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Abstract 
 
The synthesis and the study of the complexes obtained in this paper represent the beginning of our research for applied coordinative 
compounds of this type in agriculture. The analysis and the study of Mn(II) complexes with DL-β-Aminoisobutyric acid as ligand 
were accomplished in aqueous and alcoholic solution and also in solid state.The composition ratios and the stability of the 
synthesised compounds were analysed with specific methods: conductance, pH measurements, spectrophotometry and 
thermogravimetry. There were obtained two complexes, at the metal:ligand molar ratio 1:1 and 1:2. In order to determine the 
structures of the new compounds, the following methods were applied: chemical analysis, IR, UV-VIS and XRD spectroscopy. 
The [MnLCl]2·2/5H2O and [MnL2]·1/2H2O presented a triclinic and respectively, monoclinic crystalline structure. From the 
thermal decomposition data, the kinetic parameters of the studied compounds were calculated observing that both new complex 
compounds have a higher thermal stability than the ligand. The experimental data confirmed that ligand DL-β-Aminoisobutyric 
acid presented a bi-dentate behavior towards Mn(II) ions in solution. 
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1. Introduction 

 
The interest for amino acids is very well known 

from different fields of research presenting a lot of 
application areas as: food industries for their 
bacteriostatic and antioxidant properties, 
enhancement of aliment flavours (alanine, arginine, 
aspartate); as supplement feed in livestock breeding in 
order to increase nutritional value; in agriculture for 
growth and plants protection (Wang et al., 2016). In 
the last decade, this class of compounds is extensively 
used in pharmaceutical industries for many organ 
dysfunction treatment (Hwang et al., 1997; Marcucci 
et al., 2010) and more recent in textile industry as new 

∗Author to whom all correspondence should be addressed: e-mail: cmita@uaic.ro; Phone: +40-232-201288; Fax: +40-232-201313,  
e-mail: mvizitiu@ch.tuiasi.ro; Phone: +40746225713; Fax: +40-232-2721311 
 

compounds for ecological leather tanning (Crudu, 
2008; Crudu et al., 2009).  

The aminobutyric acids are safe enough to use 
in food industry inducing resistance against a broad 
organisms as: bacteria (Cohen, 1994; Cohen et al., 
1994; Cohen, 2000), viruses (Cohen, 2002; Cohen et 
al., 2011), fungi (Tamm et al., 2011), nematode and 
aphids and reduce plant diseases from tomatoes 
(Cohen et al., 1994), potatoes, cucumbers (Sahebani et 
al., 2011), grapevines (Barillia et al., 2012; Cohen et 
al., 1999). The aminobutyric acids are known to 
induce resistance to microbial pathogens, nematodes 
and insects in several host plant/pest systems (Tiwari 
et al., 2013), improving early growth (Li et al., 2016) 
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and protection from salts stress injury by improving 
photosynthesis processes (Wang et al., 2017). Also, it 
play an important role in degradation and 
interorganellar transport of lipids in plant 
(Mitrofanova et al., 2018) or animal cells (Kammoun 
et al., 2014, Molfino et al., 2017) acting as O2

- , H2O2 
and HO.scavenger (Signorelli et al., 2015 ).  

Regarding the main interest for amino acids 
used in various fields of research, mentioned above, 
we selected DL-β-aminoisobutyric acid (BAIBA). 
Our intention was to test the behavior of this acid 
along with its new coordination compounds with 
Mn(II) chloride compared to DL-β-Amino-n-butyric 
acid (BABA) found in literature as an important 
biological reagent against soybean aphid, for example 
Aphis glycines increasing the activity of some defense 
enzymes (Yunpeng et al., 2014). Supplemental Mn(II) 
reduce uptake of some heavy metal cations (Cd, Cu, 
Pb) from soil (Iordache et al., 2016) and their toxic 
effects (Cd, Pb) on plant physiology (Rahman et al., 
2016; Secu, 2016). We have chosen Mn(II) for 
coordination with the BAIBA as ligand, due to its 3d5 

electronic configuration (Chandra et al., 2005; Tutulea 
et al., 2011) with high tendency of accomplishing 
coordinative bonds, especially with oxygen and 
nitrogen donor-ligands (Crudu et al., 2009; Gerey et 
al., 2016; Mei et al., 2017) and greater their 
antibacterial activity (Kim and Park, 2017; Maurya et 
al., 2016). 

This research represents a preliminary stage for 
studying the effects of different concentrations of 
BAIBA treatment on the growth of soybean seedlings 
compared to the biological activity of the new 
synthesized compounds.  

 
2. Experimental 

 
All the reagents used were of analytical grade, 

Fluka, 99% - 99.9% purity. The concentrations of the 
solutions in double distilled water were 10-2 M for 
MnCl2∙6H2O and DL-β-aminoisobutyric acid 
(BAIBA), respectively. The Mn(II): BAIBA molar 
ratios were determined in aqueous solution by pH-
metric and conductometric methods at room 
temperature and the values of stability constants were 
calculated using the Harvey-Manning method (Foca et 
al., 2006; Sibiescu, 2012). 

The compounds were synthesized in aqueous 
medium by mixing the isomolar10-2 M solutions in 
molar ratio of 1:1 and 1:2. Then the solutions were 
submitted to a refluxing process for three hours at 
30oCtemperature. The solid compounds were obtained 
by the solvent evaporation at room temperature. The 
recrystallization process of complexes was applied 
both in aqueous and 80% ethylic alcohol solutions at 
low (8oC) temperature (Spătărescu et al., 2010). The 
final products are presented as slightly pink 
microcrystalline powders, very soluble in water and 
alcohol. Chemical elemental analysis was performed 
on Thermo Fisher Scientific Flash EA-10 1112 
CHNS/O equipment provided with Eager 300 
software. Chemical elemental analysis was 

accomplished for the synthesized complex 
compounds, in order to determine the content of 
carbon, hydrogen, nitrogen and manganese and to 
compare the results with the theoretical one. 

The IR absorption spectra of crystalline 
complexes were recorded in 4000–200 cm-1 domain, 
using a Jasco FTIR 660 Plus Spectrometer, in order to 
determine changes of specific chemical bonds 
frequencies of ligand induced by the presence of 
manganese (II) cations. The UV-VIS absorption 
spectra of aqueous solution samples and study of 
substitution of manganese ions in solution were 
performed spectrophotometrically with CAMSPEC 
501M single beam spectrophotometer (equipped with 
kinetic motorization software) using 5∙10-2 M and 10-

3 M solution of BAIBA (HL), [MnLCl]2, [MnL2], 
FeSO4·7H2O, Co(NO3)2·6H2O and Cd(NO3)2, at ionic 
strength, I=5∙10-2 M (NaCl), pH = 6.7 (HCl - NaOH 
balance), at 25 ±0.2 oC solution temperature (HAAKE 
thermo-stating system), in 0.2 and 0.5 cm quartz cell, 
in the 190 – 800 nm range at specific wavelength of 
every system (Fe(II)-301 nm, Co(II)-293 nm and 
Cd(II)-217 nm). Each set of kinetic determination run 
was repeated at least twice.  

XRD patterns were recorded in the 10 - 90 
degree 2Theta range on a PanalyticalX’Pert Pro 
diffractometer,  provided with a Cu Kα radiation (k = 
1.5418740 Å), Step size: 0.0131303, 45 kV – 40 mA. 
Unit cell parameters of the investigated complexes 
were further refined with PanalyticalX’Pert High 
Score Plus and Celref software.  

The thermogravimetric study was conducted 
using a Mettler Toledo SDTA 851ederivatograph. 
Thermogravimetric curves (TG) and derivative 
thermogravimetric curves (DTG) were recorded in the 
nitrogen atmosphere, in the temperature range 25-
700°C, at 10°C/min heating rate. The sample 
subjected to analysis weighted between 3 and 5 mg. 
The data used to obtain the main thermogravimetric 
and kinetic characteristics were processed with STAR 
software, using the “Kinetics nth order” module from 
Mettler Toledo. 

 
3. Results and discussion 

 
3.1. Combination molar ratio and stability constants 

 
From the conductivity and pH versus molar 

ratio L/M graphs, (Figs.1a and 1b) it is observed, for 
each experiment, a curve that changes the slope in the 
points corresponding to the 1:1 and 2:1 for DL-β-
aminoisobutyric acid / Mn2+ ratio values, indicating 
that two complex compounds are formed in solution. 
The stability constants values of the two compounds 
areβ1=2.617∙10 6 L∙M-1 and β2=1.728∙1012 L2∙M-2. The 
highest stability is presented by the complex with 
maximum combination ratio, L/Mn=1/2 at pH= 3.7. 

 
3.2. Chemical-elemental analysis 

 
The experimental and theoretical results are 

presented in Table 1. 
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(a) (b) 

 
Fig. 1. The conductivity (a) and pH (b) values of Mn(II)aq - BAIBAaq solutions at different L/M molar ratio 

 
Table 1. Content of carbon, hydrogen, nitrogen, oxygen, chlorine and manganese for the obtained complex compounds 

 

Comp. C% H% N% O% Cl% Mn% 
Exp. Calc. Exp. Calc. Exp. Cal. Exp. Calc. Exp. Calc. Exp. Calc. 

L:M 
1:1 24.111 24.462 4.812 4.280 7.010 7.134 117.471 17.939 18.131 18.091 28.421 28.029 

L:M 
2:1 35.411 35.788 6.109 6.337 10.191 10.438 26.141 26.841 - - 20.101 20.504 

 

 
 

Fig. 2. IR spectra of HL, [MnLCl]2·2/5H2O (MnL) and [MnL2]·1/2H2O (MnL2) crystallized from water and ethylic alcohol and 
inset IR spectra of [MnL] and [MnL2] in 400-250 cm-1 range 

 
The experimental data were in accordance with 

calculated values with errors included 0.3-0.69 %. 
From the L:Mn(II) molar ratio and elemental chemical 
analysis of the obtained compounds, resulted the (1) 
and (2) chemical preparing reactions, in solution: 
 
HL+ MnCl2 → [MnLCl]+ + Cl- + HCl          (1) 
 
2HL+ MnCl2 → [MnL2] + 2HCl           (2) 

 
The process was followed by the separation of 

[MnLCl]2∙2/5H2O (ML) and [MnL2]∙1/2H2O (ML2) 
crystallized complexes. 

3.3. FTIR spectra 
 
The FTIR spectra of solid HL and Mn(II)-L 

coordinative compounds are shown in Fig. 2. The 
significant IR frequency bands values of the 
complexes [ML] and [ML2] do not depend on the 
obtaining method. Among the various vibrational 
modes of the BAIBA, the study of the NH2 and COOH 
group vibrations are useful for establishment of the 
mode of coordination of amino acid ligand toward to 
manganese cation. The IR spectra of BAIBA shown a 
broad band centred at 3370 cm-1 assignable to ν(OH) 
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vibration of carboxylic group and two other bands at 
3046 cm-1`and 2969 cm-1 due to the symmetric (νs) and 
asymmetric (νas) vibration modes of NH2 group. 
Lower value of ν(OH) can be explained by the 
involving of O-H group in a hydrogen bond. The 
ν(C=O) and ν(C-O) vibration modes of carboxylic 
group are observed at 1628 cm-1 and, respectively, 
1418 cm-1. In [ML] and [ML2] complexes the ν(OH) 
and vibration band is shifted to higher frequency 
(3433 cm-1 and 3439 cm-1) and overlap with (NH) 
modes. These can be related with the coordinated or 
lattice water molecules. Also, the bands observed at 
3146, 3083 (for [ML]), 3213 and 3131 cm-1 (for 
[ML2]), assigned to ν(NH) vibration modes, have 
higher values compared to uncoordinated ligand.  

The disappearance of ν(OH) carboxylate and 
shift of ν(NH) modes clearly suggest the 
deprotonization of –COOH and involving of –COO- 
and –NH2 groups in the coordination process. These 
are confirmed by the shifting of ν(C=O) vibration 
mode to lower wave numbers from 1628 cm-1 (for HL) 
to 1607 cm-1 ([ML]) and 1605 cm-1 ([ML2]), until ν(C-
O) vibration mode values are very close (1421 cm-1 
and 1417 cm-1) to the free HL. The ∆ν(COO-) values 
for ligand and complexes are 210, 190 and 185 cm-1, 
fact that suggest a mono-dentate interaction of -C-O- 
carboxylate group with Mn(II) ion and involvement of 
sp2 oxygen atom (-C=O) of the same group in a 
bridged bond with manganese cation of neighbouring 
complex molecule (Nakamoto, 1997). The 
phenomenon is more evident for ML2. In the 700 – 400 
cm-1 domain, the IR spectra show new bands assigned 
to ν(Mn-N) and ν(Mn-O), respectively: 599, 442 cm-1 
([ML]) and 596, 430 cm-1 ([ML2]). The electronic and 
thermal analyses suggest a possible Mn-Cl bond in 
[ML]). Literature data located ν(Mn-Cl) vibration 
mode from [MnL4Cl2] coordinative compounds below 
300 cm-1 (Nakamoto, 1997; Boucher et al., 2013). The 
IR spectra of [ML] show a new bands at 283 and 263 
cm-1 which may be ascribed to ν(Mn-Cl) stretching 
vibrations.  

 
3.4. Electronic spectra 

 
The electronic spectrum of HL (Fig. 3) exhibits 

an asymmetric absorption band which is centered 
below 190 nm. The Gaussian deconvolution of 
BAIBA spectrum, revealed three absorption bands at 
199, 209 and 212 nm assigned to π-π* (50251 cm-1), 
nO-π*(47846 cm-1), and nN-π*(47170 cm-1), 
respectively. 

The spectra of aqueous solution of [ML] and 
[ML2] complexes are similar, with an intense and 
asymmetric absorption band in 190-250 nm range and 
a number of weak bands in visible domain, more 
evident for [ML2] compound, assigned to d-d 
transition of Mn(II)-d5. After the deconvolution of 
spectra, the bands of coordinated ligand shifted to the 
lower energy values in case of [ML2] due to electronic 
effect determined by the second L- ion from 
coordination sphere of manganese cation: 191 nm 

(52356 cm-1), 197 nm (50761 cm-1), 204 nm (49019 
cm-1) for [ML] and 197 nm (50761 cm-1), 212 nm 
(47170 cm-1), 217 nm (46083 cm-1) for [ML2]. 

 

 
 

Fig. 3. Electronic spectra of HL, [MnL] and [MnL2] in 
aqueous solution: CHL= Ccompl = 10-3M, l=0.2 cm 

 
Additional bands assigned to ligand – metal 

charge transfer, LMCT, overlapped with ligand 
absorption bands, centred at 220 nm (45454 cm-1, 
[ML]) and 283 nm (35336 cm-1, [ML2]), respectively, 
were identified. The [ML2] complex displays the d-d 
absorption bands at 462 nm (21645 cm-1) and 343 nm 
(29154 cm-1) attributed to 6A1g - 4T1g(G) and 6A1g - 
4T2g(G) forbidden electronic transitions which are 
characteristic for octahedral Mn(II)-high spin 
coordinative compound (Boucher, 2013; Mei et al., 
2017).  

 
3.5. Substitution reactions of Mn(II) in aqueous 
solution 

 
Mixing 1 mL 5∙10-2 M [MnLCl]2·2/5H2O 

complex solution and [MnL2]·1/2H2O, respectively, 
with 1 mL solution 10-3 M Fe2+

aq, Co2+
aq and Cd2+

aq 
respectively, the substitution of Mn2+ ions from 
complexes takes place. The monitored absorbance, at 
specific wavelengths, change in time for each reaction 
systems (Astilean, 2002). In Fig. 4 is presented the 
concentration traces of [FeL]+

aq, [CoL]+
aq and [CdL]+

aq 
in time for all studied systems. The formation of [ML] 
species and the movement of equilibrium to the direct 
reactions 1 is presented below (Eqs. 3, 4):  

 
[MnLCL]aq + M2+

aq → Mn2+
aq +[ML]+

aq + Cl-     
  (3)  
 
[MnL2]aq + M2+

aq → [MnL]+
aq + [ML]+

aq           
                                                                                 (4) 

It is evidenced by the evolution of [ML] 
concentration complexes determined at the 
wavelengths corresponding to the coordination 
compounds of L (BAIBA) with M2+ from mixed 
solutions. The most pronounced increase of 
concentration is recorded for [MnL] – Fe2+ and 
[MnL2] – Fe2+ systems. 

k 

k 
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(a) (b) 

 
Fig. 4. Concentration evolution of new [ML] (M= Fe, Co and Cd) complexes during the Mn(II) substitution from [MnL]aq (a) 

and [MnL2]aq (b) in aqueous solution at pH=6.7, T= 298 K and scan time of every 20 s 
 

Table 2. Values of observable rate constant, kobs, for n=1 and n=2 kinetic models, for the reversible first step  
of reactions (1) and (2) 

 
Reaction system n=1 n=2 

Complex Metal cation kobs, 
s-1 r kobs 

mol·L-1 r 

[MnL] 
Fe2+ 1.250·10-2 0.9927 8.630·10-2 0.8433 
Co2+ 3.777·10-3 0.9928 1.116·10-2 0.8802 
Cd2+ 8.597·10-4 0.9989 8.093·10-3 0.9339 

[MnL2] 
Fe2+ 6.556·10-3 0.9836 7.039·10-3 0.861 
Co2+ 4.993·10-4 0.9855 5.539·10-2 0.9066 
Cd2+ 6.469·10-4 0.9927 1.063·10-2 0.9090 

r- correlation coefficient 
 

Based on the obtained data, the rate constants 
were calculated (Table 2) for the determining step of 
reaction rate (the slowest step). The observable rate 
constants, kobs, were determined graphically by 
applying the pseudo-first and second order kinetic 
models (Eqs. 5, 6) (Bugarcic et al, 2015; Topolski et 
al., 2017). 
 
n=1 
ln(Ct – Co) = ln(Co) – kobs⋅t                                          (5) 
 
n=2 
1/(Ct – Co) = 1/Co + kobs⋅t                                         (6) 

 
The correlation coefficients presented in Table 

2 show the higher values for first order rate constant 
(n=1) which correspond to a linear dependence of 
ligands interchange (BAIBA – H2O). The comparison 
of the first order rate constants k1 of all reaction 
systems shows that the compatibility between Lewis 
hardness of M2+ and O-, N-donor ligand plays an 
important role, more evident in case of [MnL] – Co2+ 
system (k1 = 3.777·10-3 s-1). Also, the presence of 
supplementary Cl- ions (Eq. 3) has a direct 
consequence on the increasing of products solvation 
process and of kobs values, respectively. 

Extension of Mn2+ coordination sphere in 
[MnL2] increases the influence of elemental solvation 
process of the reactants and reaction intermediates. In 

this case, the proton donor species can interfere in 
elementary first step of mechanism, favouring a 
certain type of movement – associative (nucleophile 
substitution SN2 by A–associative or Ia– associative 
interchange mechanism) or dissociative (nucleophile 
substitution SN1 by D – dissociative or Id– dissociative 
interchange mechanism). In hydrogen bond formation 
the water molecules, supplementary polarized by 
coordination at M2+cations, participate with higher 
probability. The rate of proton transfer depends on 
electronegativity and polarizability of metal cation. 
This stage could be the determining rate step which 
corresponds of Id mechanism. The cumulative 
influence of all mentioned factors can explain the kobs 
lower values for [ML2] – M2+ systems and the small 
difference between them.  

 
3.5. X-ray diffraction analysis  

 
The possible crystal structures of 

[MnLCl]2∙2/5H2O and [MnL2]∙1/2H2O complexes 
have been determined on the X-ray powder diffraction 
analysis. The X-ray data were refined with Celref 
program at maximum deviation of 2θ=0.070 and h, k, 
l Miller indices were assigned (Fig. 5).  

The final results show that [MnLCl]2∙2/5H2O 
belongs to triclinic crystal system (P(-1) space group) 
with unit cell parameters: a=5.4286 Å, b=7.2745 Å, 
c=15.0061 Å, α=50.43(4)0, β=97.95(3)0, γ=87.54(2)0 
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and V=445,707 Å3 (Giacovazzo et al., 2008; 
Vainstein, 1989). 

The [MnL2]∙1/2H2O solid compound 
crystallized in monoclinic system, C2/c space group 
with a=22.3911 Å, b=13.6913 Å, c=19.6709 Å, 
β=114.54(4)0 and V=5489.446 Å3. 
 
3.7. Thermal-gravimetric analysis and the kinetics of 
the decomposition reactions 

 
Studying the TG curves for both ligand and 

complexes (Fig. 6) reveals that the thermal destruction 
takes place in four steps with the emission of gaseous 
compounds resulted from the organic part of the 
ligand. The final solid products of the thermal 
decomposition corresponds to MnO and some carbon  

 

compounds residue (Freeman and Caroll, 1958; Segal 
and Fatu, 1983). Also, it is observed that the thermal 
stability of the compounds increases in order: HL < 
MnL2<MnL as it is shown in the Fig. 6 and Table 3. 
The transport phenomena of the gaseous products 
through the solid compound, the interphase 
interactions and also the vaporization of the volatile 
products are related to the fraction reaction order 
values. The reaction order value increases with the 
dispersion degree of the resulted products (Table 4). 

 
3.8. The proposed structure of the new synthesized 
complex compounds  

 
Based on the above observation we proposed 

the possible structures of Mn(II) –BAIBA complexes, 
in aqueous solutions and solid state (Fig. 7). 

 

 
Fig. 5. Diffractograms of [MnLCl]2∙2/5H2O and [MnL2]∙1/2H2O 

 

 
 

Fig. 6. The DTG curves of the ligand and the synthesized compounds 
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Table 3. Thermal characteristics of the degradation process of the ligand and synthesized manganese complexes 

 

Sample Step Tonset, 
°C 

Tpeak, 
°C 

Tendset, 
°C 

Weight loss, 
% Residue, % 

HL 

I 47.8 50 62.5 2.67 

0 II 84.4 92.1 102.1 15.67 
III 198.7 229.2 259.2 53.28 
IV 314.7 327.1 352.1 28.31 

 [MnLCl]2·2/5H2O 

I 115.4 123.0 129.9 0.94 

57.18 II 154.1 162.3 175.8 0.80 
III 270.8 283.0 300.2 15.78 
IV 328.9 381.4 395.7 25.30 

 [MnL2]·1/2H2O 
 

I 81.6 89.2 109.0 0.96 

38.66 II 143.7 160.2 189.2 2.42 
III 240.0 253.7 292.0 37.81 
IV 330.2 358.7 372.2 20.15 

 
Table 4. The kinetic parameters (activation energy, Ea;reaction order, n; pre-exponential factor, lnk0) of the decomposition 

reactions of the ligand and the synthesized Mn(II) complexes 
 

Sample Step Ea, 
kJ/mol n lnk0 

HL 

I 137.63±2.77 0.82 46.69±1.03 
II 111.14±0.53 0.50 32.39±0.18 
III 157.82±0.47 1.56 33.31±0.12 
IV 288.59±3.53 0.95 53.69±0.71 

 [MnLCl]2·2/5H2O 

I 129.10±8.48 0.47 35.18±2.61 
II 132.50±11.00 0.59 32.34±3.06 
III 270.70±13.97 1.04 54.68±3.06 
IV 111.05±2.48 0.90 13.17±2.68 

 [MnL2]·1/2H2O 

I 133.78±18.18 0.74 40.45±6.06 
II 148.54±7.63 0.62 37.60±2.18 
III 282.03±11.81 1.34 60.69±2.76 
IV 111.90±6.22 0.14 16.44±1.20 

 

 
(a) 

 
(b) 

 
Fig. 7. Proposed structure of [ML] and [ML2] coordination units in aqueous solution (a) and solid state (b) 
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4. Conclusions 

 
We have synthesized two new complexes of 

Mn (II) with DL-β-Aminoisobutyric acid in 1:1 and 
1:2 molar ratio in aqueous solution. They were 
characterized by physical-chemical methods in order 
to determine their structures and properties: pH-metry, 
conductometry, chemical analysis, IR-absorption 
spectra, XRD and the thermal analysis. Both 1:1 and 
1:2 molar ratio compounds are slightly pink crystalline 
solids.  

Thermal decomposition begins at 100oC for 
both complexes and at above 50oC for the ligand, 
showing the increased thermal stability of the 
coordinative compounds due to the coordination 
process.  

The experimental data were in agreement with 
the literature indications and we proposed the 
structures of the new complex compounds with 
Mn(II), revealing the bi-dentate properties of the 
ligand. 

In further studies, this research will be 
continued for testing the biological properties of the 
ligand BAIBA and its coordinative compounds in 
agriculture.  
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