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ABSTRACT

The rhodamine-cyclohexane (L1-L3) were synthesized via a coupling
reaction between Rhen and cyclohexane dicarboxylic acid under estimated condition to
obtain moderate isolated yield.

The various of PEG (Mn 400, 4000, and 6000) were coupling with
rhodamine ethylenediamine to obtained the rhodamine-PEG (L5-L7) in high yield.
Moreover, the rhodamine-PEG (L5) showed a rapid response to pH from 1 to 3 through
color and fluorescent changes.

A rhodamine-based colorimetric and fluorescent pH chemosensor (L8) was
designed and synthesized by a coupling reaction between rhodamine ethylenediamine
and succinic anhydride. The L8 showed excellent pH response in aqueous solution. In
addition, common cations did not interfere (Na*, K*, Ag*, Mg?*, Ca?*, Pb%*, Co?*, Ni?*,
Cu?*,Zn?*, Cd?*, Hg?*, AI¥*, Cr¥*, Fe3* Au®*, Pt?*, Ru®*) with the pH response process.
To further study it’s potential as a portable pH sensor, L8 was immobilized on activated
cellulose = paper using N,N'-dicyclohexylcarbodiimide (DCC) and N,N'-
dimethylpyridin-4-amine (DMAP) as coupling reagent to obtain the composite pH
sensor (CP- L8). The CP- L8 was characterized by ATR-FTIR, UV-vis, Fluorescence
and SEM techniques. The CP-L8 showed a rapid response to pH range from 1 to 8
through color and fluorescent changes. Moreover, a paper pH sensor can be reused by
dipping in NaOH. Therefore, our work demonstrates the potential of rhodamine-dye
composites for visualizing pH changes in real systems.

Keyword : Rhodamine, cyclohexane, PEG, pH sensor paper
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CHAPTER 1
INTRODUCTION

1.1 Supramolecular chemistry

Supramolecular chemistry, also known as “chemistry beyond the molecule”,
focuses on the study of molecular recognition and high-order assemblies formed by
noncovalent interactions. In 1987, the Nobel Prize in Chemistry was awarded jointly to
Donald J. Cram, Jean-Marie Lehn, and Charles J. Pedersen “for their development and
use of molecules with structure-specific interactions of high selectivity”. This
established supramolecular chemistry as a well-accepted chemical discipline. Because
supramolecular systems are made from building blocks that are linked together by
noncovalent interactions, they can show stimuli-responsive behavior. What’s more,
fascinating chemical architectures, such as rotaxanes, catenanes, and knots (Figure 1 and
2), which are difficult to prepare from covalent chemistry, can be easily prepared
through templated synthesis [1].

A supramolecule is a well-defined discrete system generated through
interactions between a molecule (receptor or host) having convergent binding sites such
as donor atoms, sites for formation of hydrogen bonds and sizable cavity, and another
molecule (analyte or guest) having divergent binding sites such as hydrogen bonding,

dipole-dipole, charge transfer, van der Waals, and n—= stacking interactions (scheme 1)

[2].

Figure 1 Graphic representations of (a) [2]rotaxane and (b) [2]catenane [3].



Figure 2 Molecule of (a) [2]rotaxane and (b) [2]catenane [3].
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Scheme 1 Component of supramolecular chemistry [4].
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1.2 Molecular recognition and chemical sensor

Molecular recognition is defined by the energy and the information involved
in the binding and selection of substrate by a given receptor molecule; it may also
involve a specific function. Mere binding is not recognition, although it is often taken
as such. One may say that recognition is binding with a purpose, like receptors are
ligands with a purpose. It implies a pattern recognition process through a structurally
well-defined set of intermolecular interactions. Binding of a top forms a complex or
supermolecule characterized by its (thermodynamic and kinetic (Figure 3)) stability and
selectivity, i.e., by the amount of energy and of information brought into operation [5].

€3 €3

b) ‘ ’
=) ‘

=,

Figure 3 Molecular Recognition (a) Static and dynamic (b) molecular recognition

The chemical sensor is an analyzer that responds to a particular analyte in a
selective and reversible way and transforms input chemical quantity, ranging from the
concentration of a specific sample component to a total composition analysis, into an
analytically electrical signal, as depicted in scheme 2 The chemical information may
originate from a chemical reaction by a biomaterial, chemical compound, or a
combination of both attached onto the surface of a physical transducer toward the
analyte. The chemical sensor subject is an emerging discipline formed by the
multidisciplinary study among chemistry, biology, electricity, optics, mechanics,
acoustics, thermology, semiconductor technology, microelectronics technology, and

membrane technology [6]. The example of chemical sensor was presented in Figure 4.
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Scheme 2 Diagram of a sensor that produces an electrical output

in response to the presence of an input quantity [6].
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Figure 4 Pyrene-based sensor that functions as a fluorescent probe for Pb%* [7].



1.3 Fluorescence sensor

Fluorescence is the phenomenon of emission of light quanta by a molecule or
supramolecular structure (fluorophore) after initial electronic excitation in a light-
absorption process. After excitation by absorbing the light quanta, a molecule resides
for some time in the so-called excited state and its fluorescence emission can be
observed usually with a lower energy (longer wavelength) than the excitation. Such
change in fluorescence emission color with respect to the color of incident light was
first observed by Irish scientist George Stokes and is called the Stokes shift. The time
scale of fluorescence emission depends on both the fluorophore and its interactions with

local environment. Thus, for organic dyes the fluorescence lifetime is in picosecond

(ps) to nanosecond (ns) time range, typically 108 to 10! s,
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Figure 5 Typical absorption and fluorescence emission spectra. fluorescence
spectrum is located at longer wavelengths with respect to the absorption spectrum.
The area between absorption and emission spectrum is shadowed. The distance

between their band maxima is called the Stokes shift.
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Molecular constructs can be made in such a way that they integrate both the
recognition and reporter elements of a sensor, allowing target detection in a direct way.
Such sensors are essentially the ‘direct sensors’, since the transduction of signal
generated on the step of recognition does not need any additional steps or additional
interacting partners. Such molecular sensors are ‘affinity-based’ because the signal is
produced by the target-sensor interaction itself, in contrast to ‘catalytic sensors’, in
which the signal is caused by a catalytic substrate transformation. The label in most
cases is a fluorescent dye or nanoparticle (a fluorophore), leading to a signal of
fluorescence emission that is relatively easy to record. Fluorescence is often very
sensitive to the changes of molecular environment and not only to target binding. If its
change is coupled with molecular recognition event, this property can be also applied
in sensing. In a broader sense, fluorescence allows visualization of sensor-target

interactions with high spatial resolution (Figure. 6).
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Figure 6 The range of application of fluorescence sensing technologies.




Thus, fluorescence sensing is essentially a label-based approach (intrinsic
fluorophores, such as tryptophan in proteins, can be considered as naturally imposed
labels). When comparing this approach with the label-free methods based on detection
of changes of refractive index, charge or mass at the sensor surface or heat effects, one
has to note the following important point. Testing often involves side effects produced
by contaminants. These contaminants also have mass and charge; they change
refractive index and produce heat effects. This results in background signal that may
induce a serious complication when these techniques are used for testing realistically
complex samples, such as blood serum. In contrast, specific labeling in sensing
technologies always makes the response more specific leading to reduction of false

positive complications in results [8].

1.4 The most efficient dyes for labeling

High quantum yield of fluorescence emission in solutions can be achieved in
the case of resonant or mesomeric dyes, such as fluoresceins (1), Rhodamines (4), and
cyanines (2). Their skeleton is rigid, which allows minimizing the vibrations-related
energy losses and their electronic density is delocalized over the whole fluorophore.
Because of the absence of strong charge asymmetry their interaction with polar
environment is small and it is the reason why we observe their small Stokes shift and

low spectral sensitivity to the environment.
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Figure 7 Structure of mesomeric dyes; fluorescein (1) and cyanines dye (2).



There are several classes of dyes that conform in the best way to the criteria
for optimal labels and tags. They can be efficiently used if a ‘responsive’ function is
not needed. Those are the modified fluorescein and Rhodamine derivatives, BODIPY
and also cyanine dyes. Synthetic chemistry suggests many improvements in their

properties.
1.5 Introduction to Rhodamine B

Rhodamine is classes of highly fluorescent dyes, Rhodamines are derivatives
of xanthene (3). Rhodamine (4) was divided into 2 type: Rhodamine 6G (5) and
Rhodamine B (6). Which the first fluorescent dyes to be used as laser dyes. Their
absorption and emission spectra are quite narrow and the Stokes shift is small. They
emit fluorescence in the range 500-700 nm [9]. Rhodamine are, owning there structural
rigid affect to fluorescent. In addition, their fluorescence efficiency show a peculiar
depend on the substitution pattern of amino group. If these are only partially substituted
by alkyl group, the fluorescence efficiency is close to unity and nearly independent of

solvent polarity and temperature [10].
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Figure 8 Structure of xanthene and Rhodamine.



1.6 Introduction to Rhodamine B derivative

Three types of modification of Rhodamine derivatives can be envisioned:
modification of the amino groups of xanthene moiety (positions 3 and 6); modification
of the carboxyphenyl ring at positions 4" and/ or 5" or modification of the position 2
carboxylic group (Figure 1.9). Although 2'-position could be seen as the easiest to
functionalize since it bears already a functional group (a carboxylic acid or ester,
depending on the Rhodamine) and 2" -position modified called Rhodamine spirolactam

derivative [11].

Rl: RZ: R35 1{4 = Ha alkyl
Rhodamine

Figure 9 Position structure of Rhodamine B.

1.7 Rhodamine Based chemosensor

Rhodamine spirolactam derivatives is colorless and non-fluorescent in common
(protic or aprotic) solvents, which structurally equilibrates to a colored and highly
fluorescent ring-opened amide form upon analyte induced binding. or reaction. For
example, acidic pH and metal can induce a non-fluorescent Rhodamine spirolactam to
be a highly fluorescent Rhodamine derivatives (Scheme 3) [12]. The mechanism for

spirolactam open ring by cation of Rhodamine derivatives shown as Scheme 4 [13].
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Spirolactam form Ring-opened amide
colorless, non-fluorescent colored, stronly fluorescent

Scheme 3 Spirolactam ring-opening process of Rhodamine derivatives [12].

Fluorescent Fluorescent

Scheme 4 Cu?* induced spirolactam ring opening mechanism [13].
1.8 Introduction to the research problemand its significant
In topic 1.4-1.7 mentioned about Rhodamine B based chemosensor. It show

Rhodamine B as fluorophore which specific with metal ion and H*. This is a reason for

interesting to apply Rhodamine B as a sensor for metal ions and pH detection.
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Heavy metals are defined as metallic elements that have a relatively high
density compared to water. With the assumption that heaviness and toxicity are inter-
related, and that are able to induce toxicity at low level of exposure [14]. They can
affect many different areas of the brain and their associated functions, resulting in a
variety of symptoms. These include personality changes (irritability, shyness,
nervousness), tremors, changes in vision (constriction (or narrowing) of the visual
field), deafness, muscle incoordination, loss of sensation, and difficulties with memory
[15]. The traditional methods used for quantification of heavy metal ions are atomic
absorption spectrometry (AAS) [16], inductively coupled plasma atomic emission
spectrometry (ICP-AES) [17], X-ray fluorescence [18]. However, these methods are
mostly labor-intensive and time consuming. Therefore, sensor was developed for easy
to detect by simple instrument and save cost to detection such as UV-Vis, fluorescence
spectrometer.

The detection of pH is also importance because it commonly plays a key role
in a variety of systems including chemical and biological properties such as the
hardness of water and oxygen consumption depend on pH value that effect to survival
of marine [19,20]. Moreover pH value is important experimentally in the laboratory.
Several detection methods such as acid-base titration [21,22] and potentiometric
titration [23,24] have been employed to detect pH value, however these technique can
be inaccurate and many other factors have to be taken into consideration to get the
correct value. Nowadays, There are many techniques using organic materials for pH
detection, for example, logic gates [25], optical sensors [26], and fluorescence sensors
[27,28]. Fluorescence sensors have been especially used for pH detection due to their
high sensitivity, high selectivity and save cost [29].

This thesis is focusing an 3 topic:

I) Rhodamine-cyclohexane: In this topic will present about the synthesis of
Rhodamine derivative coupling with cyclohexane dicarboxylic acid. The synthesis was
proceeded by various of coupling reagent, solvent , precursor amount and temperature.

I1) Rhodamine-Polyethylene glycol (PEG): The second topic represent a
various of molecular weight (400, 4000 and 6000) of polyethylene glycol (PEG).

Which it was linked with Rhodamine derivative by coupling reaction. Moreover, The
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probe was study of selectivity with metal ions, pH estimated and applied to micelle
sensor.

I11) Rhodamine anhydride: The last topic will present about the synthesis of
Rhodamine derivative coupling with succinic anhydride. Moreover, the probe was

study selectivity with metal ions, pH estimated and applied to portable sensor.

1.9 Objectives of research

1.9.1 To synthesize of Rhodamine derivative with cyclohexane dicarboxylic
acid via coupling reaction

1.9.2 To synthesize of Rhodamine derivative with polyethylene glycol via
coupling reaction

1.9.3 To synthesize of Rhodamine derivative with succinic anhydride via
coupling reaction

1.9.4 To study the selectivity and sensitivity of sensor for heavy ion detection

1.9.5 To study the selectivity and sensitivity of sensor for pH detection

1.9.6 To establish the portable pH sensor.



CHAPTER 2
LITERATURE REVIEW

2.1 Rhodamine-cyclohexane chemosensor

During the past of decayed, the cyclohexane system for designing fluorescence
sensor have play importance rule due to structure flexible and good properties to
establish a chemical sensor.

In 1998, C. Monahan and cowaorkers [30] synthesized the excimer/ monomer
fluorescence probe for a pyrene functionalized cis-cyclohexane-1,3-dicarboxylate (P1).
The conformational switching can be induced by divalent and monovalent metal cations
(Figure 10a), as well as strong and weak acids. Analogue P1 exhibits large changes in
fluorescence and is thus sensor for Lewis and Brgnsted acids. Moreover, The two
pyrenyl groups in structure P1 are in close proximity to each other and are able to
exhibit intramolecular excimer fluorescence. With structures 1b, 3b and 4b, the pyrenyl
groups are separated and the favorability of excimer formation is decreased. This was
found to be the case in MeCN solution where titration of the bis(tetrabutylammonium)
salt of 2b with strong acid resulted in a stoichiometric decrease in the excimer/monomer
fluorescence ratio. The titration curve (Figure 10b) indicates that only 1 equiv. of nitric

acid is needed to completely switch the excimer/ monomer ratio.

a CO,H CHO,
Ha
CO,H CO,H Ht CO,H
Ha ‘ HO,C R Ha
fb R R e R
la,b 2a,b P1 4a,b
COzH a R = Me
CO H b R = H2CH2CH2CH2C
R
Ha
Hb R

3a,b
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Figure 10 (a) synthesis route of 12, (b) change in excimer/monomer ratio for P1 in
MeCN upon titration with (A) CsNO3, (xX) RoNOs, (e) KNOgz, (O) NaNOs, (m)
NHsNOs and (+) HNOz. (c) change in excimer/monomer ratio for P1 upon titration
with CaCl,. Excitation at 346 nm, monomer emission at 397 nm, excimer emission at
470 nm.

Cyclohexane-1,2-diamine-based bisbinaphthyl macrocycles ((S)-/(R)-P2) and
their cyclic and acyclic analogues were synthesized by Z. B. Li and coworkers in 1998
[31]. The interactions of these compounds with various chiral acids are studied.
Compounds (S)-/(R)-P2 exhibit highly enantioselective fluorescent responses and high
fluorescent sensitivity toward R-hydroxycarboxylic acids and N-protected amino acids.
Among these interactions, (S)-mandelic acid (20 M) led to over 20-fold fluorescence
enhancement of (S)-P2 (1.0 x 10-5 M in benzene/0.05% DME) at the monomer
emission, and (S) hexahydromandelic acid (10° M) led to over 80-fold fluorescence
enhancement. These results demonstrate that (S)-P2 is useful as an enantioselective
fluorescent sensor for the recognition of the chiral acids. On the basis of the study of
the structures of (S)- P2 and the previously reported 1,2-diphenylethylenediamine-
based bisbinaphthyl macrocycle (S)- P2, the large fluorescence enhancement of (S)- P3
with a chirality-matched R-hydroxycarboxylic acid is attributed to the formation of a
structurally rigidified host-guest complex and the further interaction of this complex
with the acid to suppress the photoinduced electron-transfer fluorescent quenching

caused by the nitrogens in (S)-P2.
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Figure 11 (a) structure of P2, P3, Fluorescence enhancement of (b) (S)-P2 and (c)
(R)-P2 (1.0x10° M in benzene/0.05% DME) versus concentration of (R)- and
(S)-mandelic acid (hex=332 nm).
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Aliphatic a,0-dicarboxylates of five cyclohexane (P4, P5) were synthesized
by Costero and coworkers in 1998 [32]. The studied P4 and P5 have been designed
following the binding site-signalling unit approach and they all possess thiourea groups
as recognition moieties. Ligands P4 and P5 containing naphthalene units can be used
as fluorescent sensors as they form intramolecular or intermolecular excimers in the
presence of appropriate dicarboxylates. Studies carried out with P4 and P5
demonstrated that in the presence of succinate and malonate a new band appears around
490 nm and 495 nm repectivly show as Figure 12a and 12b.
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Figure 12 (a) structure of P4esuccinate, PSemalonate. A fluorescence spectra (in
DMSO 10° M, )ex 290 nm) of (b) P4 + increasing amounts of succinate,

(c) P5 + increasing amounts of succinate.
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In 2008, M. A. Costero and coworkers [33] synthesized a new chiral
cyclohexyl based fluorescent anion receptors and their absolute configuration has been
determined by using circular dichroism (CD). The stoichiometries and equilibrium
constants were determined by fitting the UV spectra of equilibrium mixtures (Figure
13b) for P6 and P7 with L-aspartate and for other ligands and dicarboxylates. The
stoichiometry of the complexes formed by ligands P6 and P7 was 1:1 with all the
studied dicarboxylates. The complexation constant values were also very similar. By
contrast, ligands P6 and P7 showed a 2:1 stoichiometry in their complexes with L-, D-
aspartate and L-, D-glutamate, and a 1:1 stoichiometry with L-, D-tartrate. The chiral
discrimination ability of these ligands for chiral dicarboxylates has been studied and

the best results have been obtained with TMA aspartate.
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Figure 13 (a) structure of P6 and P7, (b) UV spectra in DMSO of P6 (10> M) +
TMA L-aspartate (left) and P7 (10° M)+TMA L-aspartate (right).
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A new Rhodamine Based fluorescent turn on sensor P8 were synthesized by
S. Sahana and coworkers in 2018 [34]. The result is highly selective and sensitive
chemosensor for the Cr3* ion in a CHsCN-H,0 solution. In presence of Cr3* ion, the
strong fluorescence enhancement is attributed due to the interaction of Cr®* with P8
(Figure 14b), leading to opening of the spirolactam ring of Rhodamine B to the amide
form. The Cr3* sensing mechanism is also supported by the Job’s plot, ESI-MS, H-
NMR titration ‘experiments. Importantly, P8 shows high selectivity over other
biologically relevant metal ions. Also, anions do not show any effect (Figure 14c).
In addition, the detection limit is found to be up to 7.5 nM which is acceptable within
the EPA (US) limit. The probe is also able to function within a broad biological pH
range of 4-8.
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Figure 14 (a) structure of P8, (b) Absorption spectra of metal-free P8 (10 mM) and in
the presence of 10 equiv. of various metal ions in MeCN:H20 (4:1, v/v, 10 mM
HEPES buffer, pH = 7) medium. (c) emission spectra of P8 (10 mM) and that of in
the presence of 10 equiv. of various metal ions in a MeCN: H-O (4:1, v/v, 10 mM
HEPES buffer, pH = 7), Lex = 520 nm.

In the pioneer period of cyclohexane base sensor, The most research have
designed ligand for acid detection such as nitric acid and mandelic acid. Moreover,
pyrene and naphthalene were selected for fluorescence signaling unit. Later, the ligand
was designed contained a thiourea as a binding site for succinate and malonate.
Recently, the ligand was designed the cyclohexane liked Rhodamine for Cr3* detection.

In literature review above, the flexible of cyclohexane show a key role in
sensing process. Which that effect to increase performance of sensors. And it also make

increase a sensitivity and selectivity.
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2.2 Rhodamine-polyethylene glycol (PEG) chemosensor

The advantage of PEG is highly soluble in water. Therefore, we selected the
PEG in this work for increasing polarity of sensor and detect metal ions in aqueous
solution.

In 2011, T. Liu and coworker [35] synthesized PEG-b-P(MEO;MA-co-
OEGMA-c0o-ZQMA) (P9), which can serve as dual fluorescent chemosensors for
temperature and Zn?* ions (Figure 15h). At 20°C, P9 can selectively bind Zn?* ions over
other common metal ions (Figure 15c), leading to the prominent fluorescence
enhancement with a detection limit down to ~3.0 nM. Upon heating above the critical
micellization temperature (CMT), the fluorescence intensity of P9 in the absence of
Zn?* jons exhibits a 6.0-fold increase in a narrow temperature range of 26-32°C.
Furthermore, the effective detection range of temperatures can be facilely tuned by
simply varying OEGMA molar contents in the thermoresponsive block. A part from
this, reversible sensing of Zn?* ions can be achieved at 37 °C (Figure 15d), although the
detection limits slightly increased to ~14 nM for P9 and ~10 nM for P9 In vitro
fluorescence imaging studies demonstrated that the micelles can effectively enter into
living cells and sensitively respond to Zn?* ions.
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Figure 15 (a) Structure of P9, illustration for the fabrication of thermoresponsive P9,
of Zn?* lons and Temperature. (c) Fluorescence emission spectra of P9 (0.2 g/L,
[ZQMA] = 5.0x10° M) upon addition of 4.0 equiv (relative to ZQMA moieties) of
various metal ions (Zn?*, AI¥*, Ba?*, Ca?*, Co?*, Cu®*, Fe?*, Fe**, Ag®, Hg?*, Li*,
Mg?*, Mn?*, Ni?*, Pb?*, and Cd?*), respectively. (d) changes in relative fluorescence
of P9 (5.0x10® M) upon sequential addition of 4.0 equiv of Zn?* ions and EDTA
at 37 °C, four cycles were tested in each case.
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In 2014, P. J. Bishnu and coworkers [36] prepared a functionalized resin by
immobilization of the fluorescent peptide sensor into PEG-PS resin beads (P10) and
investigated the sensing ability for the metal ions in aqueous solutions. The
functionalized resin was easily used for detecting heavy metal ions in aqueous solutions
using spectrofluorometer with stirrer (Figure 16b). The functionalized resin with the
peptide sensor showed a selective response to Cu(ll) and Zn(ll) ions among 13 metal
ions in aqueous solutions (Figure 16c¢). The functionalized resin with the peptide sensor,
showed a turn off response to Cu(ll) and a turn on response to Zn(ll) ions in aqueous
solutions. The resin showed a very sensitive response to Cu(ll) and Zn(ll) ions; about
1 equiv. of the metal ions was enough to saturate the fluorescent change of the resin.
Furthermore, the recycle of the resin bead for detecting metal ions was demonstrated
by simply washing of the resin with EDTA solution and fluorescent response for Cu(ll)
ions (Figure 16d).
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Figure 16 (a) structures of the functionalized PEG-PS resin with the peptide sensor
(P10) and (b) the fluorescent measuring of PG1-PEG-PS suspension. (c) Fluorescence
response of PG1-PEG-PS (50 uM) in the presence of Zn(Il) (1 equiv.) and additional

metal ions (1 equiv.). (d) Fluorescence emission spectra of PG1-PEG-PS (50 uM) in

the presence of (left) Cu?* (50 uM) and EDTA (2 mM) (right) Zn?* (50 uM) and
EDTA (2 mM).

7-nitro-2,1,3-benzoxadiazole-4-allyl-N-(thiophen-2-ylmethyl)carbamate

(P11) was synthesized by Z. Y. Xu and coworkers [37] (Figure 17a). P11 displayed
specific and ratiometric fluorescent responses toward palladium species (Figurel7b, c).
The chemosensor showed more than 50-fold enhancement in fluorescence intensity
with the presence of PEG400 and palladium because P11 can be transformed to P11’
under palladium-catalyzing Tsuji-Trost reaction. P11 displayed high selectivity and
sensitivity for palladium species with the detection limit of

1.13x10° M.
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Figure 17 (a) palladium detection based on the Tsuji—Trost reaction. (b) of P11
fluorescent spectra of P11 (1 uM) in the presence of various metal ions (1 uM) in
PEG400 solutions incubated for 2 h at 55°C. (c) the emission intensity at 526 nm.

In 2017, G. Li and coworkers [38] developed a water-soluble polymer based
colorimetric chemosensor, P12, which showed real-time and turn-on colorimetric
responses to Cu?* ions with high selectivity and sensitivity over other competitive ions
in pure aqueous solution (Figure 18D, c). The detection limit (2.5x10® M) of P12 for
Cu®* fell sufficiently below the safe limit of Cu?* in drinking water (20 mM).
Furthermore, the absorption intensity of the P12-Cu?* complex remained unaffected
over a wide pH range of 4-10 (Figure 18d), and P12 could be applied to analyse Cu?*
in real environmental samples within the wide pH range. In addition, the response to
Cu?" ions has been found to be reversible by the EDTA-titration experiments (Figure
18e). Moreover, a test paper based on P12 has been fabricated, which could serve as a
practical colorimetric sensor for the convenient detection of Cu?* ions in real samples.
Based on these results, we believe that P12 will be an excellent prototype to develop
chemosensors based on water-soluble polymers for the detection of metal ions in pure

aqueous solutions.
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Figure 18 (a) structure of P12. (b) UV-Vis absorption spectra of P12 in agueous
solutions (10 mM) upon addition of various metal ions. (c) reversible changes in
absorbance intensity of P12 (10 mM) at 561 nm upon alternate addition of Cu®* and
EDTA ions. (d) colorimetric changes of P12 in aqueous solutions (10 mM) upon

addition of various metal ions.

The water-soluble fluorescent sensor P13 for mercury ion has been designed
and synthesized by W. Du and coworkers in 2017 [39]. This P13 display 1:1 complex
formation with mercury ion (Figure 19a), which could be monitored by the spectral
changes as well as color changes. It showed high sensitivity and selectivity for Hg?*
recognition in comparison to other metal ions in pure aqueous solution (Figure 19b).
Especially, it should be noted that these fluorescence experiments were performed in a
pure aqueous solution (Figure 19c), which is different from other probes determined in

organic solvent or mixed solutions. Based on these conditions, this sensor show a great
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potential in the detection and analysis of diverse mercury-related cases in biological,

medical and environmental areas.

Fluorescence intensity
fluorescence intensity

Wavelength (nm)

Figure 19 (a) structure of P13. (b) Fluorescence spectra of P13 (10 umol/L) in
aqueous solution the presence of 10 equiv. of various metal ions. (c) fluorescence
intensity of P13 (10 umol/L) in aqueous solution the presence of 10 equiv. of various

metal ions.

literature review in topic 2.4 represents performance of PEG for establish a
sensor. They increase a polarity of sensor which effect to sensitivity and sensitivity.

Most systems consist of water which is a simulation in real examples.



27

2.3 Rhodamine base chemosensor

Rhodamine, a classical fluorescent dye, has been widely used as a probe for
metal ions detection. Because they have a high selectivity and high sensitivity with
metal ions. However, it also can detect H*. Therefore, Rhodamine was used for pH
detection.

In 2010, Best Q. A. and coworkers [40] synthesized Rhodamine derivative
(P14, P15) for the fluorescence based detection of pH. P14, P15 exhibited “off-on”
quenching as solutions went from basic to acidic, which was characterized as a
spirocyclic structure by UV-Vis and NMR. P14 has been proposed to be the most
biologically relevant probe, because of its dynamic response in the “acidic window”
(Figure 20c). P15 has interesting photophysical behavior and is related to a PET-type

mechanism (Figure 20d); further spectroscopic interrogation is underway.
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Figure 20 (a) structure of P14 , (b) structure of P15 ,-/Absorbance spectra (c) P14 and
(d) P15 at various values of pH. Measured using 0.37 uM solutions
in 15% EtOH/H20 (v/v).



28

In 2013, Hu Z. Q. and coworker [41] were fabricated a highly sensitive
fluorescent acidic pH probe based on Rhodamine B-2-aminobutenedioate conjugate.
When the H* concentration falls within the pH range of 4.0-6.5 (Figure 21c), the
spirolactam unit of P16 was opened, which resulted in the dramatic enhancement of
both fluorescence and absorbance intensity as well as the color change of the solution
(Figure 21b). Background metal ions showed small or no interference with the detection
of H*. Confocal laser scanning microscopy experiments showed that P16 can be applied

to detect acidic pH variations in living cells with a turn-on signal.
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Figure 21 (a) structure of P16. (b) changes of color of RBDAB in MeCN/water
(10/90, viv) buffer solution (0.1 M citrate buffer solutions) with different pH. The pH
from left to right is 4.0, 5.0, 6.0 and 7.0. (¢) and UV-Vis absorption spectra of 10 mM

P16 at different pH.

In 2013, Lv H. S. coworkers [42] were synthesized a new pH fluorescent probe
(P17), based on structural changes of Rhodamine dye at different pH values. The P17
exhibits high selectivity, high sensitivity and quick response to acidic pH (Figure 22
(b), as well as low cytotoxicity, excellent photostability, reversibility and cell
membrane permeability. Fluorescence intensity at 584 nm was increased more than
150-fold within pH range 7.51-3.53 (Figure 22c). This probe has pKa value 4.71, which

is valuable for studying acidic organelles. Because of its long absorption and emission
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wavelengths, P17 can avoid associated cell damage. The probe can selectively stain

lysosomes and monitor lysosomal pH changes in living cells.
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Figure 22 (a) pH sensing mechanism of P18. (b) Fluorescence images of RCE in
buffers of various pH values under ultraviolet light (365 nm). From left to right: 7.51,
5.25, 4.76, 4.01. (c) fluorescence spectra of P18 (10 uM) in buffer at various pH

values.

In 2015, Tan J. L coworkers [43] synthesized and characterized a ‘‘off—on’’
colorimetric and fluorescent Rhodamine analogue, and used to monitor extreme acidity
(below pH 3.5) via the photophysical response to pH (Figure 23d). The colorless
spirocyclic structure at high pH (pH > 7.0) opened to the colored and highly fluorescent
form at very low pH (pH < 3.0) (Figure 23b, c). This sensitive pH probe was
characterized with short -response time, good reversibility and no interaction with
interfering metal ions, and the quantitative relationship between the fluorescence
intensity and pH value was consistent with the equilibrium equation
pH = pKa - log[(Imax-1)/(1-1min)].



30

— 1.70 170
b —— 1.8 C S 101
018 — 101 218
J— 234
0.16 - g'gﬁ 2.37
161 - 4000 4 268
— 2.37| 279
0.14 2.68 2 ——2.84
—— 279 3 — 295
3000 4

8 a2 ——2.84 £ 3.24
2 E —— 352
g —3.03 ° — 365

Q S .
5 0.0 —3.24 £ uad ——3.81
2 ——3.52 3 ——4.10

0

< ggs ] ——3.65 4 W
- ——3.81 S o3

2 1000 —.
0.06 3.95 = 7.35
——4.88| 850
——5.69| = ——09.21
004+ 6.55, 0 - 9.86

850 11.00)
0.02 . . . . . . T T T T T T T T T
450 500 550 600 650 480 500 520 540 560 580 600 620 640 660

Wavelength (nm)

Figure 23 (a) pH sensing mechanism of P19. (b) Absorption spectra of P19 (25 uM)

in solution (buffer-EtOH, v/v = 1:1) with different pH. (c) The fluorescence spectrum

of P19 (25 uM) in solution (buffer-EtOH, v/v = 1:1) with different pH, Lex = 562 nm.
(d) The color change of P19 (25 uM, buffer-EtOH, v:v = 1:1) at different pH.

Recently, D. Lee coworkers [44] developed a highly sensitive and selective
pH sensor, Rhodamine-based fluorescence dye P20. The fluorescent emission of P20
at 588 nm increased with the pH decreasing from pH 7.0-4.0 (Figure 24c, d) due to the
ring-opening of spirolactam by H™. P20 exhibited good water solubility, high quantum
yield, and fast response to pH changes. Moreover, P20 can stain lysosomes in living
cells with highphotostability and low cytotoxicity. Importantly, P20 was used for
monitoring pH changes in lysosomes induced by chloroquine, artesunate and

dexamethasone.
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Figure 24 (a) structure of P20 (b) pH reversibility study of 1 between pH 4.0 and pH
7.0 (hex= 550 nm, Xem= 588 nm). (c) UV/Vis Absorption and (d) fluorescence spectra
of 1 (10 uM) in BR buffer solution containing 1% MeCN with different pH.

In topic 2.3 show a high performance of sensor based Rhodamine as the result
of highlight of color when spirolactam ring was opened. Moreover, Rhodamine probes

have a good work on specific length of pH.
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2.4 Metal ions sensor based Rhodamine derivative

In chapter 1, we mentioned about mechanism of spirolactam ring opening of
Rhodamine with metal ion. Therefore, Many research attempted to design and synthesis
Rhodamine probe that can detect a metal ion or more. In topic 2.4 will show research
about Rhodamine probe with metal ions detection.

Rhodamine appended tripodal (P21) were designed and synthesized Kumaresh
G. coworkers [45] in 2012. The receptor selectively recognizes Hg®* ions in CH3CN—
water (4:1, v/v; 10 uM tris HCI buffer, pH 7.0) by displaying a ratiometric change in
emission (Figure 25b). Additionally, the visual detection is possible by a sharp change
in color. The receptor shows in vitro detection of Hg?* ions in human cervical cancer
(HeLa) cells.
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Figure 25 (a) structure of P21, (b) fluorescence titration spectra of 1 (c = 4.41x107°
M) in CHsCN-water (4:1, v/v; 10 pM tris HC1 buffer, pH 7.0) upon addition of Hg?*;

Inset: Color change of the receptor solution under illumination of UV light.

In 2013, Z. Di coworkers [46] designed and synthesized Rhodamine-based
fluorescent - (P22), which contained a hydrophilic group, were designed as
fluoroionophores and chromophores (Figure 26a) for the optical detection of Hg?* ions
in water with a broad pH span (3-10). As expected, it exhibited high selectivity and
sensitivity for Hg?" over other commonly coexistent metal ions in water (Figure 26b,
c). Its selectivity was excellent, and the detection limit was measured to be 0.2 ppm.

The significant changes in the fluorescence color could be used for naked-eye detection.
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Figure 26 (a) structure of P22, (b) Absorption spectra (c) fluorescence spectra of P22
(10 pM) in water with the presence of 10 equiv. of various species.

In 2013, G. Kumaresh coworkers [47] synthesized Rhodamine-based
recognizes Hg?* and Cu?" ions in agueous CHsCN, but when immobilized onto
merrifield resin to give P23, this sensor system selectively detects Hg?* ions over a
series of other metal cations in water (Figure 27c, d). The detection can be performed
colorimetrically and fluorimetrically. The ensemble P23-Hg?* can also distinguish dl-

homocysteine from I-cysteine in water by both analytical methods.
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Figure 27 (a) structure of P23, (b) color of P23 in the presence of the specified metal
ions (c=8.25x10* M) in water. (c) Absorption spectra and (d) fluorescence spectrum
of P23 after keeping the beads in contact with aqueous solutions of

different metal salt.

In 2013, Y. Fanyong and coworkers [48] designed and prepared P24 from
Rhodamine B and Phthalimido Gly. The sensing behavior of P24 was studied by UV-
Vis and fluorescence spectroscopy. P24 showed excellent high selectivity and
sensitivity towards Hg?* over commonly coexistent metal ions in neutral solution
(Figure 28b, c), which could be attributed to the Hg?*-triggered ring opening of the
spirolactam of the Rhodamine moiety and the formation of a 1:1 P24-Hg?* complex
(Figure 28d). The limit of detection (LOD) based on 3dwiank/k Was calculated to be
2.8 x1078 M, as well as an excellent linear relationship with the concentration of Hg?*
in the range from 0.1x10° to 1.0x 10~ mol/L (R?=0.98927). In addition, the effects of
pH, coexisting metal ions, and the reversibility were investigated in detail.
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Figure 28 (a) structure of P24, (b) UV-Vis absorption spectra of probe 1 (10.0 uM) in
the presence of Hg?* (0-2 equiv.) in C2HsOH-water (4:6, v/v) buffered with HEPES
pH = 7.0 solution at room temperature. Inset: (c) showing the change in the color of

P24 (10 uM) upon addition of Hg?" ions (2 equiv.); (d) Job’s plot for determining the

stoichiometry of P24 and Hg?* ion by absorbance at 561 nm, the total concentration of

[Hg?*] + [P24] was 10 uM.

In 2013, G. Kumaresh and coworkers [49] were designed and synthesized a
Rhodamine-based chemosensor (P25) The receptor selectively recognizes Co?* (Figure
29b)and Hg?* ions (Figure 29¢) in CHsCN/water (4:1, v/v; 10t M tris HCI buffer, pH
6.8) by showing different extents of change in emission. The disappearance of colour
of mercury-ensemble of P25 followed by appearance of distinct bluish color under UV
illumination upon addition of L-cysteine distinguishes Hg?" from Co?* ions (inset
Figure 29b). The receptor shows in vitro detection of both the ions in human cervical

cancer (HeLa) cells.
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Figure 29 (a) structure of P25, Absorption titration spectra of 1 (¢ = 2.25 x10™* M) in
CH3CN/H20 (4:1, v/v; 10 IM tris HCI buffer; pH 6.8) upon addition of
(b) Co?*,and (c) Hg?".

In 2013, B. Jeane and coworkers [50] synthesized fluorescent sensor (P25) for
iron. Its electronic absorption spectrum in ethanol has bands at 410 (¢ = 500 cm * mol
L), 316 (e =14x10° cm ™ mol* L), and 272 nm (e = 32x10% cm™ mol* L), and it is pH
sensitive (Figure 30e) with two pKa values (1.2 and 2.8). It reacts promptly with Fe®*,
with a pesudo-first order rate constant of 1x10° s*, with an equilibrium constant of
1.3x10° mol™ L, forming a violet complex (Amax=540 nm) with a fluorescent emission
at 582 nm, with a higher sensitivity and selectivity compared to those of Fe?*, Ba?*,
Al K*, Ca?*, Ni%*, Co?*,Cd?!, Cr¥* Hg?*, Mg?*, Mn?*, Na*, or Cu?* (Figure 30d).
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Figure 30 (a) structure of P25 (left) and P25-Fe**complex (right). Inset: (b) P25- only
colorless solution, and (c)-P25 plus Fe*, violet color solution, both in EtOH.

(d) Fluorescence spectra of the mixture of rhodenal ethanolic solution(1 mL of 1.4x
107 mol L) with 2.6 equivalents of various metal ion (1.4 mL of 9.0x10™* mol L™?)
pH 7.0, 20 mM Tris—HCI buffer. (e) Effect of pH on the fluorescence intensity of
rhodenal (20 pL, 7.0x10~2 mol L) in EtOH:universal buffer (1:1, v:v) solution.
Resting time of each sample before the measurement was 18 h. pH dependent

fluorescence at 582 nm.

A Rhodamine-based chemodosimeter (P26) were synthesized by Z. Di and
coworkers [51] in 2013. P26 contained at osyl group acted as a strong electron acceptor.
As expected, P26 exhibited high selectivity and excellent sensitivity in both absorbance
and fluorescence detection of Hg?* in aqueous solution. The coordination of P26 with
Hg?* was chemically nonreversible and it was based on the fact that Hg?* exhibited a
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strong thiophilic affinity (Figure 31b). Addition of Hg?* to an ethanol aqueous solution
of P26 resulted in a color change from colorless to obvious pink color, these significant
changes in color could be used for naked-eye detection. Furthermore, fluorescence
imaging experiments of Hg?* ions in living MGCB803 cells demonstrated its value of

practical applications in biological systems.
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Figure 31 (a) structure of P26. (b) Fluorescence spectra of L2 (10 mM) in CH3CH0-
H20 (1/1, v/v) with the presence of 10 equiv. of various species Inset: fluorogenic
color response of P26 (10 mM) in CH3CH20-H20 (1/1, v/v)
to Hg?* (10 eq.) under UV illumination (365 nm).

In 2015, L. Yao and coworker [52] synthesized chemosensor (P27) which
contained a strong electron-withdrawing group. As expected, the P27 exhibited high
selectivity and excellent sensitivity in both absorbance and fluorescence detection of
Fe®* (© (CH30H, H20) = 3/7, 1 mM Tris-HCI buffer, pH = 7.40) (Figure 32b). Upon
addition of Fe3*, the solution of the P27 resulted in a color change from colorless to
obvious pink: These significant changes in color could be used for naked-eye detection.
Furthermore, fluorescence imaging experiments of Fe* ions in living MGC-803 cells

demonstrated its value of practical applications in biological systems.
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Figure 32 (a) structure of P27. (b) fluorescence spectra of 2 (10 uM) in ® (CH3sOH,
H20) = 3/7 (1 mM Tris-HCI buffer, pH = 7.40) solution with the presence of 10

equiv. of various species.

Two low cytotoxic fluorescence probes (P28 and P29 were synthesized by J.
Cuicui and coworkers in 2015 [53]). P28 and P29 exhibited an excellent selectivity to
Fe3* (Figure 33b, c, d), which was not disturbed by Ag*, Li*, K, Na*, NH4", Fe?*, Pb?*,
Ba%*, Cd?*, Ni?*, Co?*, Mn%*, Zn?*, Mg?*, Hg?*, Ca*, Cu?*, Ce%*, AcO', Br, CI', HPO4*
, HSOg, I, NOg", S203%, SO3 % and SO+ ions. The detection limits were 1.8x107 M
for P28 and 5.60x10°" M for P29, respectively. 1:1 stoichiometry and 1:2 stoichiometry
were the most likely recognition mode of P28 or P29 towards Fe**, and the

corresponding OFF-ON fluorescence mechanisms of P28 and P29 were proposed.
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Figure 33 (a) structure of P28 and P29. Fluorescence spectra of P28 (b) and P29 (c)
(10 uM) in EtOH/H,0 (8:2, v/v) upon addition of 10 equiv Ag", Li*, K*, Fe?*, Pb?*,
Ba%*, Cd?*, Ce*, Ni?*, Co?*, Mn?", Fe**, Zn?*, Mg?*, Hg?*, NH4*, Ca®*, Cu?*, Na*; (d)
The color changes of P28 and P29 (100 uM) in the presence of different metal cations
(2 eg) under UV light (365 nm).

In 2015, S. Pailin and coworker [54] synthesized Rhodamine-alkyne conjugate
(P30) for selective detection of Au3* in a reversible manner. Rhodamine was coupled
with o-phenylenediamine bearing a propargyl moiety. P30 displayed high selectivity
and sensitivity toward Au®" with a 148-fold ‘‘turn-on” fluorescence response in EtOH-
H20 (1:1 v/v) (Figure 24b). The stoichiometry of the chemosensor and Au®" was 1:1
based on the Job plot analysis with the detection limit of 10.5 nM. The chemosensor is

membrane permeable and capable of monitoring Au®* in cultured Hela cells.
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Figure 34 (a) structure of P30. (b) Selectivity of P30 toward Au®" among various
metal ions. Solutions of P30 (60 M, orange bars) with metal ions (1 equiv.) in
EtOH-H.0 (1:1, v/v). Solutions of P30 (60 uM, green bars) with various metal ions
(1 equiv.) in EtOH-H20(1:1, v/v) and EDTA (1 equiv.). Upon the addition of Au®*,
the colorless solution of P30 changes to pink and a strong fluorescence emission is

observed.

In topic 2.4 show a high performance of metal ions detection by Rhodamine
probe. It can detect one or more metal ions that high selectivity and sensitivity.
Moreover, some sensors can reuse by added chelating agent. This literature review is

being guide for a research in further.



CHAPTER 3

MATERIALS AND METHODS

3.1 Materials

3.1.1 Instrumentals

'H-NMR was measured with a Varian 400 MHz spectrometer in CDCls

and DMSO-ds with TMS as internal reference. High resolution mass spectra (HRMS)

was measure on a Biflex Bruker Mass spectrometer at Department of Chemistry,

Chulalongkorn University. Fluorescence spectra in solution was measured with a

Perkin Elmer LS 50B and absorbance spectra were recorded with a Perkin Elmer

Lambda 25 UV/Vis spectrometer at Department of Chemistry, Maha Sarakham

University. Solid state fluorescence was measured on Fluoromax-4 at Rajabhat Maha

Sarakham University. FT-IR spectra were recorded with a Bruker Tensor 27 FT-IR.

Scanning Electron Microscopy (SEM) was performed with a Zeiss (LEO) 1450VP at

Faculty of Science, Khon Kaen University. The pH value was adjusted with a Metrohm

713 pH Meter.
3.1.2 Chemicals

Table 1 list of chemicals and reagents used in this work.

Chemical Formula Grade Company
1,3-cyclohexanedicarboxylic acid | CgH1202 Reagent Sigma Aldrich
1,4-cyclohexanedicarboxylic acid | CgH1202 Reagent Acros
4-Dimethylaminopyridine C7H10N2 Reagent Fluka
Chloroform CHCIs AR BDH Prolabo
Dichloromethane CH:Cl2 AR Merck
Dimethyl sulfoxide C2H6SO AR Merck
Ethanol C2Hs0H AR BDH Prolabo
Ethyl acetate C4HsO2 Commercial | Zen Point
Ethylenediamine CoHsN: Commercial | Carlo Erba
Ethylenediamine C2HsN:2 Commercial | Carlo Erba
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Table 1 list of chemical and reagent used in this work (cont.).

Hexane CeHa4 Commercial | Zen Point
Methanol CH3OH AR BDH Prolabo
N-(3-Dimethylaminopropyl)-N'- CgH17N3-HCI | Reagent Fluka
ethylcarbodiimide hydrochloride
N,N'-Dicyclohexylcarbodiimide CisH22N2 Reagent Fluka
Polyethylene glycol (Mn~400) (C2H40)nOH | - Fluka
Polyethylene glycol (Mn~4000) (C2H40)nOH | - Ajax
Polyethylene glycol (Mn~6000) (C2H40)nOH | - Ajax
Rhodamine B C28H31CIN2O3 | - Sigma Aldrich
Silica gel SiI0 - Merck
Sodium bicarbonate NaHCOs3 - Riedel-de Haén
Sodium sulphate anhydrous Na2SO4 Reagent Sigma Aldrich
Succinic anhydride C4HgO4 - Carlo Erba
Tetrahydrofuran C4HsO AR Fisher
Toluene C7Hs AR Panreac

3.2 Methods

3.2.1 Synthesis of Rhodamine ethylenediamine (Rhen)

Vel Wgd
/\/NHZ
NH N
RS Is oS
/\ N
MeOH,; stirred )N 9 I\|I\
) . K Reflux, 24h ) .
Rhodamine B Rhodamine ethylenediamine
(Rhen)

Scheme 3.1 Synthesis route of Rhen.
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Rhodamine B ethylenediamine (Rhen) was synthesized by a modification
of [55]. Rhodamine B (0.40 g, 0.84 mmol) was dissolved in 10 mL of MeOH and
ethylenediamine diamine (0.44 mL, excess) added dropwise ethylene diamine (0.44
mL, excess). The mixture was stirred under N> gas at reflux temperature. After 24 hr,
the reaction was cooled to room temperature and solvent removed by a vacuum
evaporator. Crude of Rhen was dissolved in DCM, and washed with saturated NaHCO3
20 mL (x2), water 20 mL (x2) and saturated NaHCO3 20 mL (x2), respectively. The
organic phase was dried over anhydrous Na:SOs, filtered and solvent removed by rotary
evaporator under vacuum, then purified by column chromatography using 1:9:0.1
(MeOH: DCM: Triethylamine) to obtain Rhen (0.34 g, yield 84%). *H-NMR (400
MHz, CDClg) & 7.89-7.87 (m, 1H, ArH), 7.46-7.40 (m, 2H, ArH), 7.25-7.10 (m, 1H,
ArH), 6.44 (s, 1H, ArH), 6.38 (s, 1H, ArH) 6.37 (s, 2H, ArH), 6.29-6.25 (m, 2H, ArH),
3.32(q,J=6.8 Hz, 8H, NCH2CH3), 3.23 (t, J = 6.8 Hz, 2H, NCH2CH>), 2.47 (t,J = 6.8
Hz, 2H, NCH2CH:NH.), 1.72 (s, 2H, CH2CH2NH) and 1.16 (t, J = 7.2 Hz, 12H,
NCH2CHs). ATR-FTIR v 2968 cm™ (NH stretching), 1671 cm™ (C=0 stretching)
amide, 1611 and 1466 cm™ (Ar=CH).

3.2.2 Rhodamine-cyclohexane.

3.2.2.1 Synthesis of 1,3-cyclohexane N-(Rhodamine B)-lactam-ethylene
diamines (L1, L2).

The synthesize of Rhodamine-cyclohexane for sensor was optimized by
various of solvents, coupling reagents, catalysts and temperatures which show in

condition I-V.



Table 2 Condition I-V for synthesis of L1 and L2.

Condition | Coupling | Catalyst | Other | Temp | Time | Yield
reagent (°C) (hr) (%)
I DCC DMAP rt 36 87.5
I DCC DMAP 60 36 86.0
i DCC DMAP 120 36 88.5
v - - SOCl» rt 24 N.D.
Vv - - SOCly, rt 24 N.D.
EtsN
VI - - SOCly, rt 24 N.D.
EtsN
Vi - DMAP rt 24 N.D.
VI - - C20Cl, rt 24 N.D.
EtsN
IX DCC DMAP - rt 24 76.3
X EDC DMAP - rt 24 80.8
Condition I-VII1 were used DMF as a solvent.
Condition IX and X were used THF as a solvent.
*N.D.:not define.
Table 3 Condition 1-V for synthesis of L3 and L4.
Condition | Coupling | Catalyst | Other | Temp | Time | Yield
reagent (°C) (hr) (%)
I DCC DMAP - rt 36 85.0
1 DCC DMAP - rt 24 78.0
Il EDC DMAP - rt 24 64.1

Condition I was used DMF as a solvent.

Condition Il and 111 were used THF as a solvent.
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Scheme 6 Synthesis route of L1 and L2.
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3.2.2.1.1 Condition |

A Rhen (0.22 g, 0.41 mmol), 1,3-cyclohexanedicarboxylic acid (0.04
g, 0.18 mmol), DCC (0.09 g, 0.41 mmol) and DMAP (0.02 g, 0.20 mmol) were
dissolved in 10 mL of DMF then vigorous stirred under nitrogen atmosphere at room
temperature. The reaction was followed by thin layer chromatography (TLC). The
crude was purified by column chromatography 3:1 (hexane:EtOAc) to obtain L1
(0.1925 g, yield 87.5%). 'H-NMR (400 MHz, CDCls) 6 7.90 (s, 1H, Ar), 7.50 (s, 2H,
Ar), 7.09 (s, 1H, Ar), 6.50 — 6.22 (m, 5H, Ar), 3.40 (d, J = 7.1 Hz, 8H, CH>), 2.50 (t,
2H, CH>), 1.19 (s, 12H, CHa), 1.3-2.1 (m, 10H, cyclohexane).

O OH

HO

1,3-cyclohexane
dicarboxylic acid

Rhen,DCC,
DMAP/ DMF, rt

O; EOH

Scheme 7 The synthesis route of L1 and L2 under condition I.
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3.2.2.1.2 Condition 11

A Rhen (0.22 g, 0.41 mmol), 1,3-cyclohexanedicarboxylic acid (0.04
g, 0.18 mmol), DCC (0.09 g, 0.41 mmol) and DMAP (0.02 g, 0.20 mmol) were
dissolved in 10 mL of DMF then vigorous stirred under nitrogen atmosphere at 60°C.
The reaction was followed by TLC. The crude was purified by column chromatography
3:1 (hexane:EtOAc) to obtain L1 (0.0344 g, yield 86.0%). *H-NMR (400 MHz, CDCls)
0 7.90 (s, 1H, Ar), 7.60 (s, 2H, Ar), 7.12 (s, 1H, Ar), 6.30 — 6.45 (m, 5H, Ar), 3.35 (d,
J = 7.1 Hz, 8H, CHy), 2.50 (t, 2H, CH,), 1.30 (s, 16H, CHs), 1.8-2.3 (m, 10H,

cyclohexane) .

HO

0)
1,3-cyclohexane

dicarboxylic acid

Rhen, DCC,
DMAP/ DMF
60°C
&
5 SN

A L2 N

Scheme 8 The synthesis route of L1 and L2 under condition II.
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3.2.2.1.3 Condition 111

A Rhen (0.22 g, 0.41 mmol), 1,3-cyclohexanedicarboxylic acid (0.04
g, 0.18 mmol), DCC (0.09 g, 0.41 mmol) and DMAP (0.02 g, 0.20 mmol) were
dissolved in 10 mL of DMF then vigorous stirred under nitrogen atmosphere at 120°C.
The reaction was followed by TLC. The crude was purified by column chromatography
3:1 (hexane:EtOAc) to obtain L2 (0.0354 g, yield 88.5%). *H-NMR (400 MHz, CDCls)
0 7.90 (s, 1H, Ar), 7.60 (s, 2H, Ar), 7.02 (s, 1H, Ar), 6.20 — 6.50 (m, 5H, Ar), 3.35 (d,
J=7.1Hz, 8H, CH), 5.5 (s, 1H, NH), 2.30 (t, 2H, CH>), 1.2 (s, 16H, CH3), 1.8-2.5 (m,
10H, cyclohexane).

HO

0
1,3-cyclohexane

dicarboxylic acid

Rhen, DCC,
DMAP/ DMF
120°C

Oé EOH

Scheme 9 The synthesis route of L1 and L2 under condition I11.
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3.2.2.1.4 Condition IV
A 1,3-cyclohexanedicarboxylic acid (0.03 g, 0.18 mmol) was
dissolved in 10 mL of DMF and vigorous stirred. Then thionyl chloride (SOCI>) (56.17
pL, 0.75 mmol) was added dropwise into reaction and vigorous stirred under nitrogen
atmosphere at room temperature. After that, the Rhen was added into cyclohexane
dicarbonyl chloride. The reaction was followed by TLC. The crude was purified by

column chromatography 3:1 (hexane:EtOAC).

Os OH O Cl

SOCl, cl 1,3 -cyclohexage
carbonyl chloride
0 o)
1,3-cyclohexane
dicarboxylic acid

HO

Rhen, DMAP/
DME,
Et,)N, rt

Scheme 10 The synthesis route of L1 and L2 under condition IV.
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3.2.2.1.5 Condition V

A 1,3-cyclohexanedicarboxylic acid (0.03 g, 0.18 mmol) was
dissolved in 10 mL of DMF and vigorous stirred. Then thionyl chloride (SOCI>) (168.13
pL, 2.25 mmol) was added dropwise into reaction and vigorous stirred under nitrogen
atmosphere at reflux temperature for 4 hr. After that, cyclohexanedicarbonyl chloride
was evaporated and redissolved by 5 mL of DCM. Then cyclohexanedicarbonyl
chloride was added dropwise into the solution of the the Rhen (0.20 g, 0.41 mmol),
EtsN (58.85 pL, 0.41 mmol) and vigorous stirred under nitrogen atmosphere at room
temperature for 24 hr. The reaction was followed by TLC. The crude was purified by

column chromatography 3:1 (hexane:EtOAC).

Oy OH O Cl
1,3-cyclohexane
HO ﬂ» Cl carbonyl chloride
0 reflux, 4 hr O

1,3-cyclohexane

dicarboxylic acid Rhen, DMAP/
DMF, E,N, 1t
Os_OH
O
WgeS
N/\/N\'(g
AL 2
“N 0) NN
S L1 L
H
O N

/}ION/O\
L2 N

Scheme 11 The synthesis route of L1 and L2 under condition V.
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3.2.2.1.6 Condition VI

A 1,3-cyclohexanedicarboxylic acid (0.03 g, 0.18 mmol) was
dissolved in 10 mL of DMF and vigorous stirred. Then thionyl chloride (SOCI») (81.31
pL, 1.12 mmol) was added dropwise into reaction and vigorous stirred under nitrogen
atmosphere at reflux temperature for 4 hr. After that, cyclohexanedicarbonyl chloride
was evaporated and redissolved by 5 mL of DCM. Then cyclohexanedicarbonyl
chloride was added dropwise into the solution of the Rhen (0.20 g, 0.41 mmol), EtsN
(56.99 pL, 0.41 mmol) and vigorous stirred under nitrogen atmosphere at room
temperature for 24 hr. The reaction was followed by TLC. The crude was purified by

column chromatography 3:1 (hexane:EtOAC).

O Cl
1,3-cyclohexane
\'(5 SOFL 1\"/5 carbonyl chloride
reﬂux 4 hr O

I3 Cyd"h.exan.e Rhen, DMAP/
dicarboxylic acid

DMEF,
EtzN, 1t

Scheme 12 The synthesis route of L1 and L2 under condition VI.
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3.2.2.1.7 Condition VII

A 1,3-cyclohexanedicarboxylic acid (0.01 g, 0.09 mmol) was
dissolved in 10 mL of DMF and vigorous stirred. Then thionyl chloride (SOCI») (41.67
pL, 0.56 mmol) was added dropwise into reaction and vigorous stirred under nitrogen
atmosphere at reflux temperature for 4 hr. After that, cyclohexanedicarbonyl chloride
was evaporated and redissolved by 5 mL of DMF. Then cyclohexanedicarbonyl
chloride was added dropwise into the solution of the Rhen (0.10 g, 0.20 mmol), EtsN
(29.12 pL, 0.20 mmol), DMAP (0.03 mmol, 0.56 mmol) and vigorous stirred under
nitrogen atmosphere at room temperature for 24 hr. The reaction was followed by TLC.

The crude was purified by column chromatography 3:1 (hexane:EtOAc).

Os OH O Cl

1,3-cyclohexane

HO LCIZ» Cl carbonyl chloride
O reflux, 4 hr O

1,3-cyclohexane Rhen, DM AP/

dicarboxylic acid DMF, Et;)N, rt

@
OIS
X7

@
WSS
A R

\

Scheme 13 The synthesis route of L1 and L2 under condition VII.
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3.2.2.1.8 Condition VIII

A 1,3-cyclohexanedicarboxylic acid (0.01 g, 0.09 mmol) was
dissolved in 10 mL of DMF and vigorous stirred. Then oxalyl chloride (C202Cl>) (24.85
pL, 0.28 mmol) was added dropwise into reaction and vigorous stirred under nitrogen
atmosphere at reflux temperature for 4 hr. After that, cyclohexanedicarbonyl chloride
was evaporated and redissolved by 5 mL of DMF. Then cyclohexanedicarbonyl
chloride was added dropwise into the solution of the Rhen (0.1 g, 0.09 mmol), EtsN
(30.49 pL, 0.20 mmol and vigorous stirred under nitrogen atmosphere at room
temperature for 24 hr. The reaction was followed by TLC. The crude was purified by

column chromatography 3:1 (hexane: EtOAC).

Os_Cl
reﬂux 4 hr O

1,3- cyclohexane 1,3-cyclohexane
dicarboxylic acid carbonyl chloride
Rhen, Et;)N,
DMF rt
&
H
O N

O NO/\/E /—N)
0
/:,\1 o N/\
L2 L

Scheme 14 The synthesis route of L1 and L2 under condition VIII.



55

3.2.2.1.9 Condition 1X
A 1,3-cyclohexanedicarboxylic acid (0.03 g, 0.17 mmol), DCC (0.1
g, 0.41 mmol) and DMAP (0.02 g, 0.20 mmol) were dissolved in 10 mL of THF and
vigorous stirred for 3 hr. Then added solution of the Rhen (0.03 g, 0.17 mmol) and still
stirrer. The reaction is followed by TLC. The crude was purified by column
chromatography 3:1 (hexane:EtOAc) to obtain L1 (0.0229 g, yield 76.3%).

HO

O
1,3-cyclohexane

dicarboxylic acid

1. DCC, DMAP/ THF

2. Rhen, rt
Os_OH
(]
() YO
N/\/N
IO
L1

Scheme 15 The synthesis route of L1 and L2 under condition IX.
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3.2.2.1.10 Condition X
A 1,3-cyclohexanedicarboxylic acid (0.08 g, 0.46 mmol), EDC (0.2
g, 1.17 mmol) and DMAP (0.08 g, 0.56 mmol) were dissolved in 10 mL of THF and
vigorous stirred for 3 hr. Then added solution of the Rhen (0.03 g, 0.17 mmol) and still
stirrer. The reaction evaporate followed by TLC. The crude was purified by column
chromatography 3:1 (hexane: EtOACc) to obtain L1 (0.0647 g, yield 80.8%).

Oy OH

HO

O
1,3-cyclohexane

dicarboxylic acid

1. EDC, DMAP/ THF
2. Rhen, rt

S50

Ao U

Scheme 16 The synthesis route of L1 and L2 under condition X.
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3.2.2.2 Synthesis of 1,4-cyclohexane N-(Rhodamine B)-lactam-ethylene
diamines (L3, L4)

OH
HO

O
1,4-Cyclohexane
dicarboxylic acid

coupling
agent, cat.

N
e’
N L3

WN

L4

Rhen

Scheme 17 Synthesis route of L3 and L4



58

3.2.2.2.1 Condition |
A 1,4-cyclohexanedicarboxylic acid (0.01 g, 0.08 mmol), DCC (0.05
g, 0.20 mmol) and DMAP (0.01 g, 0.01 mmol) were dissolved in 10 mL of DMF and
vigorous stirred for 3 hr. Then added solution of the Rhen (0.1 g, 0.20 mmol) and still
stirrer. The reaction was followed by TLC. The crude was purified by column
chromatography 3:1 (hexane:EtOAc) to obtain L3 (0.0085 g, yield 85.0%).

OH
HO

O
1,4-Cyclohexane

dicarboxylic acid

1. DCC, DMAP/DMF
2. Rhen

O

OH

Scheme 18 The synthesis route of L3 and L4 under condition 1.



59

3.2.2.2.2 Condition 11
A 1,4-cyclohexanedicarboxylic acid (0.05 g, 0.34 mmol), DCC (0.20
g, 0.82 mmol) and DMAP (0.05g, 0.41 mmol) were dissolved in 10 mL of THF and
vigorous stirred for 3 hr. Then added solution of the Rhen (0.06 g, 0.34 mmol) and still
stirrer. The reaction was followed by TLC. The crude was purified by column
chromatography 3:1 (hexane:EtOAc) to obtain L3. (0.0390 g, yield 78%).

OH
HO

O

1,4-Cyclohexane
dicarboxylic acid

1. DCC, DMAP/THF
2. Rhen

m*@*
SR

Scheme 19 The synthesis route of L3 and L4 under condition II.
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3.2.2.2.3 Condition 111

A 1,4-cyclohexanedicarboxylic acid (0.08 g, 0.46 mmol), EDC (0.23
g, 1.17 mmol) and DMAP (0.08 g, 0.56 mmol) were dissolved in 10 mL of THF and
vigorous stirred for 3 hr. Then added solution of the Rhen (0.5 g, 1.03 mmol) and still
stirrer. The reaction was followed by TLC. The crude was purified by column
chromatography 3:1 (hexane:EtOAc) to obtain L3 (0.0513 g, yield 64.1%). *H-NMR
(400 MHz, DMSO-ds) 6 7.89 (s, 1H, Ar), 7.77 (s, 2H, Ar), 7.01 (s, 1H, Ar), 6.61-6.41
(m, 5H, Ar), 3.35(d, J = 7.1 Hz, 8H, CH>), 2.26 (t, 2H, CH?>), 1.26 (s, 16H, CH3).

OH
HO

0]
1,4-Cyclohexane
dicarboxylic acid

1. EDC, DMAP/THF
2. Rhen

O
OH

Scheme 20 The synthesis route of L3 and L4 under condition I1I.
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3.2.3 Rhodamine-PEG (L5, L6 and L7)
3.2.3.1 Synthesis of PEG-COOH

OO0 0 o
O @)

130°C
Scheme 21 Synthesis route of PEG-COQOH.

The PEG-400 (5.00 g, 1.25 mmol) was added to round-bottom flask then
added 25 mL of toluene and evaporated, the flask was cooled to room temperature and
charged with N2 gas before succinic anhydride (5 g, 5.0 mmol) was added. The reaction
mixture was allowed to stir at 130°C for 6 h. The crude product was dissolved in DCM,
and the solution was precipitated in cold diethyl ether and precipitation 2 time in
DCM/ether. The final product was obtained as white solid (PEG400-COOH, 0.4869
g, yield 97.38%). *H-NMR (400 MHz, CDCls) 6 12.14 (s, 2H, OH), 3.33 (s, 6H, CH>),
2.40 (d, 5H, CH2). ATR-FTIR v 3329 cm™ (O-H stretching) carboxylic, 2928 cm™ (CH
stretching), 1672 cm™ (C=0).

The PEG-4000 (2.50 g, 1.25 mmol) was added to round-bottom flask
then added 25 mL of toluene and evaporated, the flask was cooled to room temperature
and charged with N2 gas before succinic anhydride (0.02 g, 5.0 mmol) was added. The
reaction mixture was allowed to stir at 130°C for 6 h. The crude product was dissolved
in DCM, and the solution was precipitated in cold diethyl ether and precipitation 2 time
in DCM/ether. The final product was obtained as white solid (PEG4000-COOH,
0.2362 g, yield 94.52%).

The PEG-6000(2.50 g, 1.25 mmol) was added to round-bottom flask
then added 25 mL of toluene and evaporated, the flask was cooled to room temperature
and charged with N2 gas before succinic anhydride (0.02 g, 5.0 mmol) was added. The
reaction mixture was allowed to stir at 130°C for 6 h. The crude product was dissolved
in DCM, and the solution was precipitated in cold diethyl ether and precipitation 2 time
in DCM/ether. The final product was obtained as white solid (PEG6000-COOH,
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0.2281 g, yield 91.24%).
3.2.3.2 Synthesis of Rhodamine-PEG (L5)

0 0
HO)K/\I(O{\/\OAI/H\/ONOH
O (0]

Rhen, DCC, DMAP
DCM, 1t 48 h

W‘v MNWN
AN L

S

Scheme 22 Synthesis route of L5.

The PEG400-COOH (0.99 g, 1.66 mmol) was added to round bottom
flask, then added toluene and evaporated. After the flask was then cooled to room
temperature and charged with N2 gas, dry DCM (25 mL) was added. The DCC (0.51 g,
2.5 mmol), DMAP (0.04 g, 0.7 mmol) were added and stirred until homogenous. Added
Rhodamine derivatives (0.8 g, 1.88 mmol) in dry DCM. The reaction mixture was
stirred at room temperature for 48 h to obtain L5 (0.8112 g, 81.93%) 'H-NMR (400
MHz, CDClg) ¢ 7.87 (s, 1H, Ar), 7.36 (s, 2H, Ar), 7.01 (s, 1H, Ar), 6.23-6.34 (m, 5H,
Ar), 3.28 (d,J = 7.1 Hz, 8H, CH>), 3.01 (s, 8H, CH>), 2.26 (t, 2H, CH>), 2.07 (d, 56H,
CHy>), 1.26 (s, 16H, CH3). ATR-FTIR v 3351 cm™ (O-H stretching) carboxylic, 3010
cm™ (NH stretching), 1727 cm™ (C=0) amide, 1687 and 1419 cm™ (Ar=CH).
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3.2.3.3 Synthesis of Rhodamine-PEG (L6)

O O
u O)K/\H/O{\/\Otl\/om/\)J\OH
O O

Rhen, DCC, DMAP
DCM, rt ,48 h

M MNwN
AN JCL

S

Scheme 23 Synthesis route of L6.

The PEG4000-COOH (0.25 g, 0.09 mmol) was added round bottom
flask, then added toluene and evaporated. After the flask was then cooled to room
temperature and charged with N2 gas, dry DCM (25 mL) was added. The DCC (0.02 g,
0.19 mmol), DMAP (29.0 mg, 0.02 mmol) were added and stirred until homogenous.
Added Rhen (0.02 g, 0.07 mmol) in dry DCM. The reaction mixture was stirred at room

temperature for 48 h to obtain L6 (0.2161 g, 86.44%).
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3.2.3.4 Synthesis of Rhodamine-PEG (L7)

O O
H O)K/\H/O{\/\Otl\/om/\)J\OH
O O

Rhen, DCC, DMAP
DCM, rt ,48 h

M MNwN
AN AL

S

Scheme 24 Synthesis route of L7.

The PEG6000-COOH (1 g, 1.96 mmol) was added round bottom flask,
then added toluene and evaporated. Affer the flask was then cooled to room temperature
and charged with N gas, dry DCM (25 mL) was added. The DCC (0.062 g, 0.30 mmol),
DMAP (0.04 g, 0.7 mmol) were added and stirred until homogenous. Added
Rhodamine derivatives (0.01 g, 0.08 mmol) in dry DCM. The reaction mixture was
stirred at room temperature for 48 h.

3.2.4 Rhodamine anhydride (L8)
3.2.4.1 Synthesis of Rhodamine anhydride (L.8)

N/\,NH2 o 00 O N/\/N\n/\)]\
~ L, O UL (LI o~

Rhen RhA

Scheme 25 Synthesis route of L8.
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Rhodamine ethylenediamine anhydride (L8) was synthesized by a
modification of the method in [56]. The Rhen (0.25 g, 0.50 mmol) was dissolved in dry
DCM and succinic anhydride (0.04 g, 0.05 mmol) added and then stirred under N2 gas
at room temp. After 2 hr, solvent was removed from the mixture by vacuum evaporator
and the product purified by column chromatography using 1:9:0.1 (MeOH:DCM:
Triethylamine) to obtain L8 (0.23 g, yield 80 %) 'H-NMR (400 MHz, CDCl3) 6 11.92
(br s, 1H, COOH), 7.92-7.80 (m, 1H, ArH), 7.50-7.47 (m, 2H, ArH), 7.10-7.04 (m,
1H, ArH), 6.47-6.24 (s, 6H, ArH), 5.58(s, 1H, NH), 3.60 (g, J = 8 Hz, 2H, CH2NH),
3.34 (brs, 2H, NCH>), 3.09 (m, J = 12 Hz, 8H, NCH>CH?3), 2.55(br s, 2H, CH,COOH),
2.44(br s, 2H, CH>CONH), 1.40 (s, 12H, NCH2CHz3) and 1.16 (t, J = 16 Hz, 12H,
NCH2CHs). ATR-FTIR v 3351 cm™ (O-H stretching) carboxylic, 2971 cm™ (NH
stretching), 1725 cm™ (C=0) amide, 1632 and 1467 cm™ (Ar=CH).

3.2.4.2 Preparation of paper based sensor (CP-L8)

Modified cellulose paper was prepared by a method adapted from [57].
Sheets of cellulose paper (0.2x1 cm) were soaked in 0.1 M of NaOH for 10 min and
then washed with THF, DCM and dry DCM, respectively. L8 (0.25 g, 0.42 mmol),
DCC (0.10 g, 0.51 mmol) and DMAP (2.61 mg, 0.02 mmol) were mixed in 10 ml of
dry DCM. Dried sheets of cellulose paper were put into the mixture solution and shaken
for 10 h. Modification of cellulose paper was taken out of solution then washed with
THF, DCM and dry DCM, respectively.

3.3 Characterization

'H-NMR spectrometer was used for proven of L1, L2, L3, L5, L6, L8, PEG-
COOH, PEG400-COOH, PEG4000-COOH, Rhen. ATR-FTIR was used for proven
of Rhen, L6, PEG-COOH, PEG400-COOH and CP-L8. The surface morphology of

CP-L8 was perform by scanning electron microscopy.
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Scheme 26 Synthesis route of CP-L8.
3.4 Complexation studies of ligand and metal ions

The complexation study of ligand and metal ions were performed by mixed 2
mL of ligand with 1.5 ml of metal ions (Na*, K*, Ag*, Mg?", Ca?*, Pb?*, Co?", Ni?*,
Cu®*,Zn?*, Cd?*, Hg?*, AR, Cr¥*, Fe**, Au*', Pt?*, Ru?*). The mixtures were measure
by UV-Vis spectrometer (scan mode 250-700 nm) and fluorescence spectrometer
(excitation at 520 nm, emission at 540 nm (slit 10/10)).

3.5 The estimated pH of ligand
The solution of ligand was adjusted pH value by 0.1 M of NaOH and HCI. The

result was measured by UV-Vis (scan mode 250-700 nm) and fluorescent spectrometer
(excitation at 520 nm, emission at 540 nm (slit 10/10)).
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3.6 The estimated pH of ligand




CHAPTER 4
RESULTS AND DISCUSSION

4.1 Synthesis of Rhodamine ethylenediamine (Rhen)

The precursor (Rhen) were easily synthesized in good vyields by a
condensation reaction of Rhodamine B and ethylenediamine under N2 atmosphere at
reflux temperature for 3 days. Then workup and purification to give Rhen in 84%.
Chemical position of Rhen were proven by 'H-NMR , FTIR and mass spectrometer.
The *H-NMR spectrum showed characteristic signals of —CHz and —CH groups in the
region of 1.0-2.1 and 2.2-2.6 ppm, aromatic protons at 7.8-5.5 ppm. FTIR spectrum
appear 3336 (NH), 2962 (C-H), 2935, 2852 (-C-H), 1682 (C=0), 1620, 1517 (C]C),
1227 (C-O). MS (MALDI-TOF) calcd. for [C3oH3sN4O2]*: m/z 484.28. Found: m/z
485.91 [M+H]*

A .LJ }( k_.___.J.

T T T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 15 30 15 2.0 15 1.0 0.5 4.0

Figure 35 'H-NMR spectrum of Rhen.



4.2 Rhodamine-cyclohexane (L1-L4)
4.2.1 Synthesis and characterization of L1-L4

E5P

LIt
N~
L
“N O N/\
) L2

155 *@*
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Figure 36 Structure of L1, L2, L3 and L4.
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The L1-L4 were synthesized by a amidation reaction of Rhen and 1,3 or 1,4-
cyclohexane dicaboxylic acid. DCC and DMAP were used coupling reagent and
catalyst in reaction. The reaction was proceeded under N> atmosphere at room
temperature for 36 hr in DMAF or THF. The product had yield about 52.07-76.19%.

4.2.1.1 Synthesis and characterization of L1

ey U%M

T T T T T T T T T T T T T T T T
8.0 7.3 7.0 6.5 6.0 3.5 5.0 4.5 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5

Figure 37 *H-NMR spectrum of L1.

The L1 was completely synthesized in condition 1I, which DCC, DMAP
as a coupling reagent and catalyst, respectively. The reaction was set at 60°C in DMF
about 3 days. The purification was proceeded by column chromatography 3:1
(hexane:EtOAc) to obtain L1 (0.0344 g) with 86%. yield. The *H-NMR spectrum
showed characteristic signals of -CH and -CH groups in the region of 1.0-2.1 and 3.5-
2.3 ppm, aromatic protons at 7.9-6.2 ppm and amide proton at 5.5 ppm.
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4.2.1.2 Synthesis and characterization of L2

8.0 7;5 7‘.l] 6;5 ﬁ‘.l] 5.‘5 5‘.0 4.5 ll.‘l] 315 3;l] 215 Zjl] 1‘.5 ljl] l}.‘SJ
Figure 38 *H-NMR spectrum of L2.

The L2 was completely synthesized in condition I, which DCC, DMAP
as a coupling reagent and catalyst, respectively. The reaction was set at 120°C in DMF
about 3 days. The purification was proceeded by column chromatography 3:1
(hexane:EtOAC) to obtain L1 (0.0354 g) with 88.5% vield. The *H-NMR spectrum
showed characteristic signals of -CHz and -CH groups in the region of 1.0-2.1 and 3.5-

2.3 ppm, aromatic protons at 7.9-6.2 ppm and amide proton at 5.5 ppm.
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4.3 Rhodamine-PEG (L5, L6 and L7)
4.3.1 Synthesis and characterization of PEG-COOH, L5-L7

0O O
o OJ\/\H/O{\/\O‘I/\/O\H/\)LOH
O 0

PEG-COOH

o A0
HO 0 N~
M ‘[\/\0’11111\/\[r N
| 2 I
N 0 N

LS5-L7 )

Figure 39 Structure of PEG-COOH and L5-L7.

4.3.1.1 Synthesis and characterization of PEG-COOH

The PEG-COQH was synthesized by coupling reaction of PEG (various
molecular weight; 400, 4000 and 6000) and succinic anhydride without solution at high
temperature about 6 h. The PEG-COOH has a white solid after recrystallization by
DCM/Ether. The products given high yield; 97.38, 94.52 and 91.24 % for PEG400-
COOH, PEG4000-COOH and PEG6000-COOH, respectively.
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Figure 40 *H-NMR spectrum of PEG-COOH

4.3.1.2 Synthesis and characterization of L5-L7

The Rhodamine-PEG (L5, L6) was synthesized by coupling reaction of
Rhen and PEG-COOH. First step, polyethylene glycol was modified at end by
succinic anhydride under N2 atmosphere at high temperature without solvent. After 6
hr, polyethylene glycol carboxylic acid was linked with Rhen via DCC, DMAP as
coupling reagent and catalyst, respectively. After workup give yield about 97.38% of
L5 (pink solid) and 94.52% for L6 (white film). However, we cannot synthesize the L7
by use the L5 and L6 synthesis method.
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Figure 41 *H-NMR spectrum of L5
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Figure 42 *H-NMR spectrum of L6.

The *H-NMR spectrum of PEG-COOH showed characteristic signals
of -OCHz and =OCH groups at 2.3 and 3.3 ppm and carboxylic acid proton at 12.0 ppm.
IR spectrum show -OH (3830 cmt), C=0 (1631 cm™) and -CH (2928 cm) peak. The
'H-NMR spectrum of L5 showed characteristic signals of -CH; and -CH groups in the
region of 1.0-2.1 and 2.5-3.0 ppm, -OCH> at 3.28 ppm, NH of amide at 4.0 ppm and
aromatic protons at 7.0-7.8 ppm. IR spectrum show OH (3100 cm™), -NH (2931 cm™),
amide (1727 c¢cm™) and aromatic (1687 and 1419 cm™) peak. UV-Vis absorption
spectrum of L5 appeared at 270 and 315 nm due to ligand localized n—n* and n—n*
transitions. Moreover, the UV-Vis and fluorescent spectra of L5 disappeared absorption
and emission transition at 400-600 nm region (Figure 43) and the solution has colorless
which confirmed that the Rhodamine ring-closed spirolactam form was present in these

compounds [58].
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Figure 43 (a) UV-Vis spectrum of L5 and (b) fluorescence spectrum of L5
7\,ex= 520 nm, }\,em:540 nm.
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4.3.2 Complexation study with metal ions
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Figure 44 (a) UV-Vis spectra (b) fluorescence spectra of L5 (10° M) added various
metal ion (10° M) in EtOH.

We studied the UV-Vis and fluorescent selectivity of L5 (10° M) with 10°
> M of Na*, K*, Ag*, Mg?*, Ca?", Pb?*, Co?", Ni?*, Cu?* Zn?*, Cd?*, Hg?", AI**, Cr¥*,
Fe3*, Au*, Pt?* and Ru?*. The result is absorption and emission not appeared at 400—
600 nm and solution has colorless. Therefore, metal ions cannot induce a spirolactam

ring opening.
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Figure 45 (a) UV-Vis (b) fluorescence spectra of L5 (10° M)
added various metal ions (10 M) in EtOH.

In Figure 45, we studied complexation of L5 (10 M) with-high concentrate
only 5 metal ions such as Cu?*, Hg?*, AI**, Fe**and Au®* (102 M). The UV-Vis and

fluorescence spectra not changed that confirmed a L5 not respond with a high
concentration of metal ions.
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4.3.3 Micellar sensor study
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Figure 46 Fluorescence spectra of (a) L5 (5x10 M)+SDS and (b) L5 (5x10° M)
+TX-100 added 5 metal ion (10 M) in EtOH.

Micellar sensor study, we use SDS and Triton X-100 as a surfactant at
critical micelle concentration (CMC). Only 5 metal ions were used in this study such
as Cu?*, Hg?*, AI**, Fe®* and Au®* (10 M). Fluorescence spectra not appear emission
at region 550-600 nm. The result indicated that the micellar sensor cannot ring-opened
spirolactam.
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4.3.4 pH study of L5
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Figure 47 (a) UV-Vis spectra (b) fluorescence spectra of L5 (10° M)
various pH (1-12).

The pH estimated was studief with different pH in the range of 1.0-12.0 by
adjust the solution of L5 (5x10° M) with various amount of 0.1 M HCI or NaOH
aqueous solution. The solution of L5 changed from colorless to pink color at low pH
(1-4). The UV-Vis and fluorescence spectra of L5 in pH 1-3 showed a significant
increase at 580-600 nm due to H*- induced spirolactam ring-opening. Therefore, L5

can operate effectively at low pH.
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4.4 Rhodamine Anhydride (L8)
4.4.1 Synthesis and characterization of L8

The L8 was readily synthesized in two steps. First, Rhodamine B was
converted to Rhodamine ethylenediamine (Rhen) using a condensation reaction of
Rhodamine B and ethylenediamine under N2 refluxed for 3 days in small amount of
MeOH. Then, amidation reaction between Rhen and succinic anhydride was prepared
in dry DCM at room temperature for 2 hr to give L8 in 80% yield. Chemical structure
and purity of chemosensor were proven by UV-Vis, fluorescence, ATR-FTIR and SEM

techniques.

12.5 11.5 10.5 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00

Figure 48 *H-NMR spectrum of L8.

From Figure 48, the *H-NMR spectrum showed characteristic signals of
-CH? and -CH groups in the region of 1.0-2.1 and 2.2-2.6 ppm, aromatic protons at
7.8-5.5 ppm and a carboxylic proton in 11-12 ppm, respectively. UV-Vis spectrum of

L8 appeared absorption peaks at 270 and 315 nm due to ligand localized n—n* and
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n-m* transitions. Moreover, the UV-Vis absorption and fluorescence emission spectrum
of L8 in the 400-600 nm were not found (Figure 49) and the solution was colorless
which confirmed that the Rhodamine ring-closed spirolactam form was presented in

these compound [58].

4.4.2 Selectivity of L8
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Figure 49 Fluorescence spectra of L8 in the present various metal ions (10 uM) and
proton in MeOH:H,O (Ratio 1:1).

Considering that oxygen and nitrogen atoms can bind with various metal
ions in solution, it is very important to determine whether other ions have potential to
interfere. Upon addition of Na*, K*, Ag*, Mg?*, Ca?*, Pb?*, Co?", Ni**, Cu?*,Zn?*, Cd?*,
Hg?*, AR, Cr3*, Fed*, Au®', Pt**, Ru®* at 10 pM to L8 solutions at neutral pH, no
significant changes were observed in the fluorescence spectra as shown in Figure 49. It
might be that there are not sufficient coordination sites between various metal ions and
L8, which cannot induce the spirolactam ring-opening and fluorescence emission from
Rhodamine B. However, lower pH (higher concentrations of H*) can induce
spirolactam ring-opening and fluorescence emission. The results demonstrated that L8

can selectively detect pH changes in the presence of various metal ions [59].
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4.4.3 Characterization of L8 and application.

To further apply the L8 as a portable pH sensor, the Rhodamine ethylene
diamine anhydride (L8) was grafted into activated cellulose papers. In this strategy, the
Rhodamine moiety supplied the pH sensitive component via acid induced ring-opening
reaction. The successive chemical modification of L8 on cellulose paper (CP-L8) was
proven using ATR-FTIR, SEM and solid stated fluorescent. The FTIR spectrum of CP-
L8 exhibited characteristic absorption bands of cellulose material in the region of 3500
(O-H), 2900 (C-H) and 1100 (C-O) ecm™ and showed absorption bands of Rhodamine
at 1648 and 1626 (C=0) cm™. Moreover, the NH amide linked peak at 3450 cm™ was
confirmed the chemical modification of L8 on cellulose papers. In addition, ATR-FTIR
was also used to confirm the binding of the carbonyl group on Rhodamine moieties of
CP-L8 with H*. This was clearly observed that upon addition of H* as shown in Figure
50, the carbonyl stretching band of CP-L8 at 1647 cm™ was changed to the lower
number (1626 cm™) [60].

= CP-RhA
= CP-RhA + H"

% transmittance

1800 1750 1700 - 1650 @ 1600 " 1550 1500
Wavenumber

Figure 50 FT-IR spectra of CP-L8 and CP-L8<H*

From the SEM images (Figure 51) of CP-L38, the integrity of the cellulose
fiber was not degraded by modification. The SEM images showed that the diameter of

fibers in original and grafted-papers were in the range of 6-20 uM. The fiber structure
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of grafted-paper after treatment with H* showed the smooth and dark areas due to the

increasing of hydrogen bond networks of CP-L8 by proton protonation [61,62].

Figure 51 SEM images of (a) original cellulose paper, (b) paper-grafted L6 and (c)
paper-grafted L8 treated with H*.
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In order to evaluate the CP-L8 for pH detection, a series of visible color
changes experiments were carried out with different pH in the range of 1.0-12.0 by
adjusting various amount of HCI or NaOH aqueous solution [63]. The fluorescence
images of CP-L8 proceeded under UV light at 365 nm are shown in Figure 52. It was
observed that the CP-L8 displayed an enhanced orange fluorescence at low pH (1-5)
due to H*-induced spirolactam ring-opening and decreased fluorescence when pH
increases. Meanwhile, the fluorescence spectra also showed a significant decrease at
580-600 nm with increasing pH as demonstrated in Figure 53a, similar results were
observed under visible-light irradiation, the CP-L8 showed deep pink color for low pH

values and turning to colorless at high pH.

a
( | |
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2 | : fi
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Figure 52 Colorimetric (a) and fluorescence (b) photographs of CP-L8
with different pH.
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Figure 53 The solid-state fluorescence spectra of CP-L8 (a) upon soak in vary pH
(1-12) from 540-700 nm, (b) The plot of maximum fluorescence intensities
versus pH 1-12 ; dex = 520 nm.

4.4.4 Computational calculations of L8
Theoretical calculations were performed with density functional theory
using the Gaussian 09 software package [64]. The chemical structures, electronic
distributions and transitions of L8 are optimized at the B3LYP/ LanL2DZ level [65].
The electron distributions and orbital energies of the highest occupied molecular orbital
(HOMO) and the lowest unoccupied molecular orbital (LUMO) of L8 in neutral form
and protonated form are shown in Figure 53. The HOMO of neutral L8 was localized
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on the xanthenes moiety, while LUMO was mainly contributed by the spirolactam
units. However, both HOMO and LUMO of protonated L8 were changed from neutral
one. In addition, a decreased energy band-gap from 0.146 eV to 0.086 eV after
protonation was discovered which was in well accordance with the blue-shift spectra
[66].

LUMO

Neutral form

Egap=0.146 eV Protonated form

Energy

HOMO

Figure 54 Molecular orbital energy level of L8 in natural and protonated form.



CHAPTER 5
CONCLUSION

5.1 Rhodamine-cyclohexane (L1-L4)

We have successfully synthesized a Rhodamine cyclohexane (L1, L3).
Chemical structures and purity of L1 and L3 were proven by NMR, MS and IR
spectroscopies. The L1 and L3 will use for further experiment.

Figure 55 Structure of L1 and L3.

5.2 Rhodamine-PEG (L5)

We have successfully synthesized Rhodamine-PEG (L5 and L6). The
chemical position was characterized by UV-Vis, Fluorescence, NMR and IR
spectroscopies. L5 showed absorption spectrum and fluorescence enhancement at 580
nm at low pH (1-3). Moreover, L5 not respond with various metal ions such as Na*,
K*, Ag+, Mgz+, Caz+' Pb2+, C02+, Ni2+, Cu2+, Zn2+, Cd2+, ng+, AI3+, Cr3+, F83+, Au3+,

Pt2*, Ru®". However, L5 will develop for high selectivity and high sensitivity in future.
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Figure 56 Structure of L5.

5.3 Rhodamine anhydride (L8)
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Scheme 27 Proposed selective detection mechanism of pH optical and fluorescent

sensor based on Rhodamine modified on activated cellulose paper (CP-LS8).

We have successfully synthesized a Rhodamine ethylenediamine anhydride

(L8) and functionalized it on activated cellulose paper (CP-L8) for use as a pH sensor.

In agueous solution, L8 showed fluorescence enhancement at 580 nm upon addition of
H*. No interference with the pH sensor was observed from various metal ions such as
Na*, K-, Ag*, Mgz+, Ca2+, Pb2+, C02+, Ni2+, Cu2+, Zn2+, Cd2+, ng+, A|3+, Cr3+, Fe3+,
Au®*, Pt?*, Ru®*. To further study its potential as a portable pH sensor, L8 was
immobilized on activated cellulose paper to obtain the composites pH sensor (CP-L38).

In modified paper (CP-L38), the fluorescence image showed high orange fluorescence
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and a deep pink color visible at low pH. The DFT calculations showed blue-shift spectra
in the protonated form, compared with the natural form. These results indicated the

Rhodamine modified on activated ¢ paper could be used as an optical and “off-
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