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A new 8-hydroxyquinolin-1-ium(R)-thiazolidine-4-carboxylate and 8-hydroxyquinolin-1-ium2-carboxybenzoate
salts were synthesized, later, they were characterized using different spectroscopic techniques such as: UV–
Visible, FTIR and NMR. Then, the nonlinear optical
measurements were performed using single z-scan technique in order to determine the nonlinear optical absorption coefficient (β) and nonlinear refractive index (n2) of
the new ion liquid salts. The calculation of the 3rd order nonlinearity (χ3) indicates that the group of thiazolidine-4-carboxylate has
higher value than the carboxybenzoate. Our results allow us to propose these ionic liquids as good candidates for the development of
nonlinear optical devices.
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Many optical applications have motivated the
scientists to search for materials exhibiting nonlinear optical effects. The organic materials (OM)
with large nonlinear optical response has attracted
considerable attention to be used in different photonic applications.1-4 Among the different kinds of
the OM, a class of organic salts called ionic liquids
(IL), which have been widely used in many fields
such as: in catalysis,5 batteries,6 Nano-chemistry7
and nanoparticles.8 Recently, the investigations of
a new organic ionic liquid systems (using z-scan
technique) have been reported such as:
([BMI]BF4) and ([BMI]PF6),9 Quinotoxine salts1012
and (8-HQ) salts.13 However, the IL compounds
have large nonlinear optical responses, but, their
nonlinear optical properties are still under considerations.
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It was reported about designing, synthesizing of
new hybrid imidazole (benzimidazole) and pyridine (quinoline) derivatives.14 These new compounds are core scaffolds widely present in many
classes of drugs as well as various pharmacological
activities. The structure of imidazole is a planar
five-membered heterocyclic ring system with three
carbon and two nitrogen atoms, and the benzimidazole is bicyclic in nature which consists of the
fusion of benzene and imidazole. The heterocyclic
quinoline is a fusion of benzene and pyridine.
These ring systems are undoubtedly aromatic. So,
certain possible modifications on the heterocyclic
ring by the addition of diverse substituents may
lead to new products with better biological profiles.15
The simple z-scan setup16-17 has been used for
estimating the nonlinear optical coefficients “the
nonlinear optical refractive index (n2) and the nonlinear optical absorption (β)”. Continuing to our
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work on the ionic liquids, we have presented our
results concerning the investigations of spectroscopic characterizations and the nonlinear optical
properties of two 8-hydroxyquinolin-1-ium(R)thiazolidine-4-carboxylate and 8-hydroxyquinolin1-ium2-carboxybenzoate salts. To our knowledge,
there is no report of studying the two salts using
z-scan setup.

Spectroscopic data
IR (KBr, n,
3423 (COOH), 1603 (COO−).1H NMR
(400 MHz, DMSO-d6)d ppm 7.94-7.01 (m, 2H), 8.18-8.07 (m,
1H), 8.33 (dd, J = 8.34, 1.66 Hz, 2H), 8.56-8.48 (m, 4H), 8.668.57 (m, 1H), 8.84 (dd, J = 4.20, 1.66 Hz, 1H), 9.11-9.02 (m,
1H) 13C NMR (100 MHz, DMSO-d6) ppm 111.92, 118.23,
122.31, 128.08, 128.91, 129.30, 131.21, 133.36, 136.92,
138.56, 148.45, 153.56, 169.14.
cm-1):

2. NMR, FTIR and UV-Vis characterizations

EXPERIMENTAL
1. Materials and procedures
All reactions and manipulations were carried out in air
with reagent grade solvents. 8-hydroxyquinolin was purchased
from MERCK and (R)-thiazolidine-4-carboxylic acid was
purchased from MERCK. Phthalic acid was purchased from
FLUKA and used as received. IR spectrum was recorded on a
Jasco FTIR 300E instrument. 1H and 13C {1H} NMR spectra
were recorded on a Bruker Bio spin 400 spectrometer The
Ultra-Violet-Visible (UV-Vis) absorption spectrum was recorded in the wavelength range of 190-1100 nm using UV1601 PC Shimadzo Spectrophotometer.
For the synthesis of 8-hydroxyquinolin-1-ium(R)thiazolidine-4-carboxylate (I), a mixture of 8-hydroxyquinolin
(C9H7NO; 1 g, 6.9 mmol) and (R)-thiazolidine-4-carboxylic
acid. (C4H7NO2S; 0.9 g, 6.7 mmol) in 15 mL ethanol was
prepared, and agitated well for 2 h at room temperature. The
new solid product was separated by filtration and washed with
ethanol to give the product (I) in 35% yield, the melting point
was determined to be 198.50C.
Spectroscopic data
IR (KBr, n, cm-1): 3173 (OH) , 1508 (COO−); 1H NMR (400
MHz, DMSO-d6) 2.78-2.98 (m, 2H), 3.73-3.98 (m, 3H), 7.087.10 (m, 1H), 7.37-7.45 (m,2H), 7.51-7.64 (m,1H), 8.29-8.32
(m,1H), 8.83-8.84 (m,1H).
13C NMR (100 MHz, DMSO-d6)d ppm 35.45, 52.33, 69.45,
114.35, 119.15, 122.3 127.96, 129.62, 136.51., 138.90,
148.60, 173.4.
For the synthesis of 8-hydroxyquinolin-1-ium2-carboxybenzoate(II) 8-hydroxyquinolin (C9H7NO; 1. g, 6.8 mmol)
was added to phthalic acid (C8H6O4; 0.64 g, 3.8 mmol) in
15 ml ethanol, the mixture was stirred at room temperature for
2 h. The product was separated and washed with ethanol in
order to get the product (II) in 68% yield, the melting point
was determined to be 1300C.

8-hydroxyquinolin-1-ium(R)-thiazolidine-4-carboxylate
(I) was purely isolated as: white powder and it was characterized by multi-nuclear NMR, FTIR. The spectroscopic data
were very informative and consistent with the molecular structure of the product (Fig.1). The FTIR spectra (Fig. 2) show
two characteristic bands at 3423cm-1 and 1603 cm-1, that were
assigned to the OH and COO- groups, respectively.
The 1H NMR spectrum shows seven region of complex
peaks in ratio 1:3:1:2:1:1:1 for different proton environment
represent different proton groups of 8-hydroxyquinolin-1ium(R)-thiazolidine-4-carboxylate. The 13C {1H} NMR spectrum gave twelve peaks that represented the C nuclei of the 8hydroxyquinolin-1-ium(R)-thiazolidine-4-carboxylate.
8-hydroxyquinolin-1-ium2-carboxybenzoate (II) was
purely isolated as: yellow powder and characterized. In this
case, two characteristic bands at 3423 1603 were identified
and assigned to COOH and COO- groups respectively. In addition, the spectrum of compound (II) was characterized by
relatively high intensity absorption bands.
The 1H NMR spectrum shows seven complex peaks for
different proton groups that represented the H nuclei of the
8-hydroxyquinolin-1-ium2-carboxybenzoate.
The 13C {1H} NMR spectrum shows thirteen singlets for
Seventeen environmentally different C centers; that represented the C nuclei of the 8-hydroxyquinolin-1-ium2-carboxybenzoate were present.
For briefing of the a new compounds names, the obtained
white powder of 8-hydroxyquinolin-1-ium(R)-thiazolidine-4carboxylate (I) is named as 8HQZCA salt, and the yellow
powder of 8-hydroxyquinolin-1-ium2-carboxybenzoate (II) is
named as 8HQPhAC salt.
Fig. 3 shows the UV-Vis absorption spectra of the
8-hydroxyquinolin-1-ium(R)-thiazolidine-4-carboxylate and
8-hydroxyquinolin-1-ium2-carboxybenzoate (II). In the compound (I) spectrum, there are two maximum absorption peaks
at 260 and 330 nm. While, the compound (II) shows two maximum absorption peaks around 250 and 320 nm. These bands
are attributed to →* transitions.18-21
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Fig. 1 – The molecular structure of 8HQZCA and 8HQPhAC salts.

Ionic liquids
3. Z-scan measurements
The present measurements were performed with similar
experimental setup, which was used in our previous work18.
The used laser model is CUBE™ Diode Laser System, Coherent-635-30QE (I = 635 nm; the power is up to 26 mW). A
special optical filter was inserted in front of the laser beam to
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get very good high quality TEM00 Gaussian beam. The z-scan
measurements in an open aperture/closed aperture configurations were carried out with the input intensity of
I0=1134 W/cm2. The new IL salts were dissolved in chloroform solvents to prepare new samples with concentrations of
10-3M.

8-hydroxyquinolin-1-ium(R)-thiazolidine-4-carboxylate

8-hydroxyquinolin-1-ium2-carboxybenzoate (II)
Fig. 2 – The FTIR spectra of 8HQZCA salt (upper), and 8HQPhAC salt (lower).

266

Mohammed D. Zidan et al.

Fig. 3 – The UV-Vis absorption spectra of 8HQZCA salt (upper) and 8HQPhAC salt (lower).

RESULTS AND DISCUSSION
1. Nonlinear measurements
The z-scan setup was performed in the openaperture (OA) configuration to estimate the nonlinear
absorption coefficients “β”. Figure 4 shows the normalized transmittance curves of the open aperture
(OA) scan of 8HQZCA salt in Chloroform and
8HQPhAC salt in Ethanol with concentration at 103
M. The shape of the curve is symmetrical with respect to focal point (z=0), that indicates to the presence of nonlinear optical absorption (NLA) effect.
The NLA coefficient (β) was evaluated by fitting the experimental data of OA measurements to
the following equation22:

T (z) = 1 −

( I 0 Leff  )
3
2

[2 (1 +

2

λ=635 nm were calculating according to ref.20 and
tabulated in Table 1. Our results have shown that
the σex is higher than the σg (all the values are tabulated in Table 1).
The closed-aperture (a small aperture is located
in front of the detector) configuration was used to
calculate the nonlinear refractive index (n2). Usually, in the case of CA configuration, the data profile
comes from two components: β and n2. The division method13 was applied to eliminate the effect
of β. Our results (Figure 5) show the pure experimental data (the symbols) of the 8HQZCA salt in
chloroform and 8HQPhAC salt in ethanol at concentration of 10-3M. The fitting curves were obtained by inserting the experimental data into the
following equation:16-17

T ( z,  ) = 1 −

(1)

z
)]
z02

here, Leff = (1- exp (-α0L))/α0 is the effective thickness of the sample, L is the thickness of the sample, α0 is the linear absorption coefficient,
z0 = πω20/λ is diffraction length of the beam, λ is
the laser wavelength, and I0 is the laser intensity at
z = 0. The symbols present the experimental data,
while the “solid lines” is the fitting curves.
The shape of the curves reveal that the
8HQZCA salt in chloroform and 8HQPhAC salt in
ethanol exhibited a reverse saturable absorption
(RSA) mechanism, when the σex>> σg (where the
σg is cross-sections of the ground state and σex is
the excited state. However, RSA mechanism was
explained in full details.23-24 The σex and σg at

4  0 X
( X + 9) ( X 2 + 1)
2

(2)

where is X = (Z/Z0), and T is the normalized
transmittance for the pure (n2), and ∆φ0 is the on–
axis nonlinear phase shift. The ∆φ0 can be inserted
in the formula 3 to determine the value of n2.
[n 2 =

 0
]
2  I 0 Leff

(3)

The value of |3| was calculated from the real
and the imaginary parts of the third-order nonlinear
susceptibility |3|= [Re(3)2 + Im(3)2]1/2 .
where:
Re|3 (esu)| = (10-4 ε0c2n02/π) n2 (cm2/w)

(4)

and
Im|3 (esu)| = (10-2 ε0c2n02λ/4π2) β (cm/w) (5)

Ionic liquids
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Fig. 4 – Open aperture z-scan data of 8HQZCA salt in chloroform (upper), and 8HQPhAC salt in ethanol (lower).
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Fig. 5 – Close/open aperture z-scan data of 8HQZCA salt in chloroform (upper), and 8HQPhAC salt in ethanol (lower).

Table 1
The calculated nonlinear optical parameters of 8HQZCA salt in chloroform and 8HQPhAC salt in ethanol at concentration of 10-3 M
Sample

α0
(cm-1)

n0

n2
(cm2/W)

β
(cm/W)

Re (3)
(esu)

Im (3)
(esu)

dn/dt×10-5

σg
(cm)

σex
(cm)

8HQZCA salt
in
Chloroform
8HQPHAC
salt in
Ethanol

0. 783

1.4394

7.62×10-8

5.24×10-4

4×10-6

1.38×10-5

5.23

1.3×10-18

4.18×10-14

0. 422

1.3557

1.86×10-8

3.44×10-4

8.66×10-7

8.06×10-6

3.14

7×10-19

5.09×10-14

Ionic liquids

The values of α0 and n0 were determined by
similar23 and listed in Table 1. Also, the values of
n2, β, |Re 3| and |Im 3| are given in Table 1.
As the Figure 6 has peak-valley shape, this is
indication to the negative value of n2. This reveals
that our sample is considered to be a selfdefocusing material at the wavelength λ=635nm.
The thermal lens effect is raised from absorption of
tightly CW laser beam propagating through the
absorbing medium producing a spatial distribution
of temperature.9 As the CW laser was used in our
work, the present results indicate to the fact that
the thermal lens effect is responsible for the obtained of the large optical nonlinearity in the studied salts. The term of n2 is related to the thermodn 
optic coefficient 
 by the following formula:
 dT 

 dn  4 n 2 
[  =
]
 dT 
 0  02

(6)

where κ is the thermal conductivity of the solvent:
κ =0.129 (W/m K) for the Chloroform and
κ =0.171(W/m K) for the ethanol. The values of the
 dn  of 8HQZCA salt in chloroform and


 dT 
8HQPhAC salt in ethanol are listed in Table 1.
To clarify the suitability of the materials for
photonic devices, there are many requirements,
such as: large Kerr nonlinearity, low linear and
nonlinear losses and ultrafast response time. These
requirements are expressed by two figures of merit,
W (one photon) and T (two-photon):26
W = n2 I/α

(7)

T = b I/n2

(8)

The two figures of merit should have the following characteristics: W>>1 and T<<1. Our samples have given the following values: W= 1.74 and
T=0.434 for 8HQZCA salt in chloroform, whereas:
W= 0.79 and T= 1.16 for 8HQPHAC salt in ethanol. These satisfy the conditions of all optical
switching. So, we can consider the 8HQZCA salt
in chloroform suitable to be used in all-optical
switching devices.
It well known, that the form of the molecular
structure affects the NLO response of the
8HQZCA and 8HQPHAC salts.27 And, it has been
shown that the IL compounds show large optical
nonlinearities due to their expanded of π-electron
system. As we expected, our 8HQZCA salt in chloroform and 8HQPhAC salt in ethanol show large

269

third –order nonlinear optical properties due to the
delocalized electronic states formed by →*.28,29
Our sample (8HQZCA) is considered to be as good
candidate for future application for photonic
devices.
Our reported results for n2 and β of the new
8HQZCA salt in chloroform and 8HQPhAC salt in
ethanol are given in Table 1 which can be compared with others new values in literature for molecules with CW laser excitation.9-12
CONCLUSIONS
We have presented the z-scan measurements of
novel 8HQZCA salt and 8HQPhAC salt, using a
CW diode Laser at 635 nm wavelength. Depending
on the experimental results, values of α0, n0, n2, β,
Re 3, and Im 3 are calculated. Our results show
that 8HQZCA has better nonlinear optical properties than the 8HQPHAC salts. That may be due to
presence of thiazolidine-4-carboxylate group. As
well as, our measurements indicate that 8HQZCA
and 8HQPhAC salts have negative sign of the nonlinear refractive index (n2) at λ=635 nm wavelength with potential applications in optoelectronic
devices.
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