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Abstract A novel poly(azomethine-urethane)-based 2,4-
diamino-6-hydroxyprimidine was synthesized with chemical
reaction and it designed as fluorescence probe for determina-
tion of Cu®" in aqueous solution. The photoluminescence (PL)
characteristic of the prepared Schiff base (HPAMP) and its
poly(azomethine-urethane) (P-HPAMP) derivative were in-
vestigated in different polarity solvents suh as MeOH, THF
and DMF. PL measurements showed that both HPAMP and P-
HPAMP have higher emission intensity and Stoke’s shift val-
ue (AAgr) in THF than the other solvents. Also, the proposed
probe exhibited a specific fluorescent on response to Cu®*
over the other tested transition metal ions in aqueous solution.
The sensor gave highly selective and sensetive response
against Cu”" as increasing a new emission peak at 341 nm,
and possible interference and quenching effect of the other
tested transition metal ions were found too low. Detection
limit of Cu?" sensor was also calculated as 7.87x
10® mol L ™" in THF/deionized water (1:2, v:v).
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Introduction

Over the last few decades, design and synthesis of selective
and sensitive chemosensors for determination of transition
metal ions such as Fe**, Cu** and Zn?" etc. have gained enor-
mous attention due to metabolic and biological importance of
these transition metal ions [1-3]. Among the various kinds of
chemical sensors, fluorescent sensors or probes for detection
of metal ions have received increasing interest due to their
high sensivity, inherent simplicity, fast analysis with spatial
resolution, and its sample/cell non-destructive nature [4—6].

Additionally, design of highly sensitive and selective fluo-
rescent sensor or probe for detection of Cu®" have attracted
considerable attention due to this metal ions is one of the most
important trace elements existing in animals, plants and hu-
man body [7]. As the third most abundant trace element in
human body behind iron and zinc, copper plays an important
role in many fundamental metabolic and physiological pro-
cesses such as co-factor for electron transport, as a catalyst in
some oxidation—reduction reactions, mitochondrial respira-
tion, bone metabolism, wound healing, connective tissue for-
mation, and the mobilization and uptake of iron [8§—12]. On
the other hand, high amount of this metal ion is harmful to
biological systems and excess concentration of Cu”** can cause
serious neurodegenerative diseases such as Wilson’s disease,
Alzheimer’s disease, prion-induced diseases, Wilson disease
and Parkinson’s disease [13—15]. Due to importance of Cu*,
a method for selective, rapid and sensitive recognition of this
transition metal ion in biological, water samples and aqueous
solution is of great significance.

In this paper presents design and synthesis of a novel
poly(azomethine-urethane) fluorescence probe for determina-
tion of Cu®" in aqueous medium. As known, simply structured
azomethine group (-N=CH) or Schiff base and their deriva-
tives are potentially capable of forming stable complexes with
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metal ions due to nitrogen atom of azomethine (—N=CH)
double bound in Schiff base structure [16, 17] and they have
special coordination ability with transition metal ions [18].
Characterization of these prepared compounds were carried
out by FT-IR, 'H, "*C-NMR and SEC techniques.
Photophysical behavior of Schiff base and its
poly(azomethine-urethane) derivative was studied in different
solvents such as DMF, MeOH or THF, and in presence of
different metal ions focussing the attention on their emission
properties using fluorescence spectroscopy. Until now, a lot of
Schiff base [19] and polymer nanoparticle [20, 21] based fluo-
rescence sensor for detection Cu®" in aqueous media were
developed and reported to literature. On the other hand, to
the best of our knowledge, there are only three paper in liter-
ature about poly(azomethine-urethane)-based fluorescent sen-
sor detection of Mn** [22], Cd** [23] and Zn®" [24] in aque-
ous medium. Moreover, the proposed poly(azomethine-ure-
thane)-based fluorescence sensor for detection of Cu®" has

Scheme 1 Synthesis scheme of TH,N

HPAMP and P-HPAMP
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higher detection limit of than these poly(azomethine-ure-
thane)-based sensor.

Experimental
Materials

All solvents and reagents were obtained commercially and
used as received. 2,4-diamino-6-hydroxypyrimidine (AHP),
4-(diethylamino)salicylaldehyde (SAL), toluene diisocyanate
(TDI), acetone, acetonitrile (MeCN), carbon tetrachloride
(CCly), chloroform (CHCl;), dimethylformamide (DMF), eth-
anol (EtOH), ethyl acetate, methanol (MeOH), n-hexane,
tetrahydrofurane (THF), toluene, Mn(CH;COO),.H,O and
Pb(CH3COO0),.3H,0 were supplied from Merck Chemical
Co. (Germany), Cd(CH5C0OO),.2H,0, Co(CH3;C00),.4H,0,
Cu(CH;C00),.H,0, Ni(CH3C00),.4H,0 and
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Zn(CH3CO0),.2H,0 were supplied from Fluka. CrCl; and
ZrCl, were also supplied from Riedel Dehaen.

Instruments

The structure of the prepared compounds was characterized
using infrared (FT-IR) and NMR spectra. FT-IR analysis were
carried out by PerkinElmer FT-IR Spectrum one using the
universal ATR sampling accessory (4000-550 cm™'). 'H and
3C-NMR spectra (Bruker AC FT-NMR spectrometer operat-
ing at 400 and 100.6 MHz, respectively) were recorded in
deuterated DMSO-d¢ at 25 °C. Tetramethylsilane (TMS)
was used as internal standard. The number average molecular
weight (M,,), weight average molecular weight (M,,) and
polydispersity index (PDI) were determined by Gel Perme-
ation Chromatography-Light Scattering (GPC-LS) device of
Malvern Viscotek GPC Dual 270 max. For GPC investiga-
tions a medium 300x8.00 mm Dual column. Addition,1 g/L of
lithium bromide in DMF (1 mL/min) was used as solvent.
Light Scattering Detector (LS) and a refractive index detector
(RID) were used to analyze the products at 55 °C.

Preparation of HPAMP

HPAMP (6,6'-((1E,1'E)-((6-hydroxy pyrimidine-2,4-diyl)
bis(azanylylidene)) bis(methanylylidene))bis(3-(pentan-3-
yl)phenol) was prepared by condensation reaction of AHP
(1.380 g, 10 mmol) with SAL (3.865 g, 20 mmol) in MeOH
(20 mL). The mixture was refluxed for 3 h at 70 °C
(Scheme 1). The precipitated HPAMP was filtered, recrystal-
lized from MeCN (2% 50 mL) and dried in a vacuum oven at
60 °C for 24 h [25] (Yield: 84 %).

Preparation of P-HPAMP

P-HPAMP [Poly(6-((E)-(2-(((5-acetamido-2-methyl phenyl)
carbamoyl) oxy)-4-(diethylamino) benzylidene) amino)-
2-((E)-(4-(diethylamino)-2-hydroxybenzylidene) amino)
pyrimidin-4-yl (4-acetamido-2-methylphenyl)carbamate))
was prepared by the step-polymerization reaction of HPAM
P (0.949 g, 2 mmol) in 60 mL DMF/THF mixture (1/3) with
TDI (3.865 g, 2 mmol) in 20 mL THF (Scheme 1). Reaction
was maintained for 6 h under Argon atmosphere, cooled at the
room temperature, and kept for 24 h. The obtained polyure-
thane was washed by MeOH (2x50 mL) and MeCN (2x50
mL) to remove the unreacted components. The product was
dried in a vacuum oven at 75 °C for 24 h [26] (Yield: 78 %.
SEC: Mn: 19900, Mw: 29500, PDI: 1.482).

Preparation of Stock Solutions

1.00x10"" M stock solution of metal ions including Cd*",
Co?', cr*, cu?’, Mn?", Ni?", Pb%*, Zn®" or Zr*" was

prepared in 20 mL deionized water. Stock solution of Cd*",
Co*", Cu*", Mn*", Ni**, Pb>" or Zn*" was prepared from their
acetate salts while this solution of Cr** or Zr*" was prepared
from their chloride salts. Additioanally, 1.00x 10 M stock
solution of P-HPAMP (4.13x107% g, 5.00x 10> moles) was
prepared in different polarity solvents such as 50 mL DMF,
MeOH or THF and these prepared stock solutions were also
used in all measurements.

Fluorescence Measurements

To explore the photophysical properties, the fluores-
cence spectra of HPAMP (1x10° M) and P-HPAMP
(1x107* M) in THF, MeOH and DMF were measured
by Shimadzu RF-5301PC spectrofluorophotometer.
Exitation and emission spectra of these compounds were
obtained due to determine the optimal emission and
exitation wavelengths in these used solvents. Also, tran-
sition metal ions effect on P-HPAMP was investigated
by monitoring the fluorescence spectral behavior upon
addition of several metal ions such as Cd*", Co**, Cr*",
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Fig. 1 FT-IR spectra of AHP, SAL, HPAMP, TDI and P-HPAMP
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Cu?*, Mn?", Ni**, Pb*", Zn*>" and Zr*" in THF/
deionized water solution (1:2, v:v). Polymer and transi-
tion metal ion concentrations were adjusted in these
measurements as 1x107° M and 1x107" M, respective-
ly. Concentration effect of Cu®" ion on P-HPAMP was
determined using a series of different concentrated metal
solutions (in the range 1.20x1077 to 1.00x107> M) in
THF/deionized water solution (1:2, v:v). Slit width was
adjusted as 5 nm in the mentioned experiments. This
concentration range was also used in detection limit
experiments. In these experiments excitation slit width
was adjusted as 10 nm while the emission slit was kept
as 5 nm due to the intensity differences more detectable
due to the increasing separation of emission peaks from
each other. Moreover, fluorescence quantum yield (®r)
was calculated by comparative methods using rhoda-
mine 6G solution in ethanol as in the literature [27].

Morphological Properties

Atomic force microscopy (AFM) measurement of P-HPAMP
was performed with WITec Alpha 300A AC mode (cantilever
42 N/m 285 kHz). The measurement was carried out at room
temperature. The system covered with an acoustic chamber to
prevent electromagnetic impacts, which may disturb the
measurement.

Results and Discussion
Solubility and Characterization
The prapared HPAMP and P-HPAMP have red and black

colored-powder compounds, respectively. P-HPAMP is
completely soluble in THF and DMF, partly souble in MeOH
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Fig. 2 'H (a) and >C-NMR (b) spectra of P-HPAMP
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Fig. 3 Solvent effect on HPAMP a
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and EtOH while insoluble in MeCN, acetone, toluene, n-hex-
ane, ethyl acetate, CHCl; and CCl,.

Figure 1 shows FT-IR spectra of AHP, SAL, HPAMP, TDI
and P-HPAMP. As can be seen in Fig. 1, characteristic amine
(—NH;) and hydroxyl (—OH) strech vibrations of AHP are
observed at 3385 and 3093 cm ', respectively. According to
Fig. 1, characteristic hydroxyl (—OH), aldehyde (—CHO) and
aliphatic —CH strech vibrations of SAL are observed at 3288,

Table 1  Fluorescence measurements data of HPAMP and P-HPAMP

b d f
Solvent  "Agx  Aem  AmaxEx)  Amax@Em)  IEx.  Iem SAAst

MeOH" 394 438 409 457 72 81 48
THF" 451 516 464 532 118 132 68
DMF" 470 504 486 523 2 3 37
MeOH' 321 367 334 385 18 22 51
THF 229 295 235 308 106 119 73
DMF 358 394 386 428 11 13 42

 Excitation wavelength for emission

° Emission wavelength for excitation

¢ Maximum excitation wavelength

¢ Maximum emission wavelength

¢ Maximum excitation intensity
 Maximum emission intensity

¢ Stokes Shift value : [Amax (Em)- Amax (Ex))
" Compound: HPAMP

! Compound: P-HPAMP

Wavelength (nm)

1620 and 2924 cm ', respectively. In the FT-IR spectrum of
HPAMP, aldehyde (—CHO) strech vibration of SAL and
amine (—NH,) strech vibration of AHP disappear and imine
(-N=CH) strech vibration (at 1616 cm ') appears instead of
these strech vibrations. Hydroxyl (—OH) and aliphatic -CH
strech vibrations of HPAMP are also observed at 3156 and
2975 em', respectively. According to FT-IR spectrum of
TDI, characteristic isocyanate —-C=0 and —C=N strech
vibraitons of this compounds are observed at 2230 and
1615 cm ', respectively [28]. As can be seen in FT-IR spec-
trum of P-HPAMP, these characteristic isocyanate (—C=0 and
—C=N) strech vibrations of TDI and hydroxyl (—OH) strech

400

4N Co 473nm Z\

g 300 4 Cd
z Cd Pl.)
2 Pb Ni
£ 200 4 Zr Co
5 Ni Zr
& 341 nm - -
g 100 1 Cr | Cr
w [ \ - ]

| | Cu y || Cu

0 —— T T
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Wavelength (nm)

Fig. 4 Fluorescence spectra of P-HPAMP (1x10> M) in presence of
1x107" M concentration of different transition metal ions at room
temperature in THF/deionized water (1:2, v:v) (Agx.=350 nm, Slit: Ex:
5 nm, Em: 5 nm)
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Table 2 Emission spectral data
of P-HPAMP in presence of Metal lons Co** Zn** Mn** cd* Pb** 7t NiZ* crt cu*
different transition metal ions
Tem (341 nm) 103 100 98 93 89 87 65 43 2
®lem (473 nm) 258 346 318 309 297 255 284 118 1

# Emission intensity at 341 nm

° Emission intensity at 473 nm

vibration of HPAMP disappear and the new strech vibrations
such as urethane (—C=0 and —NH) are observed instead of
these strech vibrations due to urethane formation. According
to FT-IR spectrum of P-HPAMP, the urethane -NH and —-C=0
strech vibrations are observed at 3349 and 1706 cm ', respec-
tively. Imine (-N=CH) and aliphatic —CH strech vibrations of
P-HPAMP are also observed at 2970 and 1627 cm_l,

respectively. These spectral data clearly confirm the formation
of the proposed structure of HPAMP and P- HPAMP in
Scheme 1.

Figure 2a and b show 'H and '*C-NMR spectra of P-
HPAMP. The structures of HPAMP and P-HPAMP are also
confirm by these spectra and spectral data given below. NMR
spectral data are summarized as follows:

Fig. 5 Fluorescence emission a oW mM8M8M8m8M8M8M ™M
spectra of P-HPAMP in the Decreasing | 5!
presence Cu”" ion with different Cu2+ : Conc. (x10 ):
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"H-NMR (DMSO-dg, 8ppm): 10.11 (—OH), 8.78 and
8.63 (imine (-N=CH)), 7.78, 7.32, 6.35 and 6.14 (aro-
matic protons), 3.40 (—CH,-CH3) and 1.12 (—CH,-CHs;)
for HPAMP, 9.61 (s, Urethane —-NH, He), 8.82 (s, Imine —
N=CH, Hh), 8.71 (s, Imine -N=CH, Hf), 8.30 (s, Ha),
7.48 (d, Hi), 7.37 (d, Hd), 7.12 (d, Hc), 7.05 (s, Hg), 6.28
(s, Hk), 6.04 (d, Hj), 3.42 (d, -CH,-CH3;, Hl), 2.19 (d,
—CH,-CHj;, Hb) and 1.08 (s, -CH,-CH;, Hm) for P-
HPAMP.

BC-NMR: (DMSO-dg, 8ppm): 159.64 (-C-OH), 156.74
and 154.83 (Imine (-N=CH)), 149.65, 145.08, 135.94,
116.54, 111.32, 108.85 and 103.98 (aromatic carbons),
4435 (—CH,-CHj;) and 12.92 (-CH,-CHj3) for HPAMP
168.78 (Urethane -C=0, Cg), 163.92 (Imine (-N=CH),
Ci3), 161.01 (Imine (-N=CH), C,,), 155.18 (ipso-Cy;),
154.47 (ipso-Cyp), 151.95 (ipso-Cy), 147.70 (ipso-C;s),
146.72 (ipso-C,7), 138.57 (ipso-C,), 137.60 (ipso-C),
136.86 (Cy9), 134.58 (Cs), 130.69 (ipso-C3), 125.36
(Co), 117.05 (Cy4), 115.23 (Cy), 111.59 (Cqg), 109.02
(Ci2), 104.25 (Cy5), 44.38 (—CH,-CHj3, Cyy), 17.55
(_9H3, C4) and 12.95 (_CH2-9H3, C21) for P-HPAMP.

Fluorescence Properties of HPAMP and P-HPAMP

To investigate of the solvent effect on HPAMP and P-
HPAMP, the emission and excitation spectra of these
compounds were recorded in different polarity solvents.
For this reason, these spectra of Scihff base and its
poly(azomethine-urethane) derivative are recorded in
MeOH, THF, and DMF (polarity order: DMF>
MeOH>THF) [29, 30]. In these measurements both
Schiff base and polymer concentration were adjusted
as 1x107° M. The obtained emission spectrum of
HPAMP and P-HPAMP is given in Fig. 3 and spectral
data are also summarized in Table 1. Emission spectum
of these compounds showed that both HPAMP and P-
HPAMP have higher emission intensity in THF than
DMF and MeOH. This could be probably polarities of
solvents. Similar tendency shown at Stokes shift (AAgt)
value of solvents and Stokes shift value of HPAMP and
P-HPAMP is determined as 48 and 51 nm in MeOH, 68
and 73 nm in THF and, 37 and 42 nm in DMF, respec-
tively. These results showed that both HPAMP and P-
HPAMP have higher AAgy in THF than the other sol-
vents. As known, Stoke’s shift value is important for a
fluorescence sensor or probe due to it supplies very low
background signals. Resultantly, allows the usage of the
material in construction of a fluorescence sensor [22]. In
addition, the quantum yield (®§) of P-HPAMP-Cu*" so-
lution and in the absence of Cu®" ions found to be
3.4 % and 0.03 %, respectively.
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Fig. 6 A plot of the relationship between Zn>" concentration and relative
emission intensities

Selectivity of P-HPAMP

Selectivity of a fluorescence probe is very important parame-
ter to evaluate the performance. The selectivity experiments of
poly(azomethine-urethane) were carried out by fixing P-
HPAMP with 1.00x 10" M a number of transition metal ions
such as Cd**, Co?", Cr*", Cu**, Mn*", Ni**, Pb*", Zn>" and
Zr*" in THF/deionized water solution (1:2, v/v). In these se-
lectivity experiments, poly(azomethine-urethane)

1.25
0.8 1
=° 0.35 1
~
_O
0.55 - Cu Cr Ni Zr Pb Cd Mn Zn Co
I >
-1

Fig. 7 Change in the relative intensity of P-HPAMP upon addition of
various transition metal ions in THF/deionized water (1:2, v:v) at 341 nm
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Fig. 8 Quenching ion effect on the proposed fluorescent sensor

concentration was adjusted as 1.00x 10> M due to minimize
PL intensity of metal-free polymer solution in working range.
Moreover, the change in fluorescence emission spectra of P-
HPAMP in presence of different metal ions was given in Fig. 4
and the obtained results also summarized in Table 2. As can be
seen in Table 2, emission intensity of metal-free polymer so-
lution, Co**, Zn**, Mn**, Cd**, Pb*", Zr**, Ni**, Cr’" and
Cu" is found as 46-221, 103-258, 100-346, 98-318, 93—
309, 89-297, 87-255, 65-284, 43—118 and 2-1 at 341 and
473 nm, respectively. These results clearly showed that the
emission intensity of Co*", Mn**, Pb**, Cd**, Ni**, Zr*" and
Zn*" is increased at 341 nm compared to the emission

Fig. 9 Molecular orbital charge
density of atoms in P-HPAMP (a)
(purple : carbon atoms, orange :
nitrogen atoms and green :
oxygen atoms in right diagram,
hydrogen atoms are nor shown),
the calculated charges of atoms in
P-HPAMP (b) and proposed
binding mode of P-HPAMP with
Cu*" (¢)

@ Springer

intensity of metal-free polymer solution while emission inten-
sity of Cu®" and Cr’" is decreased. Similar tendency in emis-
sion intensity of transition metal ions is observed at 473 nm.
These results demonstrated that P-HPAMP has an excellent
selectivity toward Cu®" over the other transition metal ions
and it could be used as Cu®" sensor in aqueous solution due
to only Cu®" caused a significant fluorescence increasing.

Concentration Effect of Cu(Il) on P-HPAMP

To evaluate the influence of Cu?" concentration on the
proposed probe, the fluorescence properties of P-
HPAMP were studied in THF/deionized water solution
(1:2, v/v) and the obtained spectra given in Fig. 5. Fluo-
rescence spectrum and emission intensity of the proposed
sensor are not changed when added Cu®" ion between 1x
107 and 1.25x10°* M concentration range. As can be
seen in Fig. 5, with the decrease of Cu®" ion concentration
the emission intensity continuously increased in the range
6.25x107° to 1.22x10° 7 M Cu”" ion concentration at
341 nm. On the other hand, a similar trend is not observed
at 473 nm and the emission intensity of the proposed
sensor is not significantly changed at 473 nm with the
decreasing of Cu”" ion concentration. Because of this
property at 473 nm, the proposed sensor is not suitable
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Fig. 10 The time-resolved photolimunescence spectrum of the proposed
sensor presence of P-HPAMP (1x 107> M) and Cu* (110" M) in THF/
de-ionized water (1:2, v:v)

for determination of transition metal ions in aqueous so-
lutions at this wavelength. Moreover, 3D image of de-
creasing Cu®" concentration was shown in Fig. 5b.

To determine linearity relationship between Cu®" ion con-
centration with relative emission intensity, regression equa-
tions and coefficients of the proposed Cu** sensor were cal-
culated, as shown in Fig. 6. The calculation were performed
using data the obtained from Fig. 5. Then, these intensities
were plottes vs Cu®" ion concentration in the range 6.25 x
10 t0 1.22x 107" M. Also, the obtained equations were given
in Egs. 1 and 2.

Io-I

= 3277.7[Cu*"] 4+ 0.7898 (R; = 0.9506) (1)

0

Io-1

2— = 92254[Cu®"] +0.09 (R, = 0.929) (2)
0

where /) is the emission intensity of metal-free polyurethane
solution and 7 is the emission intensity of Cu®** metal ion at
341 nm. According to these results, a good linearity relation-
ship is obtained with regression coefficient R;=0.9506 and
R,=0.929. According to the calculate regression equations
and coefficients, it could be assumed that the novel fluorescent
poly(azomethine-urethane) had potential prospects as a selec-
tive detector of Cu®" ion in aqueous environment.

The detection limit of fluorescent sensor is another impor-
tant parameter in sensor applications. For fluorescent probe P-
HPAMP, a good linear relationship between the fluorescence
intensity and the Cu®" ion obtained in the 6.25x 107> to 1.22x
107 concentration range. The detection limit of the proposed
sensor was calculated as in the literature [23] and it was deter-
mined as 7.87x10° mol L.

Table 3  The time-resolved data of P-HPAMP

Interference Study

Interference or anti-interference ability of the proposed Cu**
sensor to the other transition metal ions such as Cd*", Co*",
crt, Mn?", NiZ*, Pb?*, Zn?" or Zr*" is also important as well
as the high selectivity of probe to the target metal ion. Thus,
interference study of the proposed sensor was carried out
using 1 x 10" M metal ions and 1x 10> M stock polyurethane
solution at 341 nm in THF/deionized water solution (1:1:2,
v:v) (Fig. 7). As shown in Fig. 7, the tested transition metal
ions were not induced significant fluorescence change except
Cu”" metal ion at 341 nm.

Quenching Ion Effect

Quenching ion effect on the proposed fluorescent sensor was
investigated using 110> M P-HPAMP, 1x10"' M Cu*" and
1 mg Cd(CH;C00),.2H,0, Co(CH3C00),.4H,0, CrCls,
Mn(CH3CO0O),.H,0, Ni(CH3C00),.4H,0,
Pb(CH3COO)23H20, ZH(CH3COO)22H20 or ZI'C14 in
THF/deionized water (1:2, v/v) (Fig. 8). As can be seen in
Fig. 8, the presence of some transitional metal ions such as
Cr', NiZ*, Pb*", Mn?", Zn*", Cd*", Zr*" or Co*" were not
significiantly quenched. They constituted only slight changes
in the emission spectra of the proposed fluorescent probe.

Binding Model and Responsive Mechanism

To determine binding model between Cu®" and P-HPAMP,
charge density and molecular orbital charge density of atoms
in the structure of the proposed probe were calculated using
Huckel calculation method [23]. As can be seen in Scheme 1,
nitrogen atoms in pyrimidine ring, imine (-N=CH) bonding
and urethane (-NH, -C=0 and -O) groups composed a con-
jugated chromophore moiety in the proposed sensor.

Figure 9a shows molecular orbital charge density of the
proposed probe. As can be seen in Fig. 9a, pyrimidine ring
and imine bonding have higher molecular orbital charge den-
sity than oxygen atom in carbonyl group, nitrogen and oxygen
atoms in urethane group. This result indicated that the possible
complexation between polymer and Cu®" ion could be mainly
carried out between these nitrogen atoms.

The calculated charge of atoms in the structure of P-
HPAMP is shown in Fig. 9b. As can be seen in Fig. 9b, charge

Time (s) 0 60 120 180 240 300 360 420 480 540 600
Wavelength (nm) 44.00 43.50 42.80 41.80 40.60 39.70 38.80 37.90 37.20 36.40 35.10
Degradation (%) - 1.14 2.73 5.00 7.73 9.77 11.82 13.86 15.45 17.27 20.22
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Fig. 11 AFM images of
P-HPAMP
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of nitrogen atoms in pyrimidine ring and imine bonding (—-N=
CH), oxgyen atom in carbonyl group, nitrogen and oxygen
atoms in urethane linkage is calculated as —0.620, —0.629,
—0.547, —0.570 and —0.233, respectively. These calculated
results showed that nitrogen atoms in pyrimidine ring and
imine bonding have quite negative charge than the other het-
eroatoms in the urethane group.

The proposed binding mode P-HPAMP with Cu?" ion is
given in Fig. 9c. According to the charge density and molec-
ular orbital charge density of atoms, nitrogen atom in pyrim-
idine ring and imine bonding have both higher molecular
orbiatal charge density and quite negative charge than the
other heteroatoms in urethane linkage. These results indicated
that the binding mode P-HPAMP with Cu®" ion could be
carried out between nitrogen atoms in pyrimidine ring and
imine bonding.

The Time-Resolved Curve

The time resolved PL spectrum of P-HPAMP (1x 107> M) and
Cu?" ion (1x10"" M) complex in THF/deionized water (1:2,
v/v) is shown in Fig. 10 and results are also summarized in
Table 3. As can be seen in Fig. 10 and Table 3, the fluores-
cence lifetime datas of the proposed sensor were found as
1.14, 2.73, 5.00, 7.73, 9.77, 11.82, 13.86, 15.45, 17.27 and
20.22 % for 60, 120, 180, 240, 300, 360, 420, 480, 540 and
600 s, respectively. These obtained results showed that P-
HPAMP and Cu”" complex is quite stable.

Morphological Property

Morphological property of poly(azomethine-urethane) was
investigeted by using AFM, as shown in Fig. 11. This tech-
nique was used in order to evaluate the evolution of topogra-
phy and the phase roughness of P-HPAMP. According to
AFM images of poly(azomethine-urethane), the surface of this
compound seems to dense with uniform dispersion.

@ Springer

Conclusions

A new 2,4-diamino-6-hydroxypyrimidine based
poly(azomethine-urethane) successfully synthesized and de-
signed as fluorescent probe for determination of Cu" ions in
aqueous solution. Photophysical behavior of Schiff base and
its poly(azomethine-urethane) derivative was studied in differ-
ent polarity solvents such as DMF, MeOH or THF. PL results
showed that the prepared Schiff base and its polyurethane
derivative have higher emission intensity and Stoke’s shift
value (AAgt) in THF than the other solvents. The proposed
probe has highly sensetive and selectivity towards Cu>* com-
pared with other transition metal ions. Detection limit of the
proposed sensor found as 7.87x107° mol L™ in THF/
deionized water (1:2, v:v).

Acknowledgments The authors would like to thank Government Plan-
ning Organization for the financial support (Project No:
GPO2010K120710).

References

1. Wang L, Qin W, Liu W (2014) Two highly sensitive Schiff-base
fluorescent indicators for the detection of Zn*". Anal Methods 6:
1167-1173

2. Nandre J, Patil S, Patil P, Sahoo S, Redshaw C, Mahulikar P, Patil U
(2014) The amidine based colorimetric sensor for Fe**, Fe?", and
Cu?" in aqueous medium. J Fluoresc 24:1563—1570

3. Cao H, Chen Z, Zheng H, Huang Y (2014) Copper nanoclusters as
a highly sensitive and selective fluorescence sensor for ferric ions in
serum and living cells by imaging. Biosens Bioelectron 62:189—
195

4. Zhao Q, Li RF, Xing SK, Liu XM, Hu TL, Bu XH (2011) A highly
selective on/off fluorescence sensor for cadmium(Il). Inorg Chem
50:10041-10046

5. Lohani CR, Lee KH (2010) The effect of absorbance of Fe** on the
detection of Fe** by fluorescent chemical sensors. Sensors
Actuators B-Chem 143:649-654

6. Duan YW, Tang HY, Guo Y, Song ZK, Peng MJ, Yong YY (2010)
The synthesis and study of the fluorescent probe for sensing Cu*"



J Fluoresc (2015) 25:1339-1349

1349

10.

11.

12.

13.

14.

15.

16.

17.

based on a novel coumarin Schiff-base. Chin Chem Lett 25:1082—
1086

Jayabharathi J, Thanikachalam V, Jayamoorthy K, Perumal MV
(2011) A physiochemical study of excited state intramolecular pro-
ton transfer process Luminescent chemosensor by spectroscopic
investigation supported by ab initio calculations. Spectrochim
Acta A-M 79:6-16

Qiu X, Han S, Hu Y, Gao M, Wang H (2014) Periodic mesoporous
organosilicas for ultra-high selective copper(1l) detection and sens-
ing mechanism. J Mater Chem A 2:1493-1501

Tang L, Wu D, Hou H, Wen X, Dai X (2014) A Simple carbazole-
based Schiff base as fluorescence “off-on” probe for highly selec-
tive recognition of Cu®" in aqueous solution. Bull Korean Chem
Soc 35:2326-2330

Cao W, Zheng XJ, Fang DC, Jin LP (2014) A highly selective and
sensitive Zn(Il) complex based chemosensor for sequential recog-
nition of Cu(Il) and cyanide. Dalton Trans 43:7298-7303
ZouC,Gao L, Liu T, Xu Z, CuiJ (2014) A fluorescent probe based
on N-butylbenzene-1,2-diamine for Cu(Il) and its imaging in living
cells. J Incl Phenom Macrocycl Chem 80:383-390

Fahrni CJ (2013) Synthetic fluorescent probes for monovalent cop-
per. Curr Opin Chem Biol 17:656-662

Khatua S, Choi SH, Lee J, Huh JO, Do Y, Churchill DG (2009)
Highly selective fluorescence detection of Cu®" in water by chiral
dimeric Zn*" complexes through direct displacement. Inorg Chem
48:1799-1801

Que EL, Domaille DW, Chang CJ (2008) Metals in neurobiology:
probing their chemistry and biology with molecular imaging. Chem
Rev 108:1517-1549

Garcia-Beltran O, Mena N, Friedrich LC, Netto-Ferreira JC, Vargas
V, Quina FH, Nuiiez MT, Cassels BK (2012) Design and synthesis
of a new coumarin-based ‘turn-on’ fluorescent probe selective for
Cu"?. Tetrahedron Lett 53:5280-5283

Tyagi M, Chandra S, Tyagi P (2014) Mn(II) and Cu(Il) complexes
of a bidentate Schiff’s base ligand: spectral, thermal, molecular
modelling and mycological studies. Spectrochim Acta A-M 117:
1-8

Roy N, Pramanik HAR, Paul PC, Singh ST (2014) A sensitive
Schiff-base fluorescent chemosensor for the selective detection of
Zn*". J Fluoresc 24:1099-1106

Salmon L, Thuéry P, Riviére E, Ephritikhine M (2006) Synthesis,
structure and magnetic behavior of a series of trinuclear Schift base
complexes of 5f (UIV, ThIV) and 3d (Cull, Znll) ions. Inorg Chem
45:83-93

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Na YJ, Choi YW, Yun JY, Park KM, Chang PS, Kim C (2015)
Dual-channel detection of Cu®" and F~ with a simple Schiff-based
colorimetric and fluorescent sensor. Spectrochim Acta A 36:1649—
1657

Zhang P, Chen J, Huang F, Zeng Z, Hu J, Yi P, Zeng F, Wu S (2013)
One-pot fabrication of polymer nanoparticle-based chemosensors
for Cu®" detection in aqueous media. Polym Chem 4:2325-2332
Chen J, Li Y, Zhong W, Hou Q, Wang H, Sun X, Yi P (2015) Novel
fluorescent polymeric nanoparticles for highly selective recognition
of copper ion and sulfide anion in water. Sensors Actuators B-Chem
206:230-238

Kaya I, Yildirim M, Kamaci M (2011) A new kind of optical Mn(IT)
sensor with high selectivity: melamine based poly(azomethine—ure-
thane). Synth Met 161:2036-2040

Kaya I, Kamact M (2013) Highly selective and stable florescent
sensor for Cd(Il) based on poly(azomethine-urethane). J Fluoresc
23:115-121

Kamac1 M, Kaya I (2015) The novel Poly(azomethine-urethane):
synthesis, morphological properties and application as a fluorescent
probe for detection of Zn** Ions. J Inorg Organomet Polym. doi:10.
1007/s10904-015-0234-1

Kamaci M, Kaya 1 (2014) Synthesis, thermal and morphological
properties of polyurethanes containing azomethine linkage. J Inorg
Organomet Polym 24:803-818

Kamac1 M, Kaya I (2014) Photophysical, electrochemical, thermal
and morphological properties of polyurethanes containing
azomethine bonding. J Macromol Sci A 51:805-819

Ben-nan C, Qin H, Yan H, Chun-man J, Qi Z (2013) Highly sensi-
tive and selective chemosensor for Cu®" based on a Schiff base.
Chem Res Chin Univ 29:419-423

Kamac1 M, Kaya [ (2013) Synthesis of metal-coordinated
poly(azomethine-urethane)s: thermal stability, optical and electro-
chemical properties. J Inorg Organomet Polym 23:1159-1171
Yang X, Lyu H, Chen K, Zhu X, Zhang S, Chen J (2014) Selective
extraction of bio-oil from hydrothermal liquefaction of salix
psammophila by organic solvents with different polarities through
multistep extraction separation. Bio Res 9:5219-5233
Yushchenko DA, Shvadchak VV, Bilokin’ MD, Klymchenko
AS, Duportail G, Mely Y, Pivovarenko VG (2006)
Modulation of dual fluorescence in a 3-hydroxyquinolone
dye by perturbation of its intramolecular proton transfer with
solvent polarity and basicity. Photochem Photobiol Sci 5:
1038-1044

@ Springer


http://dx.doi.org/10.1007/s10904-015-0234-1
http://dx.doi.org/10.1007/s10904-015-0234-1

	2,4-Diamino-6-Hydroxypyrimidine...
	Abstract
	Introduction
	Experimental
	Materials
	Instruments
	Preparation of HPAMP
	Preparation of P-HPAMP
	Preparation of Stock Solutions
	Fluorescence Measurements
	Morphological Properties

	Results and Discussion
	Solubility and Characterization
	Fluorescence Properties of HPAMP and P-HPAMP
	Selectivity of P-HPAMP
	Concentration Effect of Cu(II) on P-HPAMP
	Interference Study
	Quenching Ion Effect
	Binding Model and Responsive Mechanism
	The Time-Resolved Curve
	Morphological Property

	Conclusions
	References


