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Abstract 

Five new alkali metal coordination compounds [Li(NPG)](1a), [Na(NPG)2]2H2O(2a), 

[C8H5KO4](3a), [Li(NPA)2H2O](1b) and [Na(NPA)2](2b) wherein (NPG=N-phthaloyl glycine, 

NPA= N-phthaloyl-ß-alanine) have been synthesized and characterized by means of X ray single 

crystal analysis, Infrared spectroscopy (IR), Thermogravimetric analysis (TGA) and Florescence 

spectroscopy. The compounds 1a, 2a, 3a and 2b showed metal directed self-assembly 

supramolecular network structures. The crystal structure of compounds 1a and 1b showed 

distorted tetrahedral geometry with coordination number 4 around lithium. The carboxylate 

coordination modes were η
2
µ

3
and η

1
µ

1
 in 1a and 1b respectively. The compounds 2a and 2b 

exhibited distorted octahedral geometry with coordination number 6 around sodium. The 

carboxylate coordination mode in 2a and 2b is η
2
µ

2
. The objective was to synthesize potassium 

complex [K(NPG)], but N-phthaloyl glycine was hydrolysed due to exothermic reaction in the 

presence of strong base, resulted, the formation of 3a. The multiple coordination modes of alkali 

metal ions to the carboxylate and ring carbonyl oxygen atoms of NPG and NPA produced unique 

three dimensional architectures. The compounds 1b and 2b showed two strong fluorescence 

emissions enhancement (blue emission maxima) with greater intensity comparative to NPA, 

while the compounds 1a and 2a showed two weak fluorescence emissions with less intensity 

comparative to ligand (NPG). The base hydrolysis of NPG with in the compound 3a resulted the 



  

change of ligand based fluorochrome, which produced different shape emission spectrum as 

compared to other compounds. 

Keywords: N-phthaloyl glycine; N-phthaloyl-ß-alanine; coordination polymer; X-ray; 

fluorescence spectroscopy. 

1. Introduction 

The most part of co-ordination chemistry is concerned with transition metal ions; 

however, S-block metal ions have attained generally little consideration. [1] Alkali or 

alkaline earth metal cations being non-dangerous and soluble in aqueous media are used 

in preference to coordinate with transition [2] or lanthanide [3] metal ions. The alkali and 

alkaline earth metal complexes are used in pharmaceuticals, [4] dyes, [5] and pigments 

[6]. The S-block cations have prime significance in solid-state structure and behave like a 

bridge in the intermolecular interactions. [7, 8] Alkali metal ions containing coordination 

polymeric structures are regularly less examined in detail. [9] In any case, this is a serious 

issue which is worth researching by keeping in mind the end goal to better comprehend 

the properties of these solid-state compounds. As linkers, carboxylates offer a variety of 

possible metal-binding motifs allowing for the formation of wide arrays of extended 

structures. [10-12] The development of various dimensional coordination polymer 

systems containing alkali or alkaline earth metal ions are predominantly taking into 

account due to anionic oxygen contributor. [13] The combination of alkali metal 

coordination polymers can be accomplished utilizing a salt and forming low-dimensional 

structures with neutral donor ligands, the later going about as synthetic scissors on the 

underlying material. [13] The basic differences of coordination polymers fundamentally 

influenced by the decision of the ligands, [14-16] metal ligand proportions, [17, 18] 



  

solvents, [19-22] and counterions. [23] These variations produce wide range of self-

assembled structures. [19-23] Mixed alkali and transition metal coordination polymer 

with 2, 6-Pyridinedicarboxylate produced robust structure with enhanced chemical and 

physical properties. [24, 25] The presence of two carbonyl groups with central nitrogen 

atom in Phthalimide derivatives [26] make them alluring to design supramolecular 

networks that find critical applications in catalytic reactions [27] and have been employed 

for the synthesis of chiral esters. [28] They have also used as biological probe as their 

fluorescence properties are highly environment sensitive. [29] The Phthalimide group acts 

as a protecting group for amines and amino acids. [30, 31] The N-protected amino acids 

are used for the synthesis of peptide bonds in the solid phase synthesis. [32] 

Co-ordination chemistry of N-protected amino acids with metal ions is used to understand 

the coordination chemistry of proteins. [33] Many kinds of proteins within the body need 

metal ions to work, which can also be activated or deactivated by metal ions. These 

reversible reactions are caused by ligation of the metal ions and the proteins. If one has an 

understanding of the basic metal ion, N-protected α-amino acid complexation, then one 

could better identify the coordination site within the proteins. N-phthaloyl glycine has a 

variety of applications in medicinal chemistry, pharmaceuticals as dietary supplements, 

analytical and is used as antimicrobial reagents. [34] 

In the present investigation we report the synthesis and luminescence properties of 

selected alkali metal compounds with NPG and NPA as ligands.  

 

 

 

 



  

SCHEME OF WORK 

 
When   n=1, N-phthaloyl glycine 

            n=2, N-Phthaloyl-Beta-Alanine 

(a) 

 

(b) 

 
(c) 

 

 

(d) 

Scheme 1. Schematic illustration of the synthetic route for ligands (a) and complexes (1a and 2a) (b), 3a (c), 

and (1b and 2b) (d).  

 

2. Experimental details 

2.1. Reagents and Chemicals 

NPG and NPA were prepared by the reported methods. [35] The synthesis scheme of ligands 

and complexes are presented in scheme 1. All solvents used for the synthesis were freshly 

distilled prior to use.  

 



  

2.2. Instruments and Measurements 

Nicolet iS 10 FTIR spectrophotometer was used to produce infrared spectra for all compounds in 

the range 4000-400 cm
-1

 through KBr discs. Melting points were determined via Gallen Kamp 

electro thermal apparatus, Cat No.MPD350, Sanyo, UK. Fluorescent emission spectra were 

recorded on F-7000 FL spectrophotometer 2133-007. Thermal decomposition patterns (TG and 

DTA) of all compounds were carried out under nitrogen atmosphere up to 800°C utilizing a 

heating rate of 10°C/min on a DTG-60H Simultaneous DTA-TG Analyzer. Raman spectroscopy 

was carried out using high resolution Raman spectroscopy system model MST 4000A 

(Germany). In Raman spectrometer main elements of setup are, laser sources 532 nm and 442 

nm, samples slides and chamber light collection optics detection system.  

2.3. Synthesis of 1a and 2a 

An aqueous solution of metal (Li/Na) hydroxide (9.7mmol in 50ml) was added drop wise 

to well-stirred solutions of NPG (9.7mmol) in ethanol (40 ml) at room temperature 

separately. The pH of solution was adjusted to 6-7 and then stirred with heating (60 ºC) 

for next 3 hours, after that set aside for crystallization. After four weeks, 0.90g (43% 

yield) for 1a and 0.85g (18% yield) for 2a of colourless single crystals of good quality 

were obtained.  

2.4. Synthesis of 3a 

An aqueous solution of potassium hydroxide (9.8mmol in 50ml) was added drop wise to a 

well-stirred solution of NPG (9.8mmol) in ethanol (40 ml) at room temperature. The 

solution was stirred for next 4 hours with heating. Due to intense heat the base hydrolysis 

of NPG had occurred [36] and phthalic acid is formed as an intermediate product. This 

phthalic acid reacted with KOH to form colourless crystals of potassium phthalate 

confirmed by single X-rays crystal analysis. 



  

2.5. Synthesis of 1b and 2b 

An aqueous solution of metal (Li/Na) carbonate (4.5mmol in 50ml) was added drop wise 

to a well-stirred solution of NPA (9.1mmol) in ethanol (40 ml) at room temperature 

separately. The pH (6-7) adjusted solution was stirred with heating (60 ºC) for next 4 

hours and then set aside for crystallization. After four weeks, 0.48g (48% yield) for each 

1b and 2b of colourless single crystals were obtained. 

3. Results and Discussion 

The physical characteristics of the synthesized compounds are given in Table 1. 

Table 1. Physical properties data of the compounds 1a, 2a, 3a, 1b and 2b. 

Compounds Formula M.P (
o
C) %Yield 

1a C10 H6 N O4 Li 320 43 

2a C20 H17 N2 O10 Na 298 18 

3a C8 H5 O4 K <340 20 

1b C22 H19 N2 O9 Li 300 48 

2b C22 H17 N2 O8 Na 258 48 

3.1. Infrared and Raman spectra 

FTIR spectra of all compounds were registered in the KBr matrix presented in Fig. 1(a) 

and Table 2. The Raman spectra were taken in the range of 2000-150 cm
-1

 showed in Fig. 

1(b). The very broad band at 3568 cm
-1

 appeared due to stretching frequency ν(OH) of 

acid appeared in the spectrum of free N-phthaloyl glycine disappeared in the spectra of its 

compounds 1a and 2a confirmed that, the hydrogen ion of carboxylate group of free N-

phthaloyl glycine was substituted by the metal ions by de-protonation. [33] IR spectrum 

of 1a and 2b showed in Fig. 1 devoid of any absorption beyond 3310 cm
-1

, which clearly 

indicates the absence of any sort of water molecule [1] in the compounds 1a and 2b, the 

sharp absorption observed at 3476 cm
-1 

in the compound 2a indicates the presence of 

lattice water molecule, medium broad absorption observed for 1b at 3413 cm
-1 

proves the 



  

presence of coordinated water molecule. [37-39] The bands at 3128 (O-H stretch) and 

1718 cm
-1

 (C=O) for 1b indicate that one of the carboxylate groups remains protonated. 

The O-H stretch for 3a is present at 3127 cm
-1

 confirmed the presence of protonated 

carboxyl group. The ring carbonyl single band of N-phthaloyl moiety for ligands (NPG 

&NPA) and compounds 1a, 2a, 1b and 2b appeared in the range 1779-1770 cm
-1

 (IRKBr), 

1755-1779 (Raman), while absent for 3a. This confirms the hydrolysis of NPG in 3a. The 

Raman spectra peaks at 1715 cm
-1

 for 2a, 1703 cm
-1

 for 1b and 2b attributed to the 

stretching vibration of carboxyl group (C=O) while absent for 1a and 3a. [39] The 

corresponding stretching vibration for IR are 1732 cm
-1 

for NPG, 1731 cm
-1 

for 1a, 1720 

cm
-1

 for 2a, 1717 cm
-1

 for 3a, two peaks at 1722 cm
-1

 and 1705 cm
-1

 for NPA, 1718 cm
-1

 

for 1b, 1716 cm
-1

 for 2b. The characteristic asymmetric (ma) and symmetric (ms) 

stretches due to the carboxylate group (COO
-1

) are as follows. [39] 

1628 cm
-1 

and 1401 cm
-1

 (IRKBR), absent in Raman for 1a 

1465 cm
-1 

and 1319 cm
-1

(IRKBR), 1600 cm
-1

 and 1409 cm
-1 

(Raman) for 2a 

1559 cm
-1

 and 1399 cm
-1

, (IRKBR), 1588 cm
-1

 and 1484 cm
-1 

(Raman) for 3a 

1617 cm
-1

 and 1400cm
-1

, (IRKBR), 1600 cm
-1

 and 1182 cm
-1

 (Raman) for 1b 

1608 cm
-1

 and 1321 cm
-1

, 1600 cm
-1

 and 1179 cm
-1

 (Raman) for 2b. 

Table 2. Infrared (cm-1) spectral data of compounds 1a, 2a, 3a, 1b and 2b. 

Compounds ν(OH) 

carbox

ylic 

ν(OH) 

lattice 

water 

ν(OH) 

coordinated 

water 

ν(C=O) 

carboxylic 

ν(C=O) 

carbonyl 

νas(COO-) νsy(COO-) ν(C-OH) δ(C-OH) ν(M-O) 

NPG 3568 - - 1732 1770 - - 1217 994 - 

1a - - - 1731 1779 1628 1401 - - 567, 582 

2a - 3476 - 1720 1775 1465 1319 - - 534, 599 

3a 3127 - - 1717 - 1559 1399 1264 1078 442 

NPA 3206 - - 1722, 1705 1770 - - 1212 1001 - 

1b 3128 - 3413 1718 1772 1617 1400 1230 1010 531 

2b - - - 1716 1770 1608 1321 - - 532 

ν = stretching,δ= bending, as = asymmetrical, sy=symmetrical 



                

(a)                                                                              (b) 

Fig. 1. FTIR spectra (a) and Raman spectra (b) of compounds 1a, 2a, 3a, 1b and 2b.  

3.2. Crystal Structure Description of compounds  

3.2.1. Structure Determination 

The intensity data for all compounds were recorded using a Bruker SMART CCD area-

detector diffractometer with graphite monochromatic MoKα radiation (λ = 0.71073 Å) at 

T = 130(2) K. Semi-empirical absorption correction applied from equivalent reflections. 

Structure solutions were obtained by direct methods [40] and refined through full-matrix 

least squares refinements [40] based on F
2
. All atoms expect hydrogen were refined an-

isotropically, H-atoms were clearly located from difference fourier maps, refined at 

idealized positions riding on the parent atoms with isotropic displacement parameters 

Uiso(H) = 1.2Ueq(C/O) and C-H 0.95-0.98 Å. Specific crystal data and structure 

refinement details are given in Table 3, selected bond lengths as well as selected bond 

angles are given in Table 4 and 5 respectively. 

3.2.2. Specific structural details of 1a 

Single crystal X-ray diffraction analysis, revealed the formation of the lithium compound 

[C10H6NO4Li] (1a). Each lithium atom (Fig. 2a) is coordinated by three carboxylate 



  

oxygen atoms [O(3), O(3B), O(4B)] in a bridging mode and one carbonyl oxygen atom 

[O(1A)]. The selected bond angles(deg): O(3)-Li(1)-O(4)#1, 109.57º(14); O(3)-Li(1)-

O(3)#2, 113.88º(14); O(4)#1-Li(1)-O(3)#2, 111.96º(16); O(3)-Li(1)O(1)#3, 103.92º(15); 

O(4)#1-Li(1)-O(1)#3, 110.66º(14); O(3)#2-Li(1)-O(1)#3, 106.51º(14) suggested the 

formation of slightly distorted tetrahedral geometry of Lithium compound with 

coordination number 4. The two carbonyl groups present in NPG behaved differently, one 

group with bond length 1.209(2) Å coordinated with metal while other (1.207(2)) remains 

uncoordinated. The carboxylate bond lengths are 1.256(2) Å & 1.239(2) Å for O(3)-

C(10), O(4)-C(10) respectively with coordination mode η
2
µ

3
.[41] The bond length 

between lithium and oxygen is different for different motifs. The bond lengths [Li(1)-

O(3) 1.909(3) Å], [Li(1)-O(4A) 1.909(3) Å], [Li(1)-O(3B) 1.918(3) Å], [Li(1)-O(1A) 

1.936(3)Å] indicate that the carbonyl oxygen atom makes weaker bond with lithium as 

compared to the carboxylate oxygen atoms. Further the compound 1a crystallized in the non-

centrosymmetric space group P 2(1); however, the absolute configuration cannot be determined 

due to the absence of anomalous scattering effects. The schematic diagram of the 

coordination behaviour of lithium in compound 1a is shown in Fig. 2b. The lithium metal 

directed self-assembly (Fig. 2c) produced unique supramolecular structure. 



  

 

Fig. 2. (a) View of the molecular structure of LiNPG (1a) showing the coordination geometry about Lithium, 
anisotropic displacement ellipsoids are drawn at the 50% probability level (colour codes: Li, pink; C, grey; O, red; 

N, blue; H, green), symmetry transformations used to generate equivalent atoms for 1a: #1, x, y-1, z; #2, -x+1, y-1/2, 

-z+1; #3, -x+2, y-1/2, -z+1; #4, -x+1, y+1/2, -z+1; #5, -x+2, y+1/2, -z+1; #6, x, y+1, z. (b) Schematic diagram of the 

coordination behaviour of lithium in compound 1a. (c) Self-assembly diagram along a axis of 1a. 

3.2.3. Specific structural details of 2a 

Single-crystal X-ray diffraction analysis, showed the formation of the sodium compound 

[C20H13N2O8Na].2H2O (2a). Each sodium atom is coordinated by four carboxylate 

oxygen atoms [O(3), O(3C), O(4D), O(4E)] in a bridging mode and two carbonyl oxygen 

atoms [O(1A), O(1B)] presented in Fig. 3a. The measured bond distance for O3-C10 is 

1.227(2) Å and for O4-C10 is 1.291(2) Å in single crystallographically independent ligand NPG, 

the difference is significant and might indicate that O4 is hemiprotonated. This supposition is 

also supported by the fact that the compound was crystallized in acidic environment (pH 6-7). 

Indeed it was not possible to derive meaningful and eventual O-H positions from the difference 

maps. The selected bond angles (deg) suggested the formation of distorted octahedral 



  

geometry with coordination number 6. The two carbonyl groups showed the similar 

behaviour as in 1a, but here the difference of C-O bond length for metal coordinated 

(1.212(2) Å) and uncoordinated (1.206(2) Å) is much more evident than 1a. The 

carboxylate coordination mode is η
2
µ

2
 bridging. Two solvent water molecules are present 

per formula unit. The schematic diagram of the coordination behaviour of sodium in 

compound 2a and supramolecular structure is shown in Fig. 3b and 3c. 

 

Fig. 3. (a) View of the coordination environment of Na for NaNPG (2a), anisotropic displacement 

ellipsoids are drawn at the 50% probability level (colour codes: Na, blue; C, grey; O, red; N, blue; H, green), 

symmetry transformations used to generate equivalent atoms for 2a: #1, -x, -y+1, -z+2; #2, x, y-1, z; #3, -x, -y, -z+2; 

#4, x, -y, z-1/2; #5, -x, y, -z+5/2; #6, x, y+1, z. (b) schematic diagram of the coordination behaviour of sodium 

in compound 2a. (c) Self-assembly diagram along c* axis of 2a. 

3.2.4. Specific structural details of 3a  

Single crystal X-ray diffraction analysis, confirmed the formation of the potassium 

compound [C8H5O4K] (3a) (Fig. 4a). The co-ordination number of K is 7 with pentagonal 

bipyramidal (Fig. 4b). The self-assembly is evident in Fig. 4c. 



  

 

Fig. 4. (a) View of the molecular structure of 3a showing the coordination geometry about potassium, anisotropic 

displacement ellipsoids are drawn at the 50% probability level, (colour codes: K, blue; C, grey; O, red; H, green), 

symmetry transformations used to generate equivalent atoms for 3a: #1, -x+1/2, y, z-1/2; #2, -x, -y, z-1/2; #3, -x, -y, 

z+1/2; #4, -x+1/2, y, z+1/2. (b) Schematic diagram of the coordination behaviour of sodium in compound 3a. (c) 

Self-assembly of 3a along b* axis. 

3.2.5. Specific structural details of 1b and 2b 

The single crystal X-ray diffraction displayed the formation of lithium compound 

[C22H17N2O8Li.H2O] (1b) and [C22H17N2O8Na] (2b). The structural details of 1b is 

described as, each lithium atom is coordinated by four oxygen atoms labelled as O(4), 

O(5), O(8) and O(9) which are related to the three NPA ligands and one water molecule 

shown in Fig. 5(a) along with schematic view in Fig. 5 (b). The carboxy oxygen atoms 

O(4) and O(8) are related to two different crystallographically independent NPA ligands. One 

NPA ligand which is coordinated to Li(I) ion through O(4) has been refined in protonated form, 



  

the bond length difference between C11-O3 (1.310(2) Å) and C11-O4 (1.211(2) Å) is evident, 

suggesting the protonation of O(3) as O(3)-H(3)). The second carboxy group oxygen O(8) 

coordinated to Li (I) ion is related to the other crystallagraphic independent deprotonated NPA 

ligand, bond distances C22-O7 and C22-O8 of the deprotonated carboxy group are nicely the 

same. The ring carbonyl O(5) atom related to deprotonated NPA ligand also connected to Li(I) 

ion through the third coordination bond around lithium. The bond length is mentioned here for 

two ring carbonyl of deprotonated NPA, one is coordinated C12-O5 (1.216Å) and other is 

uncoordinated C19-O6 (1.210(2) Å). One coordinated water molecule having O(9) atom refined 

as neutral ligand forming forth coordination bond with Li(I) ion. The selected bond angles 

(deg) suggest the formation of distorted tetrahedral geometry with coordination number 4 

around lithium. The carboxylate coordination mode is η
1
µ

1
. For 2b one crystallographically 

independent NPA ligand is refined, but from molecular formula the metal to ligand ratio 

found is 1:2, also there is reasonable difference in the bond distance of C11-O3 (1.226 Å) 

and C11-O4 (1.291Å) relating to carboxy group of refined NPA, the third important fact is 

that 2b was crystallized in acidic pH (6-7) environment. All aforementioned facts support the 

claim that ligand NPA is not fully deprotonated but it is hemiprotonated. The crystallographic 

limits can be understood as previously discussed in the crystallographic discussion part of 

compound 2a. Each sodium atom in 2b is coordinated by four carboxylate oxygen atoms 

[O(3B), O(3C), O(4B), O(4C)] in a bridging mode and two ring carbonyl oxygen atom 

[O(1), O(1A)] (see Fig. 5c) producing self-assembly structure shown in Fig. 6e. The 

selected bond angles (deg) suggest the formation of distorted octahedral geometry with 

coordination number 6. The two carbonyl groups present in n-phthaloyl ß-alanine behave 



  

differently as O(1) coordinates to Na while O(2) remains uncoordinated. The carboxylate 

coordination mode is η
2
µ

2 
bridging. The schematic diagram of 2b is present in Fig. 5d. 

 

Fig. 5. The coordination environment of Li(I) ion for compound 1b (a) and Na(I) ion for compound 2b (c), 

anisotropic displacement ellipsoids are drawn at the 50% probability level, (colour codes: Li, pink; C, grey; O, red; 
N, blue; H, green for 1b and Na, blue; C, grey; O, red; N, blue; H, green for 2b), symmetry transformations used to 

generate equivalent atoms: #1, -x+2, -y+1, -z+1 for 1b and #1, x, y-1, z; #2, -x+2, -y+2, -z; #3, x-1, y-1, z; #4, -x+3, 

-y+2, -z; #5, -x+2, -y+1, -z; #6, x+1, y+1, z; #7, x, y+1, z for 2b. (b) and (d) Schematic diagram of the coordination 

behavior of lithium and sodium respectively. (e) Self-assembly of 2b along b axis using ball and stick model. 

 



  

Table 3. Crystal data and structure refinement details of compounds for 1a, 2a, 3a, 1b and 2b.  

 1a 2a 3a 1b 2b 
Empirical formula  C10 H6 Li N O4 C20 H17 N2 Na O10 C8 H5 K O4 C22 H19 Li N2 O9 C22 H17 N2 Na O8 

Formula weight  211.1 467.34 204.22 462.33 459.36 

T (K) 130(2)  130(2)  130(2)  130(2)  130(2)  

Wavelength (Å) 0.71073  0.71073  0.71073  0.71073  0.71073  

Crystal system  Monoclinic Orthorhombic Orthorhombic Triclinic Monoclinic 

Space group  P2(1) Pbcn Pca2(1) P-1 P2(1)/n 

a  (Å) 7.2750(19)       33.517(3)              9.5684(9)                   6.9625(6)  5.2397(4)               

b  (Å) 4.8795(13)   5.0923(5)           13.2423(12) 10.3480(9)    7.0386(6)     

c  (Å) 13.416(4) 11.9039(11)   6.4190(6) 15.8169(13)       27.744(2)            

α  (°) 90 90 90 102.721(2)   90 

β  (°) 98.259(5)       90 90 98.527(2)        91.792(2)        

γ  (°) 90 90 90 100.575(2)  90 

Volume (Å3) 471.3(2)  2031.7(3)  813.34(13)  1071.36(16)  1022.68(14)  

Z 2 4 4 2 2 

D calc (Mg/m3) 1.488  1.528  1.668  1.433  1.492  

Absorption coefficient(mm-1) 0.115  0.142  0.627  0.112  0.133  

F(000) 216 968 416 480 476 

Crystal size (mm3) 0.48 x 0.22 x 0.19  0.48 x 0.33 x 0.25  0.38 x 0.20 x 0.10  0.47 x 0.21 x 0.11  0.48 x 0.20 x 0.12  

θ(°) range  1.53 to 27.88 2.43 to 27.88 1.54 to 27.87 2.07 to 27.88 1.47 to 27.86 

Reflections collected 4497 17568 6954 10271 9219 

Independent reflections 1257  2419  1921  5081  2441  

R(int) 0.0176 0.0244 0.0208 0.0212 0.0222 

Completeness to θ = 27.88° 99.90% 0.999 0.998 99.60% 100.00% 

Max. and min. transmission 0.9785 and 0.9469 0.9654 and 0.9351 0.9399 and 0.7966 0.9878 and 0.9493 0.9843 and 0.9391 

 

 

CCDC Number 870359 870722 872685 873800 876492 

 

     Table 4. Selected metal-oxygen bond distances (Å) for 1a, 2a, 3a, 1b and 2b.  

          Table 5. Bond angles (deg) around the metal centres for 1a, 2a, 3a, 1b and 2b. 

1a BOND 

ANGLES(°)   

2a  BOND 

ANGLES(°)   

3a  BOND 

ANGLES(°)   

1b BOND 

ANGLES(°)   

2b  BOND 

ANGLES(°)   

O(3)-Li(1)-O(4)#1 109.57(14) O(4)#1-Na(1)-O(4)#2 180.0 O(4)#1-K(1)-O(4) 89.23(3) O(8)#1-Li(1)-O(9) 106.43(12) O(4)#1-Na(1)-O(4)#2 180.00(7) 

O(3)-Li(1)-O(3)#2 113.88(14) O(4)#1-Na(1)-O(3)#3 95.00(3) O(4)#1-K(1)-O(3) 129.53(3) O(8)#1-Li(1)-O(4) 112.11(12) O(4)#1-Na(1)-O(3)#3 95.92(4) 

O(4)#1-Li(1)-O(3)#2 111.96(16) O(4)#2-Na(1)-O(3)#3 85.00(3) O(4)-K(1)-O(3) 87.00(3) O(9)-Li(1)-O(4) 115.59(12) O(4)#2-Na(1)-O(3)#3 84.08(4) 

O(3)-Li(1)-O(1)#3 103.92(15) O(4)#1-Na(1)-O(3) 85.00(3) O(4)#1-K(1)-

O(3)#2 

89.37(4) O(8)#1-Li(1)-O(5) 115.47(12) O(4)#1-Na(1)-O(3)#4 84.08(4) 

O(4)#1-Li(1)-O(1)#3 110.66(14) O(4)#2-Na(1)-O(3) 95.00(3) O(4)-K(1)-O(3)#2 132.82(3) O(9)-Li(1)-O(5) 111.38(12) O(4)#2-Na(1)-O(3)#4 95.92(4) 

O(3)#2-Li(1)-O(1)#3 106.51(14) O(3)#3-Na(1)-O(3) 180.00(3) O(3)-K(1)-O(3)#2 127.75(3) O(4)-Li(1)-O(5) 95.98(11) O(3)#3-Na(1)-O(3)#4 180.0 

O(3)-Li(1)-Li(1)#2 133.08(16) O(4)#1-Na(1)-O(1)#4 102.50(3) O(4)#1-K(1)-O(2) 82.77(3) ------------ ------------ O(4)#1-Na(1)-O(1) 79.82(5) 

O(4)#1-Li(1)-Li(1)#2 74.62(9) O(4)#2-Na(1)-O(1)#4 77.50(3) O(4)-K(1)-O(2) 137.88(3) ------------ ------------ O(4)#2-Na(1)-O(1) 100.18(5) 

O(3)#2-Li(1)-Li(1)#2 37.50(10) O(3)#3-Na(1)-O(1)#4 90.87(3) O(3)-K(1)-O(2) 67.68(3) ------------ ------------ O(3)#3-Na(1)-O(1) 94.63(4) 

O(1)#3-Li(1)-Li(1)#2 118.49(15) O(3)-Na(1)-O(1)#4 89.13(3) O(3)#2-K(1)-O(2) 88.55(3) ------------ ------------ O(3)#4-Na(1)-O(1) 85.37(4) 

O(3)-Li(1)-Li(1)#4 37.70(4) O(4)#1-Na(1)-O(1)#5 77.50(3) O(4)#1-K(1)-

O(4)#2 

147.96(4) ------------ ------------ O(4)#1-Na(1)-O(1)#5 100.18(5) 

O(4)#1-Li(1)-Li(1)#4 136.81(17) O(4)#2-Na(1)-O(1)#5 102.50(3) O(4)-K(1)-O(4)#2 118.76(4) ------------ ------------ O(4)#2-Na(1)-O(1)#5 79.82(5) 

 

1a (M-O)& 

(M-M) 

Bond 

Distance(Å) 

2a (M-O) 

 

Bond 

Distance(Å) 

3a (M-O) 

 

Bond 

Distance(Å) 

1b(M-O) Bond 

Distance(Å) 

2b (M-O) 

 

Bond 

Distance(Å) 

Li(1)-O(3) 1.909(3) Na(1)-O(4)#1 2.2946(9) K(1)-O(4)#1 2.6271(11) Li(1)-O(8)#1  1.900(3) Na(1)-O(4)#1  2.3065(11) 

Li(1)-O(4)#1 1.909(3) Na(1)-O(4)#2 2.2946(9) K(1)-O(4) 2.7441(13) Li(1)-O(9)  1.903(3) Na(1)-O(4)#2  2.3065(11) 

Li(1)-O(3)#2 1.918(3) Na(1)-O(3)#3 2.3797(9) K(1)-O(3) 2.7724(11) Li(1)-O(4)  1.938(2) Na(1)-O(3)#3  2.3668(11) 

Li(1)-O(1)#3 1.936(3) Na(1)-O(3) 2.3797(10) K(1)-O(3)#2 2.7875(11) Li(1)-O(5)  1.960(2) Na(1)-O(3)#4  2.3668(11) 

Li(1)-Li(1)#2 3.032(3) Na(1)-O(1)#4 2.4130(10) K(1)-O(2) 2.8501(11) O(8)-Li(1)#1  1.900(3) Na(1)-O(1)  2.4347(11) 

Li(1)-Li(1)#4 3.032(3) Na(1)-O(1)#5 2.4130(10) K(1)-O(4)#2 2.9648(11) ------------ ------------ Na(1)-O(1)#5  2.4347(11) 

O(1)-Li(1)#5 1.936(3) O(1)-Na(1)#5 2.4130(10) K(1)-O(2)#3 3.1076(12) ------------ ------------ Na(1)-O(4)#1  2.3065(11) 

O(3)-Li(1)#4 1.918(3) O(4)-Na(1)#6 2.2946(9) O(2)-K(1)#2 3.1076(12) ------------ ------------ O(3)-Na(1)#6  2.3668(11) 



  

3.3. Thermal stability studies 

Thermal analysis curves of all studied compounds are shown in Fig. 6. The thermo 

analytical data is summarized in Table 6. The thermal analyses of compound 1a does not 

show any weight loss up to 230°C indicating the absence of any coordinated or lattice 

water molecules in the complex.[44] Its thermal degradation occurred in two steps. These 

two steps in the range of temperature 230-470°C & 470-805°C showed the decomposition 

of NPG. [45] These two stages are in connection with a weight loss of 90.90%. The 

calculated weight loss value in these two stages is 92.85%. The total observed weight loss 

value is 90.90% with a residue equal 9.1% which is corresponding to lithium oxide 

Li2O.[46] These results show good agreement with the theoretical values of total loss 

equal 92.85% and residual 7.11%. 

Table 6. Thermal data of compounds 1a, 2a, 3a, 1b and 2b.  

Compounds/ 

Codes 

Number of 

Stages 

Temp. 

range 

(
o
C) 

Tmax. (
o
C) 

 

Thermogravimetry(TG) 

Decomposition 

Species 
Mass Loss (%) 

Observed 

Mass Loss 

(%) 

calculated 

     1a 2 
      230-470 

      470-805 

426 (-) 

709(-) 

    40.45 

    50.32 
90.90 92.85 NPG 

2a 6 

60-115 

116-176 

80(+) 

126(+) 

3.107 

3.950 
7.057 7.71 2H2O 

177-254 

255-345 

346-389 

390-650 

204(+) 

308(+) 

364(+) 

472(-) 

40.337 

24.416 

8.960 

7.852 

 

82.41 

 

83.87 2NPG 

3a 3 

250-350 

351-572 

573-750 

313(+) 

525(-) 

747(-) 

40.938 

13.896 

12.850 

 

67.68 

 

65.23 Phthalic acid 

1b 5 

100-140 118 (+) 4.05 3.90 H2O 100-140 

141-170 

171-292 

293-400 

401-775 

155(+) 

275(+) 

338(-) 

642(-) 

0.527 

44.023 

25.273 

21.62 

91.44 92.79 

141-170 

171-292 

293-400 

401-775 

2b 2 
200-450 

451-790 

269(+) 

594(-) 

67.351 

21.608 
89.48 91.43 2NPA 



  

The TG-DTA curves of 2a indicate six step decompositions. Dehydration of two water 

molecules is observed endothermally in the first two steps between 60-115°C and 116-

176°C.[47] The rest four stages in the range of 177-650°C showed decomposition of two 

NPG. These four stages are in connection with a weight loss of 82.41%. The calculated 

weight loss value in these four stages is 83.87%. The total observed weight loss value is 

89.47 % with a residue equal 10.53 % corresponds to sodium peroxide. These results 

show good agreement with the theoretical values of total weight loss equal to 91.57% and 

residual 8.35%. 

 

Fig. 6. TGA curves of compounds 1a, 2a, 3a, 1b and 2b. 

The thermal analyses of compound 3a does not show any weight loss up to 250°C 

indicating the absence of any coordinated or lattice water molecules in the complex. Its 

thermal degradation occurred in three stages in the range from 250-750°C giving 

potassium super oxide as a final residue.[48] The total weight loss value was 67.68% with 

a final residue 32.3% which is equivalent to the theoretical values 65.23% and 34.77%, 

respectively. The TG-DTA curves of 1b indicate five step decompositions. Dehydration 

of one water molecules is observed endothermally in the first step between 100-140°C. 

The rest four stages range of 141-775°C showed the decomposition of two NPA.[49] 



  

These four stages are in connection with a weight loss of 91.44% and the calculated 

weight loss value in these four stages is 92.79%. The total observed weight loss value is 

95.53% with a residue equal 4.05% corresponds to lithium oxide Li2O. These results 

show good agreement with the theoretical values, total loss equal 96.68% and residual 

3.89%. The thermal degradation of 2b occurred in two stages in the range from 200-

450°C and 451-790°C giving sodium peroxide (Na2O2) as a final residue.[48] The total 

weight loss value was 89.48% with a final residue 10.52% which is equivalent to the 

theoretical values 91.43% and 8.49%, respectively.  

3.4. Luminescent Properties 

The compounds [Li(NPA)2H2O](1b) and [Na(NPA)2](2b) showed two strong 

fluorescence emissions (blue emission maxima) with greater intensity comparative to 

their ligand fluorescence emission i.e NPA.[50] While the compounds [Li(NPG)](1a), 

[Na(NPG)2]2H2O(2a) showed two weak fluorescence emissions (blue emission maxima) 

with less intensity comparative to their ligand fluorescence emission i.e. NPG as shown in 

Fig.7. 

 

Fig. 7. Fluorescence spectrum of compounds in 1.0 × 10
-3

 M in DMSO solution at 25.0 ± 0.1 ºC. 



  

 Due to base hydrolysis of NPG for potassium complex [C8H5KO4](3a) [51] ligand based 

fluorochrome has been changed showing different shape of emission spectrum as 

compared to other compounds. Fluorescence emissions spectra depicted in Fig. 8 and data 

is presented in Table 7.  

Table 7. Fluorescence data of compounds 1a, 2a, 3a, 1b, 2b NPG and NPA. 
 

 

 

 

 

Due to the resemblance in the shapes and positions of fluorescence emission and 

excitation pattern of complexes and ligands, it can be decided that the emissions observed 

for the complex is neither MLCT (metal-to-ligand charge transfer) nor LMCT (ligand-to-

metal charge transfer) in nature, and can be assumed as the intra-ligand fluorescent 

emission. [52] The emission observed in the compounds assigned to the (π→π* & n→π*) 

intra-ligand fluorescence. [53] The slight difference in the positions of luminescent peaks 

in the compounds may be due to the different coordination modes of ligands. 

Conclusion 

In this work, new polymeric nature compounds [Li(NPG)], [Na(NPG)2]·2H2O, 

[C8H5KO4], [Na(NPA)2] had been synthesized. These compounds are structurally 

characterized as thermally stable supramolecular alkali metal coordination polymers. The 

compound [Li(NPA)H2O] did not show self-assembly, so it can be regarded as lithium 

complex of NPA. Co-ordination geometries along with coordination modes were 

discussed. The coordination modes are verified by the utilization of useful information 

Compounds EX(nm) EM(nm) Stoke Shift(nm) 

1a 367 415 & 438 48 & 71 

2a 367 411 & 437 44 & 70 

3a 366 414 & 438 48 & 72 

1b 374 413 & 437 39 & 63 

2b 368 417& 438 49 & 70 

NPG 364 417 & 438 53 & 74 

NPA 368 417 & 439 49 & 71 



  

provided by FTIR and Raman spectroscopies. The thermal stability data showed that the 

coordination polymers are stable up to much higher extent. Compounds 1a, 2a, 1b & 2b 

showed ligand-based photoluminescence properties while in the 3a, ligand based 

fluorochrome has been changed showing different shape of emission spectrum as 

compared to other compounds. 

Supplementary Information 

Crystallographic data (excluding structure factors) for the structures in this paper have 

been deposited in the Cambridge Crystallographic Data Centre as supplementary 

publication, CCDC Nos. 870359, 870722, 872685, 873800 and 876492 for compounds 

1a, 2a, 3a, 1b and 2b respectively. Copies of the data can be obtained free of charge on 

application to CCDC, 12 Union Road, Cambridge CB2 1EZ, UK (fax: (internet) +44 

1223 336 033; e-mail: deposit@ccdc.cam.ac.uk). or www at http://www.ccdc.cam.ac.uk]. 
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Research Highlights 

  Synthesis of five alkali metal coordination compounds has been performed. 

  Hydrolysis of N-phthaloyl glycine, resulted, the formation of potassium compound with phthalic 

acid [C8H5KO4]. 

 Different carboxylate coordination modes η2µ3and η1µ1 η2µ2 with interesting geometries around 

alkali metals. 

 Thermal stability studies of alkali metal coordination compounds have been carried out. 

  Lithium and sodium compounds of N-phthaloyl-ß-alanine showed two strong fluorescence 

emissions enhancement relative to their ligand.  

 


