and (αhν)2 as functions of photon
energy, as shown in Figure (6a , 6b). Thus,
the direct and indirect optical band gap was
determined by the intercept on the energy
by extrapolating the linear part of the curve
to zero absorption value and we found
values of direct and indirect energy gap (
E gd , E gind ) equal to 2.8, 3.2 respectively

Figure(6) (a) plot (𝛂𝛂𝛂𝛂𝛂𝛂)𝟎𝟎.𝟓𝟓 as a function to photon energy of the prepared film (b) Plot (𝛂𝛂𝛂𝛂𝛂𝛂)𝟐𝟐 as a function to
photon energy of the prepared film.

The refraction index of the (AAS): PVP films is given by the following equation (2)
[16].
4R
1+ R
)+ (
− k2)
2
(1 − R)
1− R

n=(

(2)

Figure (7) Plot of k as a function of wavelength for of the
(AAS): PVP film

Figure (8) Refraction index (n) as a function of
wavelength of the (AAS): PVP film
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2𝜋𝜋

with the variation of the wavelength of the
incident light beam due to these
interactions, in another word, one is the
optical loss caused by absorption and
scattering, which decreases the amplitudes
of the transmission intensity oscillations at
shorter wavelengths.

Where 𝑘𝑘 = 𝜆𝜆
is the extinction
coefficient which show in the Figure (7) and
we notes that the refractive index decreases
with increasing the wavelength as shown in
the Figure(8), the decrease in the value of
refractive index is due to that some
interactions takes place between photons
and electrons. The refractive index changes
Conclusions
The optical properties of the (AAS):
PVP film prepared on the quartz substrate
were investigated. The direct and indirect
energy gaps of the film changes found to be
3.2 and 2.8 (eV) respectively for (AAS):

PVP. The film prepared on quartz substrate
exhibit strong interaction between photons
and electron so this reflects high optical
response.
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ﺘﺤﻀﻴر ودراﺴﺔ اﻟﺨﺼﺎﺌص اﻟﺒﺼرﻴﺔ ﻟﻔﻠم رﻗﻴق ﻤن )  -4اﺴﻴﺘﺎﻴﻝ أﻤﻴﻨو ﻓﻴﻨوﻝ  -4) -2] -أزو( [ -4-اﻤﻴﻨو
ﺜﻨﺎﺌﻲ ﻓﻴﻨﺎﻴﻝ ﺴﻠﻔوﻨﻴت ) (AASﻤﻊ ﺒوﻟﻲ ﻓﻴﻨﺎﻴﻝ ﺒﻴروﻟﻴدون ) (PVPﻤﺤﻀرة ﻋﻠﻰ ﻗﺎﻋدة ﻤن اﻟﻛوارﺘز
ﺤﺴﻨﻴن ﻋﺒد اﻟﺼﻤد ﻋﺒد اﻟﻤﺠﻴد

ﻗﺴم اﻟﻛﻴﻤﻴﺎء  -ﻛﻠﻴﺔ اﻟﺘرﺒﻴﺔ  -ﺠﺎﻤﻌﺔ اﻟﺒﺼرة
اﻟﻌراق  -اﻟﺒﺼرة

اﻟﻤﺴﺘﺨﻠص

ﺘم ﺘﺤﻀﻴر ﺼﺒﻐﺔ ازوﻴﺔ ﺠدﻴدة ﻤﺸﺘﻘﺔ ﻤن  4,4ﺜﻨﺎﺌﻲ أﻤﻴﻨو ﺜﻨﺎﺌﻲ ﻓﻴﻨﺎﻴﻝ ﺴﻠﻔوﻨﻴت ﻤﻊ  -4اﺴﻴﺘﺎﻴﻝ أﻤﻴﻨو ﻓﻴﻨوﻝ ﺒطرﻴﻘﺔ

ﻓوﻛس .ﺸﺨﺼت اﻟﺼﺒﻐﺔ اﻟﻤﺤﻀرة ﺒﺎﺴﺘﺨدام طﻴف اﻷﺸﻌﺔ ﺘﺤت اﻟﺤﻤراء واﻟﺘﺤﻠﻴﻝ اﻟدﻗﻴق ﻟﻠﻌﻨﺎﺼر.درﺴت اﻟﺨﺼﺎﺌص
اﻟﺒﺼرﻴﺔ ﻟﻔﻠم رﻗﻴق ﻤن ﻫذﻩ اﻟﺼﺒﻐﺔ اﻻزوﻴﺔ ﻤﻊ ﺒوﻟﻲ ﻓﻴﻨﻴﻝ ﺒﻴروﻟﻴدون ﻤﺤﻀرة ﻋﻠﻰ ﻗﺎﻋدة ﻤن اﻟﻛوارﺘز  .ﺠﻤﻴﻊ اﻟﺜواﺒت
اﻟﺒﺼرﻴﺔ ﺘم ﺤﺴﺎﺒﻬﺎ ﺒﺎﻻﻋﺘﻤﺎد ﻋﻠﻰ اﻟﻘﻴﺎﺴﺎت اﻟطﻴﻔﻴﺔ ﻟﻠﻨﻔﺎذﻴﺔ اﻻﻨﻌﻛﺎﺴﻴﺔ  .اﻟﻨﺘﺎﺌﺞ اﻟﻌﻤﻠﻴﺔ أظﻬرت أن ﻫذﻩ اﻟﺼﺒﻐﺔ ذات

ﻓﺠوة طﺎﻗﺔ ﻋﺎﻟﻴﺔ ﻨﺴﺒﻴﺎ ﺘﻘﻊ ﻀﻤن ﺤدود ﻓﺠوات اﻟطﺎﻗﺔ ﻟﻠﻤواد ﺸﺒﻪ اﻟﻤوﺼﻠﺔ.
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