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Abstract: While metal carboxylates are by no means rare or inaccessible, complete characterization with notable exception 

of acetates is largely neglected hence a deficiency within the carboxylate literature giving rise to discrepancies within the 

characterization data available thus, spectroscopic properties of synthesized sodium metal carboxylates of acetic acid and 

myristic acid were investigated using Atomic Absorption Spectroscopy (AAS), flame photometry, FTIR spectrophotometer and 

UV- Visible spectrophotometry. AAS and flame photometric results showed elemental abundance of the sodium metals in the 

carboxylate complexes. FTIR spectra data revealed ʋCOO
-
 absorptions at 1636 cm

-1
 and 1558 cm

-1
 for sodium acetate and 

sodium myristate respectively. The free acid ligands showed absorptions at 1703 cm
-1

 for acetic acid which shifted to 1636 cm
-

1
 for sodium acetate. FTIR absorption of myristic acid revealed a strong absorption band at 1696 cm

-1
 which shifted to 1558 

cm
-1

 in sodium myristate. The geometry of the complexes were determined by the magnitude of separation, ∆ʋ, which is equal 

to ʋaym - ʋsym,. The values of ∆ʋ for the synthesized sodium acetate complex was found to be 231 cm
-1

 and 138 cm
-1

 for sodium 

myristate indicating monodentate and bridging bidentate bonding respectively. Force constants of the carboxylates which 

correspond to their bond energies were found to be 1495.94 K NM
-1

 and 1358 K NM
-1

 for sodium acetate and sodium 

myristate, respectively. The UV- Visible analysis shows ʎ max values of 201 nm and 195 nm for sodium acetate and sodium 

myristate respectively, which corresponds to the absorption of the COO chromophore which is due to n-π* transition. 

Keywords: Carboxylates, Complexes, Bonds, Adsorption, Chromophore 

 

1. Introduction 

Many metal carboxylates have been known since ancient 

times. The first use of the material appeared to be in the 

formation of lead linoleates found in early paints used in 

mummification. The lubricating properties of these metal 

carboxylates were also noticed as early as 1400BC. From 

the dawn of the industrial revolution in the 18
th

 century, 

rapid progress in the field of metal carboxylates was made. 

Other uses then included water proofing materials and for 

adjusting the hardness of organic materials [1]. Metal 

carboxylates have emerged as an important family in the 

last few years. This family includes not only mono-and di-

carboxylates of transition, rare-earth and main-group metals 

but also a variety of hybrid structures which possess novel 

adsorption and magnetic properties as well as spectral 

properties [2]. 

The chemistry of metal carboxylates continues to be an 

area of intense research in view of its diverse applications. 

Studies of metal carboxylates have been conducted to 

elucidate their physicochemical properties as well as 

applications in the chemical industry. In these studies, the 

structure of the carboxylate can apparently with great 

accuracy be predicted using their spectral, thermal and 

magnetic properties. Metal carboxylates exhibit fascinating 

structural features such as the structural diversity which is 

attributed to the versatile ligation behavior of the 
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carboxylate group which can function like a bidentate 

ligand coordinating through two atoms or as monodentate 

ligand. In addition, the carboxylate ligand can stabilize 

polynuclear metal systems which exhibit interesting 

magnetic properties [3]. 

Chemically, metal carboxylates are regarded as derivatives 

of carboxylic acids which are organic Bronsted acids of the 

general formula RCOOH where R is a general organic 

moiety. The length and chemical nature (single or double 

bonds, linear or branched shapes, number and type of 

heteroatoms etc) of this organic residue determines the 

polarity and decomposition behavior of the acid and 

corresponding carboxylate. Short chain carboxylates are 

soluble in water whereas those of longer chains are not 

soluble in polar solvents due to increasing hydrophobic 

nature of the longer alkyl chain. These longer chain acids and 

their derivatives are soluble in less-polar solvents such as 

ethers, toluene etc [4]. 

The release of proton from carboxylic acid leads to the 

formation of the carboxylate anion which is stabilized by 

delocalization of the negative charge between the two oxygen 

atoms (resonance). Thus each of the carbon oxygen bonds in 

a carboxylate anion has a partial double-bond character 

which is also reflected in the carbon-oxygen bond lengths 

(136pm) that lies between the bond length of a carbon-

oxygen double bond (123pm) and single bond (143pm) [5]. 

Complex formation leads to several changes in the 

spectroscopic data of the complexed ligands relative to that 

of the free ligands. These could be due to changes in 

electronic structure or the state of symmetry of the metal 

carboxylate. These changes affect the vibrations of the 

complex causing a change in the vibrational spectrum of the 

metal carboxylate compared to that of the free ligand [6]. 

A widely used principle says that shifts in the wave 

numbers of carboxylate stretching mode upon bonding with a 

metal center can be used to determine the geometry of the 

metal carboxylates. Spectrophotometric techniques such as 

FTIR spectrophotometry, UV- Visible spectrophotometry and 

AAS have been found to be reliable techniques for this 

purpose. 

In this study, sodium carboxylates of acetic acid and 

myristic acid were synthesized and characterized using AAS, 

FTIR, UV- Visible spectrophotometry and flame photometry. 

2. Materials and Methods 

Acetic acid, myristic acid, methanol, ethanol, acetone, 

DMSO and diethyl ether of high purity were purchased from 

Sigma Aldrich, Germany and used without further 

purification. 

2.1. Preparation of Sodium Carboxylates 

2.1.1. Preparation of Sodium Acetate 

Acetic acid (100 mL) was poured into a 250 mL beaker 

containing sodium bicarbonate (7 g) little at a time until 

effervescence subsided. The solution was heated until about 

20 mL of solution was remaining. The solution was poured 

into a watch glass and allowed to cool undisturbed to form 

long needle like crystals which were collected and dried in a 

desiccator. The dried crystals were collected and stored in an 

air tight container. The equation for the reaction is as shown 

in equation [7, 8]. 

NaHCO3 + CH3COOH → CH3COONa + CO2 + H2O     (1) 

2.1.2. Preparation of Sodium Myristate 

Sodium hydroxide pellets (10 g) was dissolved of 95 % 

ethanol (100 mL). Myristic acid (17 g) was added and the 

mixture heated to 68°C and refluxed for 20 minutes to 

form a goopy precipitate. Distilled water (10 mL) and 

saturated sodium chloride solution were added to 

precipitate the soap. The solution was filtered to collect a 

clumpy wet soap which was dried at room temperature for 

2 hours to obtain a waxy white solid. This was collected, 

weighed and stored. The equation for the reaction is 

shown in equation [9]. 

NaOH + CH3(CH2)12COOH → CH3(CH2)12COONa + H2O (2) 

2.2. Determination of Percentage Yield 

The percentage yields of the synthesized metal 

carboxylates were calculated using the equation below; 

%Yield=Actual yield/Theoretical yield×100      (3) 

2.2.1 Determination of Solubility 

Supersaturated solutions of the synthesized metal 

carboxylates were made using distilled water, methanol, 

ethanol, acetone, DMSO and diethyl ether to determine the 

solubility of the metal carboxylates in the solvents. 

2.2.2. Determination of Melting Point 

Capillary tubes were filled with the solid samples of the 

prepared carboxylates to about 3 mm high. The tubes were 

then placed in a Barnstead Electro thermal melting point 

apparatus. The apparatus was set at a high level to make a 

rapid determination of melting point. The melting range was 

observed through the magnifying lens on the apparatus and 

recorded for each carboxylate. 

2.3 Spectral Characterization 

2.3.1. FTIR Spectrophotometry 

The infrared spectra of the synthesized metal carboxylates 

were measured using a Shimadzhu FTIR8400s model and 

scanned between 4000 cm
-1

 and 700 cm
-1

 at 32 runs per 

minute. The charts were plotted on a computer inter-phased 

with the spectrophotometer and printed. 

2.3.2. Uv-Visible Spectrophotometry 

Uv- Visible analysis was carried out using a 

ShimadzhuUv2550 model spectrophotometer. 

2.3.3. Flame Photometry 

Sodium metal content in sodium acetate and sodium 

myristate was determined using flame photometry.  
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3. Results and Discussion 

3.1. Yield and Percentage Yield 

The yield and percentage yield were calculated using equation 

(3) and tabulated for each complex as shown in Table 1. The 

synthesized complexes were obtained in good yield. The 

saponification route produced higher yields while the 

neutralization route produced metal carboxylates with lower 

yield especially for the acetates which were obtained as crystals. 

Sodium acetate was obtained as white crystals of fine 

shape. This is in line with the findings of Groenewald and 

colleagues [9] and Tackett [10] in their respective 

investigations of metal acetates. Sodium myristates however 

was obtained as white solids as expected. 

The metal carboxylates were synthesized using the direct 

reaction, classical acid-base and neutralization routes. 

Crystals and powdered products were obtained. 

Table 1. Yield and Percentage yield for each complex. 

Complex Physical Appearance Actual Yield Theoretical Yield Percentage Yield 

Sodium acetate White needle like crystals 30.00 143.00 20.00 

Sodium myristate White granules 17.73 31.25 56.70 

 

3.2. Solubility Test of Metal Carboxylates in Some Solvents 

The results of solubility test carried out on the prepared 

sodium metal carboxylates are summarized in Table 2. This 

result showed that Sodium acetate was soluble in distilled water. 

This can be attributed to the polarity of the metal carboxylates 

and that of the solvents. Ionic or polar solutes dissolve in polar 

solvents. Non-polar solutes dissolve in non-polar solvents. Short 

chain carboxylates are soluble in water whereas those of longer 

chains are insoluble in water but slightly soluble in hot distilled 

water due to the increasing hydrophobic nature of the longer 

alkyl chain. Longer chain metal carboxylates are however 

soluble in nonpolar solvents [12]. 

3.3. Melting Point of Metal Carboxylates 

Melting point range of the metal carboxylates which was 

determined using a Barnstead Electrothermal apparatus 

model 9100 are shown in Table 3. The melting point range 

were observed to be 57°C – 60°C for sodium acetate and 

243°C – 245°C for sodium myristates. These melting points 

are in close agreement with those obtained from literature 

indicating very minimal impurities in the prepared 

carboxylates. Shorter chain alkyl3 aliphatic compounds are 

of lower melting points as melting point increases with 

increasing carbon chain length of carboxylates. The increase 

in the melting point is however not linear as chain length 

increases. The complexes that have higher melting points are 

believed to have greater ionic character [13]. 

Table 2. Solubility of Metal carboxylates. 

Solvent Sodium acetate Sodium myristate 

Methanol IS IS 

Ethanol IS IS 

Distilled H2O S S 

Acetone IS IS 

Diethyl ether IS IS 

DMSO IS IS 

KEY: S = soluble, IS = insoluble, SS = slightly soluble 

Table 3. Melting point of metal carboxylates. 

Complex Melting Point /°C 

Sodium Acetate 57 – 60 

Sodium myristate 107 – 110 

3.4. FTIR and Uv-Visible Spectra 

Frequencies of important functional groups in the free acid 

ligands and metal carboxylates are summarized in tables 4 

and 5, respectively. 

The FTIR spectra of the free acid ligands display a 

strong band at 1703 cm-1 and 1654 cm-1 respectively for 

acetic acid and Myristic acid. These bands however shift 

to lower frequencies in the spectra of the corresponding 

metal carboxylates as can be shown in Figures 2 (a–d). 

Figures 3 (a–d) shows the comparison between the Uv-

Visible absorptions due to the COO- chromophore in both 

the free acid spectra and their corresponding metal 

carboxylates. 

3.5. FTIR Spectra of Free Ligands 

Table 4. Frequencies for FTIR Spectra of Free Ligands. 

Ligands τ(CH3) cm-1 υ(C=O) cm-1 υ(CH3) cm-1 υ(OH) cm-1 

Acetic Acid 887m 1730S 2899w 3384m 

Myristic Acid 723w 1654w 2918s 3399b 

KEY; w = weak band, s = strong band, m = medium band, τ = rocking vibration, b = broad band. 

The IR spectra of acetic acid from table 4 displays a strong 

absorption band at 1703 cm-1 which corresponds to a 

carbonyl stretch υ(C=O). A weak band at 2899 cm-1 is 

assigned to υ(C-H) stretching frequencies and a strong broad 

band at 3384 cm-1 indicates the presence of the strongly 

bonded υ(O-H) of carboxylic acids. A sharp absorption band 

at 1263 cm-1 is assigned to υ(C-O) stretching vibration. The 

infrared spectrum of myristic acid (Figure 2) on the other 

hand shows a strong absorption band at 1696 cm-1 which is 

assigned υ (C=O) stretch. A strong absorption band at 2914 
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cm-1 is assigned to υ(C-H) stretch. A very weak band at 2955 

cm-1 is assigned to O-H stretching frequency. Carboxylic 

acids form strongly bonded hydrogen dimers as the hydroxyl 

group has direct interaction with the carbonyl group in the 

condensed phase and this shifts the (O-H) stretching 

frequency to lower values of less than 3000 cm-1 depending 

on the strength of hydrogen bonding [14]. 

The presence of medium intensity methylene (twisting) 

band at 1446 cm-1 and another at 723 cm-1 (methylene rocking) 

vibration in the myristic acid spectrum indicates a long chain 

saturated aliphatic structure. These bands are however absent 

in the acetic acid spectrum indicating a short chain aliphatic 

structure [15]. The medium intensity band at 1237 cm-1 can 

also be assigned to υ(C-O) stretching vibrations. 

3.6. FTIR Spectra of Metal Acetates 

FTIR spectra of metal carboxylates are shown in Figures 2 

(a-d). The assignment of absorption bands to important 

functional groups is summarized in table 5. Upon 

complexation to the divalent metal centres, the absorption band 

of υ(C=O) stretch in acetic acid at 1703 cm
-1

 which is on the 

high side due to extensive H-bonding in the carboxylic acid, 

shifted to 1636 cm
-1

 and 1408 cm
-1

 in sodium acetate 

spectrum. This occurs because, on complexation, υ(C=O) 

shifts to lower energy as its vibrational mode becomes coupled 

to that of the other oxygen giving rise to an asymmetric feature 

Vasy. Similarly, the (C-OH) band shifts to higher energy on 

deprotonation yielding a symmetric COO
-
 mode (υs). This 

occurs as a result of the presence of a resonance stabilized 

carboxylate anion which contains two identical C=O bonds of 

lower frequency due to the delocalization of the charge. 

Resonance or mesomeric effect also results in the decrease of 

the bond order of the C=O bond leading to lower v(C=O) 

stretch. The bonding in metal carboxylates involves electrons 

in the π orbitals of the metal. Resonance interaction with 

electrons in the carbonyl group leads to a reduction in bond 

character of the carboxylate group. This reduces the force 

constant resulting in a lower wave number of absorbance 

compared to that of the free acids [16]. The lowering of the 

acetic acid carbonyl stretch occurs as bond orders of the 

carboxylate ion of both (C=O) and (C-OH) group tend towards 

each other as there is π-electron delocalization between the 

metal centre and C=O. This confirms that complex formation 

is through the carbonyl oxygen. Broad overlapping absorption 

bands at 3380 cm
-1

 and 3265 cm
-1

 in sodium acetate is 

assigned to (O-H) stretching vibrations which indicate that the 

complexes are hydrated. Although it is expected that upon 

formation of a new complex, the (O–H) stretch is supposed to 

disappear but the presence of water of crystallization accounts 

for the (O–H) vibration band observed [17]. 

Table 5. FTIR Spectra of Metal Carboxylates. 

Carboxylate υ(COO)asym υ(COO)sym υ(C-O) υ(OH) υ(C – H) 

Sodium Acetate 1636 1408 1278m 3380m - 

Sodium myristate 1695s 1468m 1189m - 2914s 

Key: s = Strong, m = Medium, w = Weak 

The absorption band at 2899 cm
-1

 assigned to υ(C-H) in 

acetic acid spectrum occurs at higher wave numbers of 3265 

cm
-1

 in the sodium acetate spectrum. 

A medium intensity band observed at 1386 cm
-1

 in the free 

acetic acid spectrum assigned to υ(C-O) stretch shifts to 

lower wave numbers of 1278 cm
-1

 in sodium acetate 

spectrum. This is also an indication that coordination is via 

oxygen atom with metal ion resulting in the formation of C-

O-M bond. An ionic carboxylate is resonance stabilized 

through the delocalization of charge within the carboxylate 

group. This lowers the double bond character of the carbonyl 

group and consequently its force constant. The frequency of 

absorption of the carboxylate vibration is therefore expected 

at positions lower than seen in the ligands. This lowering in 

frequency can be attributed to steric hindrance due to the 

bulky nature of the ligand [18, 19]. 

3.7. FTIR Spectra of Metal Myristates 

Just like in acetic acid, the υ(COO
-
) stretching band of the 

myristic acid shifts to lower wave number due to coordination, 

to 1695 cm
-1

 and 1468 cm
-1
 in sodium myristate, corresponding 

to asymmetric and symmetric stretching vibrations of υ(COO). 

This shift is an indication that coordination occurs via the 

carbonyl oxygen atom of the carboxylate anion in the process of 

complex formation as well as the lowering of the COO bond 

character upon complex formation. The band assigned to (O – 

H) stretch is absent in the spectra of sodium myristate. This 

indicates deprotonation and coordination and also that the 

complexes are anhydrous. Methylene rocking bands appear at 

715 cm
-1
 in sodium. This is a consequence of inter chain 

vibrational coupling. The presence of COO- group reduces 

symmetry of the carboxylate chain compared to that of an 

alkane hence allowing more IR modes [20]. 

From the IR spectra of the metal carboxylates it is 

observed that, ∆υ (υasym – υsym) is dictated mainly by the 

nature of the ion bound to the carboxylate. The same pattern 

was observed for the myristates being 130 cm
-1

 respectively 

for sodium. Apparently as the ionic character of the C-O 

bond increases, ∆υ values increase. Therefore, apart from 

depicting the type of coordination of the metal carboxylate 

group in metal carboxylates, the magnitude of ∆υ also 

indicates the electropositive character of the metal atom 

involved in the O –M bond [21, 22]. 

3.8. Determination of Bonding Modes of Sodium 

Carboxylates 

By evaluating the magnitude of separation (∆υ) between 

the asymmetric and the symmetric stretching vibration of the 



 Science Journal of Chemistry 2021; 9(5): 113-120 117 

 

carbonyl functional group, the bonding modes of the 

synthesized carboxylates were deduced as shown in table 6. 

Table 6. Bonding Modes of the Synthesized Carboxylates. 

Metal Carboxylate ∆(COO-)(cm-1) Bonding mode 

Sodium Acetate 231 Monodentate 

Sodium myristate 227 Monodentate 

∆υCOO- = υasymmetric COO absorption – υsymmetric COO absorption 

By substituting the acid proton with a Sodium ion (Na
+
), 

sodium carboxylates are formed, thus according to their 

chemical structure, the carboxyl group acts as a bidentate 

ligand either in a chelating or bridging mode. The difference 

in the magnitude of separation between the asymmetric and 

symmetric stretches of prepared the sodium carboxylates and 

their respective bonding modes are shown in table 6. The 

∆υ(COO) values for the sodium carboxylates include, 231 

cm
-1

 for Sodium acetate and 227 cm
-1

 for Sodium myristate, 

[23]. Na–O bonds have a highly ionic character which 

explains the large value for the ∆υ corresponding to ionic 

coordination [24, 25]. 

For monodentate coordination, a divergence of υasym(COO) 

and υsym(COO) compared with the free ion is expected due to 

the decrease in the equivalence of the C–O bonds. [26] 

According to Nelson and co-workers [21], for chelating 

bidentate coordination, ∆υ =100 cm
-1

 or less, for bridging 

bidentate coordination, ∆υ =100 -150 cm
-1

, for ionic 

coordination, ∆υ =200 cm
-1

 or more. This high value results 

from the fact that ionic coordination removes the equivalence 

of the C–O bond resulting in a higher value for υasym (COO) 

and a lower value for υsym (COO) hence ∆υ will be much 

greater than or equal to 200 cm
-1

. 

From the ∆υ values of the synthesized sodium 

carboxylates, their coordination modes are monodentate for 

sodium acetate and sodium myristate. A relatively high value 

of ∆υCOO
-
 in the sodium carboxylate spectra could be taken 

as an indication of the slightly stronger metal- oxygen 

bonding in rare earth carboxylates, [19, 27, 28]. In the 

chelating mode, the metal ion is centered between the two 

oxygen atoms of the carboxylate group and is attracted to 

both oxygen atoms. In the bridging mode however, each 

carboxylate oxygen atom coordinates to one metal ion [29]. 

The structures of the synthesized sodium carboxylates as 

deduced from their FTIR spectra is as proposed in Figure 1. 

 

Figure 1. Structures of synthesized sodium carboxylates showing their 

bonding modes. 

 

(a) 

 

(b) 
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(c) 

 

(d) 

Figure 2. The FTIR spectra of (a) acetic acid and (b) sodium acetate (c) Myristic acid and (d) sodium myristate. 

 

Figure 3. The Uv-Visible spectra of (a) acetic acid and (b) sodium acetate (c) Myristic acid and (d) sodium myristate. 
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The bonding of these metal carboxylates can also be 

confirmed using difference in electronegativities of two 

bonded atoms. This provides a rough measure of the 

polarity to be expected in the bond and the bond type. For 

instance, non polar compounds are formed between atoms 

that have an electronegativity difference near zero, polar 

covalent compounds are formed between atoms with 

electronegativity difference of 0.4 -1.8 while for ionic 

compounds, the electronegativity difference greater than 

1.8. The Na
+
 O

-
 bond is ionic and bi-polar with 

electronegative difference of 2.8. Electronegativity of 

elements is a tool for rationalizing bond energies, the types 

of reactions that substances undergo and the prediction of 

bond polarities. Highly electronegative atoms have a 

stronger tendency to acquire atoms hence the stronger the 

bonds it can form with a ligand [30]. 

3.9. Atomic Absorption Spectral Data 

The atomic absorption spectrum which was used for 

determination of elemental content of the prepared metal 

carboxylates is given in table 7. 

Table 7. Elemental Content (AAS). 

S/No Complex Metal Conc.(g/kg) 

1. Sodium acetate Sodium 14.88 

4. Sodium myristate Sodium 0.7912 

3.10. Ultra violet – Visible Spectrophotometry and 

Electronic Spectra of Prepared Metal Carboxylates 

The results of the UV – visible spectroscopy revealed the 

absorptions due to the COO- chromophore. The maximum 

wavelength (λmax) and absorbance observed for the prepared 

metal carboxylates are given in the table 8. 

Table 8. Results of UV-visible Spectrophotometry. 

Compound λmax (nm) Absorbance 

Sodium acetate 201.00 4.435 

Sodium myristate 195.00 10.00 

The electronic spectra of the ligands and their complexes 

were recorded in absolute ethanol for dibutyltin acetate and 

dibutyltin myristate and distilled water for sodium acetate 

and sodium myristate. The bands observed were assigned to 

n – (anti bonding) transitions according to their energies and 

intensities. It was observed that the electronic spectra of these 

complexes exhibit intense bands in the range of 183 – 230 

nm which is due to the forbidden n – π transitions of the 

(COO) chromophore [30]. 

4. Conclusion 

This research was aimed at synthesis and characterization 

of sodium carboxylates of acetic acid and myristic acid. The 

findings showed that there was elemental abundance of the 

sodium metals in the carboxylate complex. Also, there was 

resonance between the metal center and C=O as observed in 

the lowering of the ʋCOO- absorption due to π – electron 

delocalization. Monodentate and bidentate bonding was 

observed for sodium acetate complex and sodium myristate 

complex, respectively.  

5. Recommendations 

From this research we recommend the following, 

1. The use of other techniques such as Raman spectroscopy 

and X- ray crystallography would verify and provide 

more information on the geometry of the carboxylates. 

2. Principal component analysis can also be used as a tool 

in detecting the presence or lack of true band frequency 

shifts to explain spectra changes under temperature and 

concentration changes for carboxylates where O–H 

stretching and C = O stretching vibrations representing 

hydrogen bonding and dipole – dipole interactions are 

predominant. 
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