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A series of 2-phenmethylamino-7-methyl-1,8-naphthyridine/alkali metal ion (Li+ and Na+) complexes have been 
synthesized using a polymeric medium (poly(acrylic acid)) as the key activating component. Upon exposure to methanol or 
ethanol vapour at ambient temperature, the emission colour of prepared complexes in solid powder and thin film states 
changes from red-orange or pink to blue, respectively. These phenomena are reversible and rapid (about 5-10 s), hence, the 
prepared complexes have potential applications as chemosensor materials for detection of volatile methanol vapour. 
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Since the first reported application of fluorescence 
chemosensors appeared in the early 1980s1, 
chemosensor research has increased tremendously. 
Numerous fabrication methodologies have been 
reported, and their applications have migrated to a 
variety of fields such as detection of physiologically 
important ions2, monitoring of humidity3 and pH4 
changes, and monitoring of harmful masses in the 
environment, especially gases such as CO2 and 
methanol vapor5,6. The majority of studies conducted 
on chemosensor materials in recent decades mainly 
focus on small molecules7, metal-ligand complexes8, 
and doped or functional polymers9. These materials 
are highly efficient and selective, but many 
shortcomings still remain including difficult and 
tedious fabrication procedure, phase separation10, and 
poor reversibility, to name a few. 

1,8-Naphthyridine and its derivatives exhibit high 
fluorescence quantum efficiency and are readily 
colour-tunable compounds with multiple binding 
sites11. Additionally, they have great potential as 
important chemosensor materials, however, to-date, 
only few studies described their sensing 
applicability12,13. Furthermore, most chemosensors 
based on small molecular metal-ligand complexes and 
polymeric metal-ligand complexes, employ 
transition/rare earth metals such as Cu, Zn14, Pt8,15, 
Ti16, La, Pd10,17 etc. Few reports have applied alkali 
metal complexes as chemosensors. Moreover, reports 
examining alkali metal complexes containing 
naphthyridine moiety in sensors is very rare. Herein, 

we report a new series of Li+/Na+ alkali metal ion 
complexes based on 2-phenmethylamino-7-methyl-
1,8-naphthyridine (PAMN). Preparation of the 
complexes involves the utilization of a polymeric 
intermediate, poly(acrylic acid) (PAA), as the key 
component. Polymer-assisted synthesis methodology 
has been applied in many fields, particularly in the 
drug synthesis18,19,20, in which the polymers mainly 
act as intermediates18, or templates21 that can simplify 
the process and final purification procedure, and 
improve the overall output22. Dissolution of the 
prepared complexes can be achieved in various 
common volatile organic solvents, which facilitates 
the preparation of casting or spin-coated thin film 
devices. Furthermore, we observed that the prepared 
complexes exhibit individual emission colours in thin 
film and solid state, which can change rapidly and 
reversibly from red to orange or pink to blue, 
respectively, when exposed to methanol or ethanol 
vapour. Thereby, the complexes have great potential 
as chemosensor materials for the detection of 
methanol/ethanol vapour. 

Materials and Methods 
The total syntheses are shown in the 

Supplementary Data, Scheme S1 and S2. It was not 
possible for compound 4, PAMN (see Scheme S1 and 
Fig. S1 for detail synthesis procedure) to interact 
directly with lithium hydroxide in methanol. PAA 
plays a very important role in the synthesis of 
complexes 6 (MOH(PAMN)2, M = Li+, complex 6a; 
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M = Na+, complex 6b, (Scheme S2). Moreover, 
although sodium hydroxide can act with the 
compound 4 to form the crude complex 6b, the 
product is expected to decompose during the 
purification process. The promotion behaviour of 
PAA in the reaction and purification process can be 
attributed to the polymer effect. The side chains of 
PAA are able to coordinate with the alkali metal ions 
and interact with each other and/or coil. Herein, the 
PAA complexes formed a complex local 
microenvironment in which the trapped metal ions 
and water molecules are easy close to the PAMN 
molecules. More experimental details are provided in 
the Supplementary Data. 
 
Results and Discussion 

As shown in Fig. 1, when the initial feed mole ratio 
of acrylic acid vs. PAMN is varied from 1:1 to 14:1, 
the high-energy emission bands centered at 442 nm and 
the low-energy emission bands in the region of  
460-490 nm were observed upon excitation at 365 nm 
and the emission intensity increases gradually. The 
solid state PAMN displays an intense emission (λmax at 
401 nm). Therefore, the observed low-energy bands are 
tentatively assigned to the decreased π-π stacking of the 
PAMN molecules in the side chains of the polymeric 
compound when the proportion of acrylic acid in the 
PAA-PAMN polymer increases. The emission bands 
centered at 442 nm may be attributed to the formation 
of compound 5 (PAA-PAMN,Scheme S2).  

The binding site of PAA with 4 was investigated 
by a quantum chemical calculation carried out at the 
B3LYP/6-31G(d,p) level. The calculated total energy 
of the molecule in which H+ of PAA was chelated 
with N of 2-phenmethylamino, were -783.40984870 a.u., 
-783.44498231 a.u. and -783.45230834 a.u. for N1 

and N8 atoms, respectively. Based on these results, 
the binding site was expected to be the N8 atom of 
compound 4. In order to make the molecules of 4 
sufficiently interact with the alkali metal ions, PAA14-
PAMN1 was chosen, in which the compound 4 is 
essentially unable to interact with each other.  

The structures of complexes 6a and 6b can be 
identified from the data analysis of 1H NMR, MS，IR 
of 4 and 6 and Gaussian 03 DFT computation. The 
chemical shift of H atom of –NH– group of 4 varies 
from 4.00 to 7.80-7.82 and 7.79-7.82 ppm and splits 
into triple peaks corresponding to that of 6a and 6b, 
respectively. These changes could be attributed to the 
strong interaction between alkali metal ion and N 
atom of –NH– group. Chemical shift of other H atoms 
changes more or less correspondingly, before and 
after alkali metal ions chelation. The data of MS 
shows (Supplementary Data, Fig. S2) that one alkali 
metal ion coordinates with two PAMN molecules. 
The result of DFT computation indicates that when 
alkali metal ion coordinates with N1 and N8 atoms 
the conformation of complexes is optimum. 

As shown in Fig. 2, the vibration of NH of 
complexes 6a and 6b locating at 3268 cm-1 becomes 
wider and blunter compared with that of 4. This 
indicates the N atom form the–NH– group does not 
coordinate with the alkali metal ion, and it is the N1 
and N8 atoms of 1,8-Naphthyridine which have a 
coordination relationship with the alkali metal ion. 
Compared with that of 4, it also can be observed that 
the vibration peak intensity of C=N group locating at 
1623 cm-1 of 6a and 1624 cm-1 of 6b increased while 
that locating at 1540 cm-1 of 6a and 1522 cm-1 of 6b 

 

 
 

Fig. 1 — Emission spectra of PAA-PAMN solid thin films on
quartz plate made by drop-coating with different feed ratio  

 

 
 

Fig. 2 —IR spectra of (a) PAMN, (b) complex 6a, and 
(c) complex 6b 
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decreased dramatically. Moreover, in the complexes 
6, the vibration peaks of C-N group locating at  
1346 cm-1 of 6a and 1352 cm-1 of 6b shift to the lower 
wavenumber. These results indicate interactions 
among alkali metal ions, N1, N8 atoms as well as N 
atom of –NH– with each other. The complexes 6 were 
treated by a special procedure (see Supplementary 
Data). In order to facilitate the expression, the  
treated complexes 6 are expressed as complexes 7. 
From the characteristic data of complexes 7, it can be 
tentatively rationalized that complexes 6 and 7  
may be in the different configurations of the  
same complexes. 

Fig. 3 shows the UV-visible spectra of PAMN, 
complexes 6a, and 6b in methanol. From the spectra, 
it can be observed that 6a and 6b have the similar 
absorption spectra. As observed from the inset, the 
absorption spectra of these complexes in solid film 
are slight different from the absorption spectra in 
methanol. The absorption band of 6 is red-shifted 
from 366 nm of PAMN to 376 nm. The band may be 
assigned to the electronic density of the PAMN rings 
which is subsequently redistributed around the 
coordination sites between the N1 and N8 atoms with 
Li+(Na+). So, the decrease of energy gap results in the 
red-shift of the absorption band. The PAA-PAMN 
exhibits the similar absorption trace to that of PAMN. 
Fig. 4 shows the absorption spectra of PAMN, 
complexes 7a, 7b in DMSO solution and the inset is 
the spectra of their thin solid films on quartz plates. 
These compounds have the similar absorption spectra 
in solution. However, the absorption bands of 7a and 
7b films blue-shifted from 367 nm of PAMN to 342 
nm and 347 nm, respectively. This may due to the 

molecules of complexes 7 can interact more strongly 
with each other, under the formation of intermolecular 
hydrogen bonding after removing the dimethyl 
sulfoxide solvent.  

Upon excitation at 365 nm, solid films of 6a and 
6b display high- and low-energy emission bands at 
about 430 nm and 580 nm at room temperature  
(Figs 5 and 6). Compared with emission of the solid 
PAMN thin film, the high-energy band was  

 

 
 

Fig. 3 — UV-visible absorption spectra of (A) 6a, (B) 6b,
(C) PAMN, in methanol; Inset: The absorption spectra of 6a (●)
and 6b(○), PAMN(▲), PAA-PAMN(▽) in solid thin film on
quartz plate 

 

 
 

Fig. 4 — UV-visible absorption spectra of (A) PAMN,
(B) complex 7a, and (C) complex 7b in DMSO. Inset: The 
absorption spectra of their solid films on quartz plates 

 

 
 

Fig. 5 — Emission spectra of 6a and 7a solid films on quartz plate 
 

 
 

Fig. 6 — Emission spectra of 6b and 7b solid films on quartz 
plate fabricated by drop-coating and the emission spectra of them
exposed to methanol vapour 
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red-shifted (30 nm). These can be attributed to the 
interaction of N atoms of 2-phenmethylamino moiety 
with Li+ or Na+, which make the electron clouds 
density of PAMN rings redistribute to decrease the 
energy gap. As shown, 6a and 6b exhibit emission 
maxima centered at 398 nm when the complexes are 
exposed to the methanol vapour. The interaction 
among Li+ or Na+, N atoms of PAMN are interrupted 
by many methanol molecules, leading to the blue-shift 
of emission peaks. Complexes 7 exhibit a similar 
behaviour with 6 when excitated at 365 nm or 
exposed to methanol vapour. However, the emission 
maxima of low-energy bands of are observed at about 
601 nm (Fig. 6).  

In order to reveal the nature of low-energy 
emission bands caused by alkali metal ions, a 
quantum chemical calculation was performed by two 
simplified model complexes, and carried out at the 
B3LYP/6-31G(d,p) level, before and after alkali metal 
ions chelation. From Fig. 7, it can be observed that in 
model complexes, the alkali metal ions do not 
participate in the formation of the frontier molecular 
orbitals (MOs), but do induce a redistribution of 
electron clouds density of the frontier MOs acting as a 
point charge. The electron clouds of HOMO orbital of 
compound 4 mainly localize on the naphthyridine 
ring. However, with the addition of Li+ or Na+, the 
electron clouds of HOMO orbitals mainly transfer 
from the naphthyridine ring to the benzene ring 
gradually. Although the electron clouds intensity of 
LUMO of them remain without much change, the 
phase of electron clouds is reverse when compared 
with that of compound 4. These indicate a charge-
transfer (CT)23 state character in the complexes 6. The 
calculation of energy gap demonstrates a drop in 
energy levels and a drop in corresponding energy 
gaps of them for the chelation of alkali metal ions. 

The ∆E (a.u.) (ELUMO, EHOMO) of 4, model complexes 
of 6a and 6b are 0.161 (-0.045,-0,206), 0.147 (-0.189, 
-0.336) and 0.153 (-0.178, -0.331), respectively. 
Therefore all the high-energy emission bands of 6 are 
red-shifted compared with that of 4. Furthermore the 
chelation of Li+ or Na+ with PAMN induces a red 
low-energy emission band.  

Photoluminescence responses of 6a and 6b towards 
methanol vapour were investigated. The spin-coated 
films 6a and 6b were prepared by spin coating 
method, and their detection experiments on alcohol 
vapour are shown in the Supplementary Data. A 
substantial changes of emission colour from  
red-orange (Fig. 8a) and pink (Fig. 8b) to blue were 
observed for Li+ and Na+ complexes, respectively. 
Complexes 7a and 7b display dark-red and red-orange 
emissions and exhibit the similar changes of emission 
colour under same condition. The vapourchromism 
process is rapid (about 5-10 seconds) and reversible. 
However, the influences of water molecules upon the 
nature of emissive state of 6 and 7 are completely 
different. Complexes 6 also achieve vapourchromism 
when exposing to water vapour, but for complexes 7, 
it is not observed.  
 
Conclusions 

A new series of PAMN complexes with alkali 
metal ions have been synthesized. Upon exposure to 
methanol or ethanol vapour, the emission colours of 
the complexes thin films transform from red to orange 
or pink to blue, respectively. These phenomena are 
reversible and rapid. Complex 7 displays a superior 
selectivity than complex 6. The studied complexes 

 

 
 

Fig. 7 — Contour plots of calculated HOMO and LUMO orbitals 
of the compound 4 and model complexes of 6: Model 1 (6a),
Model 2 (6b) 
 

 

 
 

Fig. 8 — Vapourchromism of (a) 6a and (b) 6b solid film on 
quartz plate fabricated by drop-coating (excited at 365 nm) 
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have potential as chemosensor materials for the 
detection of alcohol vapours.  
 
Supplementary Data 

Supplementary data associated with this  
article are available in the electronic form at 
http://nopr.niscair.res.in/jinfo/ijca/IJCA_60(04)556-
560_SupplData.pdf. 
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