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Abstract

Experimental and theoretical studies of the mechanisms that underlay ion-pair forma-
tion, their properties and applications in various fields have been and still are focused by
researchers since the introduction of the concept in 1926, by Bjerrum. Ion pairs are distinct
chemical entities, electrically neutral, formed between ions of opposite charge and held
together by Coulomb forces, without formation of a covalent bond. Investigation methods
used are various, from classical conductometric measurements to up-to-date methods,
such as spectrophotometry, chromatography and capillary electrophoresis. In the phar-
maceutical field, ion pairs were used to develop methods of separation, identification and
assay for the active substances in complex matrices, to obtain pharmaceutical formula-
tions with controlled release and to explain the mechanisms of transport and action for
certain drugs. The chapter is an attempt to describe new trends in the spectrophotometry
of ion pairs and their applications in the pharmaceutical field. The development of the
concept and types of ion pairs are first presented; further, examples of applications using
molecular absorption, fluorimetry and resonance light scattering spectrophotometry are
presented. Based on the literature data and the authors’ experience in the field, challenges
and perspectives in the ion-pair spectrophotometry are also considered.

Keywords: ion-pair spectrophotometry, pharmaceuticals, UV-Vis absorption, fluorescence,
resonance light scattering, resonance Rayleigh scattering

1. Introduction

Ion-pair spectrophotometry refers to analysis methods based on the optical properties of the
ion pairs. Infrared, nuclear magnetic resonance and Raman spectrometry are the methods
generally used to investigate the structure of the ion pairs and molecular and atomic absorp-
tion, fluorimetry and resonance light scattering are used as assay methods.
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Known also as ionic associations or ionic association complexes, ion pairs are pairs of oppositely
charged ions held together by Coulomb attraction without formation of a covalent bond [1].
The lifetime of an ion pair was determined to be of at least 10 seconds, equivalent to about 10°
molecular vibrations, demonstrating that ion pairs can be considered as independent species [2].

The inclusion of a substance in an ionic association causes changes in its physical-chemi-
cal properties without changing its structure, because an ion pair is electrically neutral and
has increased lipophilicity compared with the free ions in its composition [3]. The optimum
experimental conditions for a quantitative ion-pair equilibrium (solvent, pH, ionic strength)
are easily settled. The selectivity of the methods can be increased by selecting the optimum
reagent (counterion, ion-pair forming reagent) and the subsequent extraction of the ion pair
in an organic phase.

The significant number of the scientific papers published indicates the appropriateness of
ion pairing in solving important issues in the pharmaceutical field, especially in analytical
chemistry, biochemistry and pharmaceutical technology. Ion pairs are used for the develop-
ment of new pharmaceutical forms with controlled release, especially for peptides [3-5]. In
this case, one of the main advantages is the unmodified pharmaco-toxicological profile of the
active substance after ion pairing, because it does not suffer structural changes. The stability
[6] and bioavailability [7, 8] of the drugs can be improved. A series of kinetic studies pro-
posed the ion-pair formation as an absorption mechanism for the pharmaceutical substances
[9, 10]. Investigations on DNA stability in various matrices [11], protein determination [12] and
synthesis of ion-pair receptors based on biological models [13] are important applications of
ion-pair equilibrium in biochemistry. Ion-pair-based assay methods are proficient in both iso-
lation, identification and quantification of certain substances of biomedical interest [14]. Over
time, titrimetric [15, 16], gravimetric [17, 18], electrometric [19, 20], spectrophotometric [21, 22]
and chromatographic [23, 24] methods based on the ion-pair formation were developed.

Classical and modern as well, ion-pair-based spectrophotometric methods had a dynamic
evolution over the time. On the one hand, this is due to the elucidation of the mechanisms
underlying the formation of ion pairs, and thus, the setting of the experimental conditions,
which allow the obtaining of ion pairs for all types of substances, is easier; in this regard, com-
putational chemistry is a very useful tool. On the other hand, the synthesis of new pharma-
cologically active molecules at very low concentrations requires sensitive analysis methods.
Among them, less used spectrophotometric techniques, such as resonance light scattering,
have found interesting applications when ion pairing was taken into account.

2. Fundamentals of ion pair

2.1. History of the ion-pair concept

The ion-pair equilibrium has been first considered for inorganic ions, being an important
step in the study of the electrolyte solutions. The history of the ion-pair concept starts in 1887
with Arrhenius, who structured the theory of electrolytic dissociation. Debye and Hiickel
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defined in 1923 the activity coefficients and deduced the homonym equation that allows the
assessment of those coefficients in aqueous solutions of electrolytes [25]. In 1926, Bjerrum
introduced an association constant in the Debye-Hiickel equation and demonstrated that ion-
pair equilibrium is dependent on the dielectric constant of the solvent, on the temperature
and on the size of the ions. For his theory, he considered spherical, nonpolarizable interacting
ions [26]. Thus, the existence of ion pairs was accepted in low dielectric constant solvents.
Subsequently, studies were performed in order to elucidate the existence of solvent molecules
in the ion-pair structure [27]. Most of the experimental data used to confirm theoretical stud-
ies on ion pairing were conductivity measurements.

The subsequent development of organic synthesis and the physical-chemical study of asso-
ciation of more complex molecules, concomitant with the development of new analysis
methods (spectrophotometry, chromatography), indicated that, when forming an ion pair,
the interacting ions cannot be considered as rigid and spherical [28]. In 1967, Higuchi et al.,
considering the volume and charge distribution over the ions, studied how a contact ion
pair can be solvated in various solvents. For the ion pairs formed between a large lipophilic
cation and a small anion, the high negative charge per unit area, lead to the solvation
with electrophilic molecules, such as chloroform, phenols and alcohols. The high negative
charge on the surface of the ion pairs formed between a small cation and a large lipophilic
anion induce the solvation with nucleophilic molecules, such as ethers, ketones, amides
and phosphate esters. For the ion pairs formed between two large ions, no significant solva-
tion was observed [29].

Hydrophobic interaction, typical for large unhydrated (hydrophobic) univalent ions, was
proposed as a mechanism of ion-pair formation in aqueous solution by Diamond [30]. The
driving force for the ion pairing is the water molecule preference to interact with itself by
hydrogen bonding. The equilibrium is named water structure-enforced ion pairing and the com-
plexes formed accordingly —water structure-enforced ion pairs. Thus, starting from this point,
the existence of the ion pairs in water became an accepted fact.

When the interaction between the oppositely charged ions is strictly electrostatic, no new elec-
tronic bands appear in the absorption spectrum [28]. Spectral changes reported in the studies
indicate that, for the ion pairs formed by organic ions, additional interactions (aromatic stack-
ing, charge transfer, hydrogen bonding) might exist.

Aromatic stacking is indicated by a hypochromic effect in the absorption spectra and was
demonstrated by thermodynamic studies for the interaction between organic species contain-
ing aromatic structures [31]. Considered to be a result of a non-classical hydrophobic effect,
the stacking of the aromatic rings is determined by the interaction between the partial charges
(positive and negative) that exists on the atoms situated in adjacent aromatic rings.

The redistribution of the charge between the ions (charge transfer) is identified spectropho-
tometrically by a hypsochromic (blue shift) or bathochromic (red shift) effect in the UV-Vis
region, depending on the medium polarity. This type of interaction can be predicted by theo-
retical calculations, based on charge density and molecular orbital theory [32, 33]. The ionic
associations based on such interaction have been named ion-pair charge-transfer complexes [32].
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Similarly, it was proved that ion pairs can be formed also by the interaction between an acid
and a base by proton transfer [34].

Thus, nowadays, it is generally accepted that electrostatic interactions, hydrophobic interac-
tions and proton transfer are the main mechanisms involved in the ion-pair formation and
that the ion pair stability depend on the structure and size of the ions, on their acid-base and
hydrophobic properties and on the solvent nature as well.

The methods currently used for the study of the ion-pair equilibrium are spectrophotom-
etry (molecular absorption, resonance light scattering and fluorescence), conductometry [35],
chromatography [23, 24, 36] and capillary electrophoresis [37].

The development of computational chemistry makes possible simulation of associations
between complex molecules. Thus, in silico investigations became a valuable tool in the study
of the ionic association equilibrium. Such studies can explain the formation of a certain com-
plex, or predict it, and are commonly validated by spectrophotometric methods.

2.2. Types of ion pairs

The formation mechanism and the structure of the ion pairs were established concurrently
with the elucidation of the interaction types of the ions in solution. Considering the solva-
tion, ion pairs exist in the tight (contact, intimate) form (no solvent molecule is involved in the
ion pair) and in the loose form (one or more solvent molecules are included in the ion pair).
Depending on the number of the solvent molecules involved, ion pairs are of solvent-sharing
type (a single solvent molecule is included) and solvent-separated ion pairs (when more than
one solvent molecule is involved) [1].

Considering the structure of the ions involved in the ion-pair equilibrium, an overview of the
literature published allowed the identification of three categories: (a) inorganic ion pairs (both
ions are inorganic), (b) ion pairs formed between an organic molecule in ionized form and
an inorganic ion and (c) organic ion pairs (both ions are organic substances in ionized form).
The inorganic ions can be included in an ionic association in the free form or as inorganic
complex. The organic substances are transformed in the ionic form based on their acid-base
properties, by selecting the optimum pH, or after a complexation reaction with an inorganic
ion. The inorganic ion pairs are intensively studied by physical chemistry, for the theoretical
background of the mechanisms of ion pairing. The ion pairs that contain an organic ion are
more used in the pharmaceutical field.

The solubility of the ion pairs in the selected solvent can be also a criterion to classify the ion
pairs. Thus, two categories can be discerned: insoluble and soluble ion pairs. Insoluble ion
pairs are used in the assay of the pharmaceuticals by gravimetric methods [17, 18, 38] and
atomic absorption spectrometry [39, 40] and also in pharmaceutical technology for drug release
systems [5]. The applications that rely on the formation of soluble ion pairs are most numerous.

As an ion pair is electrically neutral, the number of ions involved depends on their charge.
Frequently encountered in literature are binary ion pairs, formed between ions with the same
charge, and ternary ion pairs, which contain one divalent ion and two monovalent counterions.
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3. Spectrophotometric applications of ion pairing in pharmaceutical
analysis

3.1. Molecular absorption spectrophotometry

Most of the ion-pair spectrophotometric assay methods published in pharmaceutical field are
based on UV-Vis molecular absorption. These methods are robust, easy to perform, sensitive,
accurate and precise. In association with an organic dye, pharmaceutical substances with no
characteristic visible spectrum can be detected in this region.

Widely used are the extractive spectrophotometric methods: the ion pairs are extracted in
an organic solvent, and the extract is further analyzed. For the quantitative extraction in the
selected organic solvent, the optimum pH value, concentration of the reagents and ionic
strength must be established.

The selection of the counterion should consider that bulky, univalent and having the charge
distributed over the whole ion reagent has the best capacity to form ion pairs. With respect to
the geometry of the counterion, planar types of organic dyes are appropriate for developing
ion-pair absorption spectrophotometric methods [41]. Computational chemistry is a useful
tool to evaluate the volume, geometry and charge density of the studied substances. By corre-
lating these data with the results of the studies on the solvation of different types of ion pairs
[29], the selection of the optimum solvent for the extraction is simplified.

The formation of the ion pair can be revealed spectrophotometrically by a shift of the absorp-
tion peak of the chromophore. As an example, the spectral changes that appeared at the for-
mation of terbinafine-methyl orange (TBF-MO) ion pair in chloroform were used for the assay
of terbinafine by ion-pair absorption spectrophotometry by Florea et al. [42]. MO is a planar
dye containing aromatic rings, and the formation of TBF-MO ion pair is accompanied by a
blue shift (from 502 to 408 nm) and hypochromic effect for the visible peak of MO (Figure 1).
These spectral changes indicate the stabilization of the ion pair by aromatic stacking [31].
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Figure 1. Molecular absorption spectra of TBF (1), MO (2) and TBF-MO ionic association (3) (from Ref. [42], with permission).

177



178 Spectroscopic Analyses - Developments and Applications

Bromocresol purple (BCP) [43] and alizarin red [44] were also used as counterions in the assay
of TBF using extraction methods.

As counterions, the chain-type reagents having long alkyl groups are also useful. They are
bulky and univalent, but their charge is not distributed over the whole ion. Even so, the main
limitation arises mostly from the fact that they are colourless; therefore, they can be used as
ion-pair reagents for the assay of coloured substances.

Hexadecyltrimethylammonium bromide (CTAB) was used to develop an extractive spectro-
photometric method for the assay of nimesulide (NS) by Florea et al. [45]. As CTAB is a chain-
type reagent, with no aromatic rings in the structure and no characteristic spectrum in UV-Vis
region, NS in its ionized form is the reagent having a peak in visible range. Therefore, when
the ion pair is formed, a red shift and hyperchromic effect appeared (Figure 2).

Sulfonephthalein dyes, such as bromocresol green (BCG), bromocresol purple (BCP) and bril-
liant blue G [46], were also used as counterions in the assay of NS using extraction-free meth-
ods. A comparison of the experimental data indicated a larger linearity range for the method
based on the ion pair formed with CTAB.

Because extraction is a laborious procedure, the trends are to develop non-extractive (extrac-
tion-free) ion-pair-based spectrophotometric methods in nonaqueous or aqueous solutions.
Generally, by dissolving the substances in the organic solvents, the ion pairs are formed
mainly by a proton transfer mechanism.

Limitations in the development of non-extractive methods arise mainly from the physical-
chemical properties of the reagents, namely, their solubility in the appropriate solvents.

Literature data generally resulted in narrower linearity ranges for the non-extractive methods
compared with the extractive ones. Some examples are presented in Table 1.

1.0

405.00

0.8+

393.00

0.6- &)

Abs

0.4

0.2

i-— 8,

[ T
300 400 500 600
Wavelength (nm)

Figure 2. Molecular absorption spectra of CTAB (1), NS (2) and CTAB-NS (3) (from Ref. [45], with permission).
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Analyte Method Counterion Solvent Linearity range (ug/mlL) Reference
Desloratadine NE Eosine H,O 0.31-2.81 [47]
E [Co(SCN),]* CHCl, 0.5-3 [48]
Losartan NE Eosine H,O 2.5-20 [47]
E Calmagite CHCI, 10-100 [49]
Orange II CHCI, 10-100 [49]
Levofloxacin NE BCG CH/C], 1-20 [50]
E Bromophenol blue CHCI, 1.85-31.5 [51]
BCG CHCI, 1.85-25 [51]
Ampicillin NE Pyrocatechol violet H,O 0.2-28 [52]
E [Mo(SCN),I CH,CI, 1.5-77.5 [53]
Amoxicillin NE BCG (CH,),SO 1-13 [54]
E Methylene blue CHCl, 3.5-90 [55]

Table 1. Examples of extractive (E) and non-extractive (NE) ion-pair spectrophotometric methods for the assay of
pharmaceutical substances.

3.2. Fluorescence spectroscopy

Among spectrophotometric methods, fluorimetry distinguishes itself by high sensitivity and
specificity. In pharmaceutical sciences, fluorescence spectroscopy is an irreplaceable tool in
the study of biochemical processes occurring at the cellular level. Substances having intrinsic
fluorescence, named fluorophores, have characteristic structural features (rigid, plane structure
with conjugated double bounds) and exhibit specific excitation (absorption) and emission (flu-
orescence) wavelengths, thus explaining the high specificity of the method [56]. Various inter-
actions of the fluorophore with the surroundings can lead to a decrease of the fluorescence
intensity. This effect is called quenching and can be used for quantification purposes, primar-
ily for the determination of anions [57]. Molecular mechanisms such as the interaction with
electron-deficient molecules (quenchers) in the excited state of the fluorophore (collisional
quenching) or in the ground state (formation of non-fluorescent complexes with quenchers),
together with different non-molecular effects, can be involved in the quenching process [56].

Ion-pair fluorescence assay methods are generally based on quenching. In the ion-pair struc-
ture, if one of the ions is a fluorophore, the counterion can act as a quencher. For a certain con-
centration range, the decrease of the fluorescence intensity is proportional with the analyte
concentration. The development of these methods takes into consideration the same experi-
mental conditions presented at Section 3.1, to obtain a quantitative ion-pair equilibrium (pH,
ionic strength, solvent), but it is conditioned by the selection of an optimum fluorophore.
Organic substances with native fluorescence that can be used as counterions are few; there-
fore, there are not many published applications. Literature data on ion-pair fluorescence
methods for the assay of pharmaceutical substances are summarized in Table 2.
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Fluorescent reagent Analyte Reference

Extractive methods
Erythrosine B Erythromycin [58]
9,10-Dimethoxyanthracene-2-sulphonate  Imipramine [59]
Desipramine
Amitriptyline
Nortriptyline
Clomipramine
Doxepin

Nonextractive methods

Eosine Astemizole, terfenadine, flunarizine as chelates with Pb*  [60]
Amitriptyline
Clomipramine [61]
Rosiglitazone [62]
Pioglitazone [63]
Albendazole [64]
Eosine (as chelate with Pd?) Ciprofloxacin [65]
Norfloxacin
Safranin T Meloxicam [66]
4,5-Dibromofluorescein Ceftazidime [67]
Ceftriaxone
Cefoperazone

Table 2. Examples of extractive and non-extractive ion-pair fluorescence methods for the assay of pharmaceutical
substances.

Berberine, an isoquinoline alkaloid, is a pharmacologically active fluorophore, with potential
therapeutic effect in various diseases (Alzheimer’s disease, cancer, viral infections, etc.). In
order to get deeper insights into the details of its biological activity, the effect of the ion pair-
ing on its fluorescence properties was studied using chloride and perchlorates anions [68].
Nanoparticles containing berberine-tetraphenylborate ion pair were prepared, and their abil-
ity to cross the cell membrane of cancer cells was studied by Soulié et al. [69].

Lately, the research in nanoscience opened an even wider pathway in fluorescence studies
involving ion pairing. Quantum dots (QDs) are prone to exchange electrons with their com-
plementary partners (acceptors or donors) upon excitation that can be transduced into detect-
able fluorescent signals [70]. Thus, sensitive assay methods can be developed by using QDs
capped with different ligands inionized form. An example is the determination method devel-
oped for albendazole, using glutathione-capped cadmium telluride QDs (GSH-CdTe QDs).
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Ion-pair equilibrium takes place between albendazole in cationic form and anionic sites at
the QD surface, and the effect was a decrease of the fluorescence intensity of capped CdTe
QDs [70].

Various applications based on ion-pair equilibrium with fluorescence properties were devel-
oped along the time for the characterization of biomolecules in complex biological matrices by
flow cytometry [71] and also for kinetic studies using fluorescence microscopy [72].

3.3. Light scattering spectrometry

Light scattering was observed by the Irish physicist John Tyndall in the late 1860s. The emi-
nent British physicist Lord Rayleigh (John Strutt) developed the theoretical basis of elec-
tromagnetic wave interaction with particles smaller than the wavelength in the following
decades (1870-1899). Now, the scattering of light by particles in a suspension is accepted to
be elastic (without change in the wavelength of the incident light) and inelastic (the incident
wavelength and the scattered one are different). Rayleigh scattering theory was developed for
wavelengths much higher than the dimensions of the scattering particles.

Light scattering is widely used since the 1950s in chemical analysis; turbidimetric and nephelo-
metric methods were developed for the analysis of polydisperse systems. Also, ion-pair-based
turbidimetric methods were developed [73-75]. With the development of laser technology,
first Raman scattering was separated and developed as an independent technique, allowing
the analysis of vibrational and rotational states of a molecule.

Resonance light scattering, also known as resonance Rayleigh scattering (RLS), or enhanced
Rayleigh scattering, is a simple, rapid and sensitive method for the study of aggregation of
molecules. It was first predicted by Placzek in the mid-1930s and later studied as resonance-
enhanced Rayleigh scattering (RERS) for diphenylpolyenes [76], for a series of coumarin dyes
[77] and for aggregates containing porphyrins [78].

Starting with the 2000s, a series of studies underlined the utility of the method in the assay
of pharmaceuticals as ion pairs with organic dyes [79-81] or using a counterion attached to
nanoparticles [82, 83] but also for unravelling of their interaction mechanisms with macro-
molecules of biological interest (transport proteins, DNA) [84-86]. Recent studies have high-
lighted the potential of this technique to elucidate the action mechanisms of pharmaceutical
substances at the molecular level: the mechanism of interaction of oridonin (natural substance
with anticancer effect) with DN A macromolecule was revealed [87]; also, the molecular mech-
anism by which quercetol affects the bioavailability of propranolol was explained [88].

The ion-pair-based assay methods were developed according to the technique proposed by
Pasternack et al. [78]. The RLS spectra are registered using a steady-state spectrofluorometer
through synchronous scanning of both monochromators. Near or within the range of the
absorption band, an enhancement of the scattered signal is observed, which no longer obeys
Rayleigh’s law. The effect was largely attributed to a scattering-absorption-re-scattering pro-
cess. For a certain concentration range, increments in the scattering intensity are directly pro-
portional to the concentration of the analyte.
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The majority of the substances determined are hydrophilic organic molecules, largely hydrated
in water. The ion pairs are formed mostly by an experimentally conducted hydrophobic ion
pairing. An increased ionic strength determines the chemical species involved in the ion pair-
ing to become more hydrophobic because the solvent molecules in their hydration shell are
attracted in competitive solvation equilibria of the inorganic ions. Generally, the optimum pH
and increased ionic strength are obtained using Britton-Robinson buffer. Molecular absorption
spectra are used as a previous step in developing RLS methods. By monitoring changes in the
absorption spectra, the optimum counterion is selected, and the experimental conditions for
quantitative ionic association equilibrium (pH, ionic strength, reaction time) are established.
For example, in the case of streptomycin (STR) assay in ionic association with Congo red (CR)
[89], for the Britton-Robinson buffer (pH value 5.5), a maximum blue shift (from 497 to 487 nm)
and hypochromic effect were obtained, indicating the quantitative formation of the STR-CR ion
pair. In these experimental conditions, maximum scattering intensity was obtained (Figure 3).

Resonance light scattering methods have many advantages such as great sensitivity and selec-
tivity, simple experimental procedure and the use of accessible equipment (classical spectro-
fluorimeter) [90], but no validated methods have been published yet. RLS signals suffer from
fluctuations caused by many variable factors such as environmental conditions in the reaction
medium (pH, ionic strength, temperature and polarity), reagent concentration and the inci-
dent light intensity [91].

The challenge for the analysts is to improve the technique in order to obtain reproducible
results. Resonance light scattering ratiometry was proposed and applied to the study of the
interaction between porphyrins and heparin, in order to solve the problems correlated with
the single wavelength measurement. The method provides precise data by taking the inten-
sity ratio at two suitable wavelengths [91].
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Figure 3. RLS spectra of CR (1), STR (2) and STR-CR ion pair (3) (from Ref. [89], with permission).
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From our experience, slight variations of the ionic strength cause changes in the RLS sig-
nal intensity. In routine analysis, it is difficult to obtain identical values of this parameter,
and therefore it is difficult to obtain reproducible results. A favourable effect on ion pairing
may be obtained by adding small quantities of methanol or ethanol. They have strong water-
structuring effect [92, 93], so the hydrophobic interactions for the ion pair can be enforced by
engaging water and alcohol molecules in hydrogen bonds, thus dehydrating the substances
of interest.

3.4. Challenges and perspectives in IP spectrophotometry

Among the permanent challenges in ion-pair spectrophotometry applied in the pharmaceuti-
cal field, one can number the increase of the sensitivity, enabling a more comprehensive study
of the mechanisms underlying biochemical processes based on ion-pair equilibrium and find-
ing appropriate conditions to obtain ion pairs for novel pharmacologically active substances.

In terms of increasing the sensitivity of the ion-pair-based methods, the best perspectives are
offered by the RLS and fluorimetry, especially when the counterions fixed at the surface of
QDs (capped QDs) are used. Using post-column ion pairing, RLS method has been incorpo-
rated as a detection technique in high-performance liquid chromatography [94] and capillary
electrophoresis [95]. Studies are needed to obtain reproducible results of RLS and to validate
the assay methods.

Ion pairing is a fundamental interaction in biological systems. Molecular recognition and pro-
tein function are biochemical processes based on ion pairing, and obtaining experimental
evidence on the dynamics of macromolecules is a challenge. First experimental data on ion-
pair dynamics at protein-DNA interfaces, obtained using nuclear magnetic resonance spec-
troscopy, were published by Anderson et al. [96].

Polyphenols, an important group of pharmacologically active substances, have not been char-
acterized in terms of the ability to form pairs. Perspectives are opened by recently published
study [97], which evaluates the photodynamic therapeutic effect of the curcumin on breast
cancer cells using curcumin-methylene blue ion-pair-based nanoparticles. There are numer-
ous substances in this class to be studied.

4. Conclusions

The present work underlined the existence of ion-pair spectrophotometry as a distinct group
of methods largely used in the pharmaceutical field. Its evolution was dynamic and was cor-
related with the elucidation of ion-pair formation mechanisms and the development of com-
putational chemistry. In medicines control, ion-pair molecular absorption spectrometry has
the most numerous applications. Generally, organic solvents were used as reaction media.
With the development of resonance light scattering techniques, the number of the applica-
tions of the ion pairs formed in aqueous solution has increased significantly. Fluorimetry,
more sensitive, is also used as an assay method but mostly for biochemical purposes.
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If one single feature has to be emphasized, the importance of ion-pair spectrophotometric
methods in the pharmaceutical field consists in their versatility. Substances with or without
characteristic absorption in UV-Vis range or intrinsic fluorescence, hydrophilic or hydropho-
bic and organic or inorganic, can be determined as ion pairs in bulk or complex matrices using
rapid, sensitive and simple procedures.

Author details

Marinela Florea* and Mihaela Ilie*
*Address all correspondence to: florea.marinela@gmail.com; mihaela.ilie@umfcd.ro

Faculty of Pharmacy, Analytical Chemistry Department, “Carol Davila” University of Medicine
and Pharmacy, Bucharest, Romania

References

[1] IUPAC. Compendium of Chemical Terminology. 2nd ed. (the “Gold Book”). Compiled
by McNaught AD and Wilkinson A. Oxford: Blackwell Scientific Publications; 1997. XML
on-line corrected version: http://goldbook.iupac.org; created by Nic M, Jirat ], Kosata B;
updates compiled by Jenkins A. [Internet] 2006. DOI: 10.1351/goldbook. Available from
https://goldbook.iupac.org/I103231.html [Accessed: 25 February 2017]

[2] Le Butto R, Kazakevich Y. Reversed phase HPLC. In: Kazakevich Y, Le Butto R, edi-
tors. HPLC for Pharmaceutical Scientist. 1st ed. Hoboken, NJ: John Wiley & Sons, Inc.;
2007. p. 200

[3] MeyerD]J, Manning MC. Hydrophobicion pairing: Altering the solubility properties of bio-
molecules. Pharmaceutical Research. 1998;15(2):188-193. DOI: 10.1023/A:1011998014474

[4] Wang X, Jiang Y, Wang YW, Huang MT, Ho CT, Huang Q. Enhancing anti-inflammation
activity of curcumin through O/W nanoemulsions. Food Chemistry. 2008;108:419-424.
DOI: 10.1016/j.foodchem.2007.10.086

[56] Tang C, Zhang E, Li Y, Yang L. An innovative method for preparation of hydropho-
bic ion-pairing colistin entrapped poly(lactic acid) nanoparticles: Loading and release
mechanism study. European Journal of Pharmaceutical Sciences. 2017;102:63-70. DOI:
10.1016/j.ejps.2017.02.036

[6] Jimenez-Kairuz AF, Allemandi DA, Manzo RH. The improvement of aqueous chemi-
cal stability of a model basic drug by ion pairing with acid groups of polyelectro-
lytes. International Journal of Pharmaceutics. 2004;269(1):149-156. DOI: 10.1016/;.
ijpharm.2003.09.008

[7] Jimenez-Kairuz AF, Allemandi DA, Manzo RH. Equilibrium properties and mechanism
of kinetic release of metoclopramide from carbomer hydrogels. International Journal of
Pharmaceutics. 2003;250:129-136. DOI: 10.1016/S0378-5173(02)00525-2



[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

lon-Pair Spectrophotometry in Pharmaceutical and Biomedical Analysis: Challenges and...
http://dx.doi.org/10.5772/intechopen.69778

Sancilio FD, Stowell GW, Whittall L, White D, Whittle R. Preparation of narcotic-NSAID
ion pairs. U.S. Patent No. US20050203115 A1l. [Internet]; 2005. Available from http://
google.co.id/patents/US20050203115 [Accessed: 25 February 2017]

Jonkman JH, Hunt CA. Ion pair absorption of ionized drugs—Fact or fiction? International
Journal of Clinical Pharmacy. 1983;5(2):41-48. DOI: 10.1007/BF01960074

Song IS, Choi MK, Shim WS, Shim CK. Transport of organic cationic drugs: Effect of ion-
pair formation withbile salts on thebiliary excretionand pharmacokinetics. Pharmacology
and Therapeutics. 2013;138(1):142-154. DOI: 10.1016/j.pharmthera.2013.01.006

Kong L, Liu Z, Liu S, Wang D. Interaction of vancomycin with DNA and determination
of DNA via resonance Rayleigh scattering and resonance nonlinear scattering. Analytical
Methods. 2012;4(12):4346-4352. DOI: 10.1039/C2AY26050F

Wang YT, Zaho FL, Li KA, Tong SY. Microdetermination of proteins by enhanced
Rayleigh scattering spectroscopy with Morin. Fresenius Journal of Analytical Chemistry.
1999;364:560-564. DOI: 10.1007/s002160051386

Kim SK, Sessler JL. Ion pair receptors. Chemical Society Reviews. 2010;39(10): 3784-3809.
DOI: 10.1039/C002694H.

Florea M, Monciu CM, Arama CC. Pharmaceutical applications of ionic associations.
Note I. Farmacia. 2007;55(6):605-612

Constantinescu IC, Florea M, Arama CC, Monciu CM. Assay of nimesulide by ion asso-
ciation titration. Farmacia. 2009;57(3):267-271

Abdulrahman SAM, Basavaiah K. Application of ion-association titration for the assay
of bupropion hydrochloride in pharmaceuticals. Chemical Industry and Chemical
Engineering Quarterly. 2011;17(3): 299-306

Nedelcu A. New methods for cinnarizine assay using the reaction with picrolonic acid
[Rom.]. Farmacia. 1999;47(4): 31-39

Nedelcu A. New methods for cinnarizine assay using the reaction with Reinecke salt
[Rom.]. Farmacia. 2001;49(2):37-43

Sun XX, Aboul-Enin HY. Internal solid contact sensor for the determination of doxy-
cycline hydrochloride in pharmaceutical formulation. Talanta. 2002;58:387-396. DOI:
10.1016/50039-9140(02)00292-8

Salem AA, Barsoum BN, Izake EL. Potentiometric determination of diazepam, bromaze-
pam and clonazepam using solid contact ion-selective electrodes. Analytica Chimica
Acta. 2003;498:79-91. DOI: 10.1016/j.aca.2003.08.070

Vinay KB, Revannasiddappa HD, Rajendraprasad N, Ramesh PJ, Xavier CM, Basavaiah
K. Use of two sulfonthalein dyes in the extraction-free spectrophotometric assay of tra-
madol in dosage forms and in spiked human urine based on ion-pair reaction. Drug
Testing and Analysis. 2012;4(2):116-122. DOI: 10.1002/dta.247

185



186 Spectroscopic Analyses - Developments and Applications

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

Abdulrahman SAM, Basavaiah K. Spectrophotometric determination of dothiepin
hydrochloride in pharmaceuticals through ion-pair complexation reaction. Chemical
Industry and Chemical Engineering Quarterly. 2012;18(2):339-347

Florea M, Aramd CC, Monciu CM, Determination of terbinafine by ion-pair reversed
phase liquid chromatography. Farmacia. 2009;58(1):82-88

Florea M, Monciu CM, Ilie M. Determination of nimesulide by ion pair high-perfor-
mance liquid chromatography using tetrabutylammonium as the counterion. Analytical
Letters. 2015;48(2):328-339. DOI: 10.1080/00032719.2014.940529

Cecchi T. Ion-Pair Chromatography and Related Techniques. Boca Raton: Tayloré&Francis
Group; 2010. p. 21

Quintanar-Guerrero D, Allemann E, Fessi H, Doelker E. Applications of the ion-pair
concept to hydrophilic substances with special emphasis on peptides. Pharmaceutical
Research. 1997;14(2):119-127

Winstein S, Clippinger E, Fainberg AH, Robinson GC. Salt effects and ion-pairs in sol-
volysis. Journal of American Chemical Society. 1954;76(9):2597-2598.

Ishchenko AA, Shapovalov SA. Heterogeneous association of the ions of dyes in solu-
tions. Journal of Applied Spectroscopy. 2004;71(5):605-629. DOI: 10.1023/B:JAPS.000004
9618.42857.0a

Higuchi T, Michaelis A, Tan T, Hurwitz A. Ion pair extraction of pharmaceutical
amines. Role of dipolar solvating agents in extraction of dextromethorphan. Analytical
Chemistry. 1967;39(8): 974-979. DOI: 10.1021/ac60252a051

Diamond RM. The aqueous solution behavior of large univalent ions. A new type of ion-
pairing. Journal of Physical Chemistry. 1963;67(12):2513-2517. DOI: 10.1021/j100806a002

Newcomb LF, Gellman SH. Aromatic stacking interactions in aqueous solution: Evidence
that neither classical hydrophobic effects nor dispersion forces are important. Journal of
American Chemical Society. 1994;116(11):4993-4994. DOI: 10.1021/ja00090a057

Ito F, Nagamura T. Photochemical and photophysical properties of ion-pair charge
transfer complexes for all-optical information processing. Journal of Photochemistry
and Photobiology C: Photochemistry Reviews. 2007;8:174-190. DOI: 10.1016/j.
jphotochemrev.2007.12.002

Cai Y, Feng YP. Review on charge transfer and chemical activity of TiO,: Mechanism
and applications. Progress in Surface Science. 2016;91:183-202. DOI: 10.1016/;.
progsurf.2016.11.001

Dena ASA, Hassan WMI. Experimental and quantum mechanical studies on the ion-
pair of levocetirizine and bromocresol green in aqueous solutions. Spectrochimica Acta
Part A: Molecular and Biomolecular Spectroscopy. 2016;163:108-114. DOI: 10.1016/j.
saa.2016.03.030



[35]

[36]

[37]

[38]

[39]

[40]

[41]
[42]

[43]

[44]

[45]

[46]

[47]

lon-Pair Spectrophotometry in Pharmaceutical and Biomedical Analysis: Challenges and...
http://dx.doi.org/10.5772/intechopen.69778

Bracko S, Span J. Conductometric investigation of dye-surfactant ion pair formation
in aqueous solution. Dyes and Pigments. 2000;45(2):97-102. DOI: 10.1016/S0143-7208
(00)00016-4

Daignault LG, Jackman DC, Rillema DP. Behavior of simple salts on silica and C18 col-
umns: Retention dynamics of cations, anions and ion pairs. Journal of Chromatography
A.1989;462:71-84. DOI: 10.1016/50021-9673(00)91337-2

Taga A, Uegaki K, Yabusako Y, Kitano A, Honda S. Simultaneous determination of the
association constants of oligosaccharides to a lectin by capillary electrophoresis. Journal
of Chromatography A. 1999;837(1-2):221-229. DOI: 10.1016/50021-9673(99)00104-1

Constantinescu CI. Contributions to the study of clemastine complex with the sodium
tetraphenylborate. Note I [Rom.]. Farmacia. 2002;L(4):46-53

Ragab GH, Amin AS. Atomic absorption spectroscopic, conductometric and colorimet-
ric methods for determination of fluoroquinolone antibiotics using ammonium reineck-
ate ion-pair complex formation. Spectrochimica Acta A: Molecular and Biomolecular
Spectroscopy. 2004;60(4):973-978. DOI: 10.1016/S1386-1425(03)00327-5

El-Brashy A.M., El-Sayed MM, El-Sepai FA. Spectrophotometric and atomic absorption
spectroscopic determination of some fluoroquinolone antibacterials by ion-pair com-
plex formation with bismuth (III) tetraiodide. Journal of the Chinese Chemical Society.
2005;52(2):253-262. DOI: 10.1002/jccs.200500038

Toei K. Ion-association reagents. A review. Analytical Sciences. 1987;3:479-488

Florea M, Mociu CM. Spectrophotometric determination of terbinafine through ion-pair
complex formation with methyl orange. Farmacia. 2008;56(4):393-401

Qarah NAS, Basavaiah K, Swamy N. Ion-pair extractive spectrophotometric assay of ter-
binafine hydrochloride in pharmaceuticals and spiked urine using bromocresol purple.
Journal of Applied Spectroscopy. 2016;83(4):694-702. DOI: 10.1007/s10812-016-0350-x

Qarah NAS, Kanakapura B, Nagaraju S, Udigere C. Assay of terbinafine hydrochloride
by extractive-spectrophotometry with alizarin red S.A modified approach. Eurasian
Journal. 2015;10(1):34-45

Florea M, Monciu CM, Andritoiu ML, Bacanu LG. Spectrophotometric determination
of nimesulide through ion-pair complex formation with hexadecyltrimethylammonium
bromide. Farmacia. 2008;56(6):639-646

El-Henawee MM, Ragab GH, Amin El-Sayed A, Sultan AF. Spectrophotometric deter-
mination of nimesulide in pure and in pharmaceutical formulations using ion-associate

complex formation. Asian Journal of Pharmaceutical Analysis and Medicinal Chemistry.
2014;2(4):240-248

Abd El-Hay SS, EI-Mammli MY, Shalaby AA. Determination of clemastine hydrogen fuma-
rate, desloratadine, losartan potassium and moxepril HCI through binary complex formation
with eosin. Arabian Journal of Chemistry. 2016;9:5541-5547. DOI: 10.1016/j.arabjc.2011.06.021

187



188 Spectroscopic Analyses - Developments and Applications

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

Rele RV, Gurav PJ. A simple extractive spectrophotometric determination of loratadine,
desloratadine and rupatadine from pharmaceutical formulations. International Journal
of Pharma and Bio Sciences. 2012;3(2):89-95

Prabhakar AH, Giridhar R. A rapid method for the determination of Losartan in bulk and
in synthetic mixture for solid dosage form. Journal of Pharmaceutical and Biomedical
Analysis. 2002;27:861-866. DOI: 10.1016/S0731-7085(01)00536-2

El-Sayed AM, Metwally MES, El-Sepai AF. Spectrophotometric determination of some
fluoroquinolone antibacterials through charge-transfer and ion-pair complexation reac-
tions. Bulletin of the Korean Chemical Society. 2004:25(3):365-372

Ashour S, Al-Khalil R. Simple extractive colorimetric determination of levofloxacin by
acid-dye complexation methods in pharmaceutical preparations. Il Farmaco. 2005;60:771-
775. DOI: 10.1016/j.farmac.2005.06.007

Amin AS. Pyrocatechol violet in pharmaceutical analysis. Part I. A spectrophotometric
method for the determination of some 3-lactam antibiotics in pure and in pharmaceuti-
cal dosage forms. Il Farmaco. 2001;56(3):211-218. DOI: 10.1016/50014-827X(01)01078-3

Mohamed GG. Spectrophotometric determination of ampicillin, dicluxacillin, flucloxa-
cillin and amoxicillin antibiotic drugs: Ion-pair formation with molybdenum and thio-
cyanate. Journal of Pharmaceutical and Biomedical Analysis. 2001;24(4):561-567. DOI:
10.1016/50731-7085(00)00463-5

Keskar MR, Jugade RM. A new spectrophotometric method for determination of amoxi-
cillin using bromocresol green. World Journal of Pharmacy and Pharmaceutical Sciences.
2014;3(2):1340-1348

Prasad BB, Gupta S. Extraction-spectrophotometric determination of certain (-lactam
antibiotics with methylene blue. Indian Journal of Pharmaceutical Sciences. 2000;62(4):
261-266

Lakowicz JR. Principles of Fluorescence Spectroscopy. 3rd ed. New York: Springer; 2006.
pp. 63-93

Moffat AC, Osselton MD, Widdop B, editors. Clarke’s Analysis of Drugs and Poisons
in Pharmaceuticals, Body Fluids and Postmortem Material. Vol.1, 4th ed. London: The
Pharmaceutical Press; 2011. pp. 510-511

Sanz A, Tomas V, Martinez-Lozano C, Perez-Ruiz T. Extraction-spectrofluorimetric
method for the determination of erythromycin and its esters in pharmaceutical formula-
tions using manual and flow-injection procedures. Analyst. 1993;118(5):567-571. DOI:
10.1039/AN9931800567

Acedo-Valenzuela MA, Galeano-Diay T, Mora-Diez N, Silva-Rodriguez A. Response
surface methodology for the optimisation of flow injection analysis with in situ solvent
extraction and fluorimetric assay of tricyclic antidepressants. Talanta. 2005;66:952-960.
DOI: 10.1016/j.talanta.2004.12.044



[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

lon-Pair Spectrophotometry in Pharmaceutical and Biomedical Analysis: Challenges and...
http://dx.doi.org/10.5772/intechopen.69778

Kelani K, Bebawy LI, Abdel-Fattah L. Determination of astemizole, terfenadine, and
flunarizine hydrochloride by ternary complex formation with eosin and lead (II).
Journal of Pharmaceutical and Biomedical Analysis. 1999;18:985-992. DOI: 10.1016/
S0731-7085(98)00107-1

Kaur K, Malik AK. Study on the fluorescence quenching reaction of amitriptyline and
clomipramine hydrochlorides with eosin y and its analytical application. Journal of
Fluorescence. 2013;23(3):533-542. DOI: 10.1007/5s10895-013-1185-y

Zonghui Q, Bing X, Rong T, Xiangqing G, Bangjiang W. Study on the interaction of rosi-
glitazone maleate and eosin y bymolecular spectroscopy and its analytical applications.
Chemistry Bulletin/Huaxue Tongbao. 2010;73(12):1131-1138

Qin Z, Tan R, Xie B, Zhao X, Wan B. Study on the interaction between pioglitazone
hydrochloride and eosin Y by fluorescence and resonance Rayleigh scattering method.
Chemistry Bulletin/Huaxue Tongbao. 2010;73(2):166-172

Fengling T, Wei H, Yang J, Qin L. Study on the interaction between albendazole and
eosin Y by fluorescence, resonance Rayleigh scattering and frequency doubling scatter-
ing spectra and their analytical applications. Spectrochimica Acta Part A: Molecular and
Biomolecular Spectroscopy. 2014;126:135-141. DOI: 10.1016/j.saa.2014.01.126

El Walily AFM, Belal SF, Bakry RS. Spectrophotometric and spectrofluorimetric esti-
mation of ciprofloxacin and norfloxacin by ternary complex formation with eosin and
palladium(II). Journal of Pharmaceutical and Biomedical Analysis. 1996;14(5): 561-569.
DOI: 10.1016/0731-7085(95)01662-7

Hassan EM. Spectrophotometric and fluorimetric methods for the determination of
meloxicam in dosage forms. Journal of Pharmaceutical and Biomedical Analysis.
2002;27(5):771-777. DOL: 10.1016/50731-7085(01)00530-1

Fu S, Liu Z, Liu S, Liu J, Yi A. Study on the resonance Rayleigh scattering spectra of
the interactions of palladium (II)-cephalosporins chelates with 4,5-dibromofluorescein
and their analytical applications. Analytica Chimica Acta. 2007;599(2):271-278. DOI:
10.1016/j.aca.2007.07.071

Megyesi M, Biczok L. Effect of ion pairing on the fluorescence of berberine, a natu-
ral isoquinoline alkaloid. Chemical Physics Letters. 2007;447:247-251. DOI: 10.1016/j.
cplett.2007.09.046

Soulié M, Frongia C, Lobjois V, Fery-Forgues S. Fluorescent organic ion pairs on berber-
ine: Counter-ion effect on the formation of particles and on the uptake by colon cancer
cells. RSC Advances. 2015;5:1181-1190. DOI: 10.1039/C4RA09993A

Li Q, Tan X, Fu L, Liu Q, Tang W. A novel fluorescence and resonance Rayleigh scatter-
ing probe based on quantum dots for the detection of albendazole. Analytical Methods.
2015;7:614-620. DOI: 10.1039/C4AY02289K

Nalefski EA, Shaw KTY, Raos A. An ion pair in class Il major histocompatibility complex
heterodimers critical for surface expression and peptide presentation. The Journal of
Biological Chemistry. 1995;270(38):22351-22360. DOI: 10.1074/jbc.270.38.22351

189



190 Spectroscopic Analyses - Developments and Applications

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

Nagai H, Miwa N, Segawa M, Wakida S, Chayama K. Quantification of Ag(I) and kinetic anal-
ysis using ion-pair extraction across a liquid/liquid interface in a laminar flow by fluorescence
microscopy. Journal of Applied Physics. 2009;105:102015-1-102015-7. DOI: 10.1063/1.3116092

Farhadi K, Savojbolaghi AK, Farajzadeh M, Maleki R. Development of turbidimetric meth-
ods for the determination of some N-substituted phenothiazine derivatives using sodium
dodecyl sulphate and mercury (II) chloride. Analytical Letters. 2003;36(10):2183-2198. DOL:
10.1002/jccs.200300021

Basavaiah K, Charan VS. Spectrophotometric and turbidimetric determination of meth-
dilazine using bromophenol blue. Indian Pharmacist. 2003;2(18):96-100

Basavaiah K, Charan V. Ion-pair complexometric determination of cyproheptadine
hydrochloride using bromophenol blue. Science Asia. 2004;30(2):163-170

Bauer DR, Hudson B, Pecora R. Resonance enhanced depolarized Rayleigh scattering
from diphenylpolyenes. Journal of Chemical Physics. 1975;63:588-589

Stanton SG, Pecora R, Hudson BS. Resonance enhanced dynamic Rayleigh scattering.
Journal of Chemical Physics. 1981;75:5615-5626

Pasternack RF, Bustamante C, Collings PJ, Giannetto A, Gibbs EJ. Porphyrin assem-
blies on DNA as studied by a resonance light-scattering technique. Journal of American
Chemical Society. 1993;115:5393-5399. DOI: 10.1021/ja00066a006

Li], Yang X, Yang J, Lai L. Resonance Rayleigh scattering and nonlinear scattering meth-
ods for the determination of nicardipine hydrochloride using eosin Y as a probe. RSC
Advances. 2016;6(31):25887-25893. DOI: 10.1039/C5RA25851K

Yang J, Wang E, Zhou S, Yang Q. Effects of (R)- and (S)-propranolol hydrochloride enan-
tiomers on the resonance Rayleigh scattering spectra with erythrosine B as probe and
their analytical applications. Talanta. 2015;134:757-760. DOI: 10.1016/j.talanta.2014.12.030

Han W, Qu F, Shang ], Lu W, Yang ], Ma Q. Determination of Amikacin in different pharma-
ceutical formulations using a resonance Rayleigh scattering method with pontamine sky blue.
Current Pharmaceutical Analysis. 2014;10(2):105-111. DOIL: 10.2174/1573412910999140214094944

Li Q, Tan X, Li J, Pan L, Liu X. Glutathione-capped CdTe nanocrystals as probe for the
determination of fenbendazole. Spectrochimica Acta-Part A: Molecular and Biomolecular
Spectroscopy. 2015;141:10-15. DOI: 10.1016/j.saa.2015.01.026

Tan X, Li Q, Shen Y, Wu H, Zaho Y, Yang J. Chiral recognition of tyrosine enantiomers
based on decreased resonance scattering signals with silver nanoparticles as optical sen-
sor. Chirality. 2015;27(3):194-198. DOI: 10.1002/chir.22410

Quiao M, Li C, Shi Y, Liu S, Liu Z, Hu X. Study on interactions of aminoglycoside anti-
biotics with calf thymus DNA and determination of calf thymus DNA via the resonance
Rayleigh scattering technique. Luminescence. 2015;30(7):1159-1166. DOI: 10.1002/bio.2876

Xiao X, Huang M, Wang Y, Gan L, Zhu G, Xue J. Spectroscopic study on the interaction
of pyronine y with nucleic acids and its analytical application. Spectroscopy Letters.
2012;45(8):569-574. DOI: 10.1080/00387010.2011.652335



[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

lon-Pair Spectrophotometry in Pharmaceutical and Biomedical Analysis: Challenges and...
http://dx.doi.org/10.5772/intechopen.69778

Cui ZP, Liu SP, Liu ZF, Zheng HZ, Hu XL, Xue JX, Tian J. Interaction of proteins with
aluminum(Ill)-chlorophosphonazo III by resonance Rayleigh scattering method.
Luminescence. 2014;29(7):728-737. DOI: 10.1002/bio.2614

Chen Z, Wang Z, Chen ], Chen X, Wu ], Wu Y, Liang J. Resonance light scattering technique
asanew tool to determine the binding mode of anticancer drug oridonin to DNA. European
Journal of Medicinal Chemistry. 2013;66:380-387. DOI: 10.1016/j.ejmech.2013.05.042

Mohseni-Shahri FS, Housaindokht MR, Bozorgmehr MR, Moosavi-Movahedi AA.
The influence of the flavonoid quercetin on the interaction of propranolol with human
serum albumin: Experimental and theoretical approaches. Journal of Luminescence.
2014;154:229-240. DOI: 10.1016/j.jlumin.2014.04.033

Florea M, Monciu CM, Ilie M. Resonance Rayleigh scattering study of streptomycin-
congo red ionic association in view of analytical application. Farmacia. 2014;62(2):318-328

Lu W, Fernandez Band BS, Yu Y, Li QG, Shang JC, Wang C, Fang Y, Tian R, Zhou LP, Sun
LL, Tang Y, Jing SH, Huang W, Zhang JP. Resonance light scattering and derived tech-
niques in analytical chemistry: Past, present and future. Microchimica Acta. 2007;158:29-
58. DOLI: 10.1007/s00604-006-0670-2

Huang CZ, Pang XB, Li YF, Long Y]. A resonance light scattering ratiometry applied
for binding study of organic small molecules with biopolymer. Talanta. 2006;69:180-186.
DOI: 10.1016/j.talanta.2005.09.022

Laaksonen A. Three-dimensional structure in water-methanol mixtures. The Journal of
Physical Chemistry A. 1997;101:591-591. DOI: 10.1021/jp970673c

Mejia SM, Mills MJL, Shaik MS, Mondragon F, Popelier PLA. The dynamic behavior of a
liquid ethanol-water mixture: A perspective from quantum chemical topology. Physical
Chemistry Chemical Physics. 2011;13:7821-7833. DOI: 10.1039/c0cp02869j

Liao Q, Li WH, Luo LG. Determination of heparin in plasma by HPLC coupled with
resonance light scattering detection. Chromatographia. 2013;76:1677-1682. DOI: 10.1007/
s10337-013-2526-3

Qi L, Han ZQ, Chen Y. Incorporation of flow injection analysis or capillary electropho-
resis with resonance Rayleigh scattering detection for inorganic ion analysis. Journal of
Chromatography A. 2006;1110(1-2):235-239. DOI: 10.1016/j.chroma.2006.01.053

Anderson KM, Esadze A, Manoharan M, Briischweiler R, Gorenstein DG, Iwahara ]J.
Direct observation of the ion-pair dynamics at a protein-DNA interface by NMR spectros-
copy. Journal of American Chemists Society. 2013;135:3613-3619. DOI: 10.1021/ja312314b

Hosseinzadeh R, Khorsandi K. Methylene blue, curcumin and ion pairing nanoparticles
effects on photodynamic therapy of MDA-MB-231 breast cancer cell. Photodiagnosis
and Photodynamic Therapy. 2017;18:284-294. DOI: 10.1016/j.pdpdt.2017.03.005

191



ntechOpen

ntechOpen



