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CHAPTER IV

SIMPLE SALTS OF NAPHTHOIC ACIDS WITH
AMINOGUANIDINE /GUANIDINE: PREPARATION AND THEIR
THERMAL CHARACTERIZATION

4.1. INTRODUCTION

Aminoguanidine (AMG) is a hydrazine derivative of bifunctional group, it is
expected that the salts made from aminoguanidine will be similar to the hydrazine moiety.
The increased thermal and chemical reactivity of aminoguanidine is due to its nitrogen
component and asymmetric bifunctional structure. In the solid state, aminoguanidine
occurs as a mono (+1) or di (+2) cation, but it is unstable in the free state. In addition non-
hydrogen atoms remain in the sp? hybridized state, and the extreme nitrogen atom takes

part in the sp® hybridized state in the solid form '2°.

Guanidine (GUA) is an organic compound with the formula HNC(NH2)2. It is
present as guanidinium ion and it is the strongest organic base. It contains at least one CN3
moiety with a dissociation behavior of n- electrons. The high basicity of guanidines is due

to the resonance stabilization of delocalized 7- electrons in CN3 moiety *.

Naphthoic acid is an organic molecules having a double-fused benzene rings and
have a functional group of -COOH. Hydroxy naphthoic acid shows a very good bidentate
ligand and coordinates by carboxylate and hydroxyl oxygen °. The study of the interaction
between aminoguanidine, and guanidine with 1-naphthoic acid, and 2-naphthoic acid, and

their IR and thermal characterization are presented in this chapter.
4.2 PREPARATION OF SALTS

The salts were prepared by mixing the solutions of respective acid and base in

40 mL of water-alcohol mixture at appropriate ratios (1:1, 1:2, and 2:1), as shown in Table 4.1.
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Table 4.1 Preparation of aminoguanidinium and guanidinium salts.

Molar ratio
Acid: Base pH Chemical composition
(acid: base)

1-naphthoic acid:
aminoguanidine 1:1 7 E(lcgg\g))}{](CWHﬁ
(0.172g:0.136g)
1-naphthoic acid:
aminoguanidine 1:2 8 E(lcgg\é“))}z]{ (C1oH7)
(0.172g:0.272g)
1-naphthoic acid:
aminoguanidine 2:1 7 [(CHsN4) {(CioH7)

(1-CO0)}2]
(0.344g:0.136g)
1-naphthoic acid: 11 7 [(CHaN3){(CioH7)
guanidine (0.172g:0.090g) ' (1-CO0)}]
1-naphthoic acid: 1 g [(CH4N3)2{(C10H7)
guanidine (0.172g:0.180 g) ) (1-CO0)}]
1-naphthoic acid: 91 7 [(CHaN3){(C10H7)
Guanidine (0.344g:0.090g) ' (1-CO0)}2]
2-naphthoic acid: 1:1 7 [(CHsN4){(CioH7)
aminoguanidine (0.172g:0.136g) ' (2-CO0)}]
2-naphthoic acid: 12 2 [(CHsNa4)2{(C10H7)
aminoguanidine(0.172g:0.272g) ’ (2-CO0)}]
2-naphthoic acid: 71 7 [(CHsN4){(Ci0H7)
aminoguanidine(0.344g:0.136g) ' (2-CO0)}2]
2-naphthoic acid: 12 3 [(CH4N3) 2{(Ci0H7)
guanidine (0.172g:0.180 g) ' (2-CO0)}]
2-naphthoic acid: 21 7 [(CH4N3) {(Ci0H7)
guanidine (0.344g:0.090g) ' (2-CO0)} 2]

By preparing the above salts by test method crystalline adduct were found to form

in the molar ratios which are indicated in Table 4.2.
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Table 4.2 Preparation of guanidinium salt with 2-naphthoic acid.

Acid: Base Mol.ar pH Chemical composition
ratio
2-naphthoic acid: Guanidine
1:1 7 [(CH4N3) {(Ci10H7)(2-COO)} ]
(0.172g:0.090g)

A homogenous clear solution thus obtained was kept undisturbed for 15 days at
room temperature. A product found as shiny colourless crystals obtained from the mother
liquid it was drained, and washed with alcohol, diethyl ether, then kept in anhydrous
calcium chloride in a desiccator for dried. The crystal structure and its related

characterization were discussed in Chapter 5.
4.3 RESULT AND DISCUSSION
4.3.1 Analytical Data

The analytical data for the proposed salts with molecular formulae which was

illustrated in Table 4.3.
4.3.2 FT-IR spectral data

In Table 4.3, the important IR band for the salts is listed, and Figures 4.1(a-f)-

4.2(a-f) represent the IR spectra of corresponding salts.

The spectral data of all aminoguanidium/ guanidium naphthoate exhibit broadband
around 3034-3321 cm™ due to the presence of a -OH molecule. The presence of N-N
frequency was confirmed by the presence of a peak around 1098-1381 cm™.
The carboxylate ions region around 1350-1430 cm™ and 1501-1572 cm™!. The absorption
peak occur from 1085-1381 cm™ is due to N-N stretching frequency of aminoguanidine for
guanidine it occurs at 648-776 cm’'. The presence of peaks at 3034-3321, 1018-1068,
1475-1518, and 1098-1351 cm™! is evidence for the formation of salts where these peaks

are absent in the IR spectra of pure acid 2.
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Table 4.3 Element Analysis and IR Spectra.

Analytics data IR data
) . A Vsym
(caled.) (caled.) (caled.) (caled.) cm cm

[(CHSI\(If()){(g?}Ii)Hﬁ(I' 244.10 162 (23:8(1)) (j:gi) é;:g‘s‘) (gzg) 3034 | 1668 | 1529 | 3372 | 1098
[(CHSI\é‘gggl]OHﬂ(l' 31816 | 150 (33:82) (;Zg) égfg) (77"190) 3175 | 1670 | 1540 | 3343 | 1085
[(CHSI(\%E)(%;HW' 414.13 17 (ggigg) (322) (32?) (11:'190) 3114 | 1668 | 1519 | 3659 | 1212
[(CH‘*I\(I;()){(S?}?Hﬁ(I' 229.03 121 (2322) (j: Sg) (i S;i) (i ig) 3046 | 1650 | 1511 | 3363 | 776
[(CH“I\gz;ggl]OHﬂ(l' 28831 10 (2321?) (géz) ég: 1(5)) (1109'190) 3074 | 1669 | 1519 | 3322 | 648
[(CH4218§§;3H7)(1- 39940 | 160 (gg:g) (fég) (1822?) (3:2) 3036 | 1659 | 1511 | 3344 | 767
[(CHSI\(If()){(g?}Ii)Hﬁ(z' 24425 152 (23:8 (1)) (j:gi) é;:g; (i i:g) 3134 | 1649 | 1510 | 3352 | 1331
[(CHSI\é‘gggl]OHﬂ(z' 31836 159 (33:82) (;Zg) égfg) (i ii) 3193 | 1618 | 1559 | 3372 | 1381
[(CHSI(\:IggggHﬁ(z' 41441 162 (22:2) (322) (gi) (182451) 3242 | 1638 | 1529 | 3421 | 1351
[(CH“Né)&{)()C}iOHﬁ(Z' 288,31 159 éiig) (gzgg) ég:i i) (322) 3322 | 1638 | 1480 | 3876 | 628
[(CHA é()gjlz‘iH”(z' 286.29 12 éjé;‘) (j:gg) ég:;g) (gzg) 3321 | 1622 | 1475 | 3855 | 668

33




4.3.3 Uv-visible spectra and band gap energy

The spectral data for the ligand were recorded in the visible region from 200-800
nm at room temperature and it was illustrated in Figure 4.3(a-l). All the ligand shows a
band around at 250-350 nm, which resembles to m— =", which is consistent with the
naphthalene ring. The aminoguanidine base group undergoes n — 7" transition with a

prominent absorption band around the 356-420 nm range.

The band gap energy was determined from UV-spectra using Tauc's plot, which

was illustrated in Figure 4.4(a-1) by the resulting equation Eq. (4.1).
(ahv) = A(hv — Eg)™ Eq. (4.1)

where a = absorption coefficient, A = constant, h = planks constant, v = frequency
of the photon, and Eg= optical bandgap. The calculated bandgap energy for all the ligand

the ranges occur from 2.5-3.5eV "
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Figure 4.3 UV-visible Spectra of a) [(CHsN4){(C10H7)(1-COO)}]
b) [(CHsN4)2{(C10H7)(1-CO0)}]
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4.3.4 Thermal analysis
4.3.4.1 Salt of 1-naphthoic acid with aminoguanidine

The salt exhibits a continuous mass loss up to 380 °C and is stable up to 287 °C.
As a result, the entire salt is broken down in a single step, as shown in (Figure 4.5 (a)).
A large endothermic peak at 147 °C and an exothermic peak at 276 °C in DTA. A minor
weight loss step from 297 °C to 396 °C is represented by the second peak on the DTA

curve, which is located at 367 °C. Carbon residue is left as a final result at 446 °C.

Figure 4.5 (b), a slight weight loss between 40 °C and 105 °C can be attributed to
the dehydration of acid moiety which is confirmed by the presence of an endothermic peak
in the DTA. The major weight loss that happens between 105 and 460 °C is due to the
removal of the hydroxyl group and other unstable components existing in the sample.
Though, beyond 460 °C, there is only a slow weight loss in the sample, which may result

in formation residues .

From the figure Figure 4.5 (c), it is evident that there are distinct regions of
endotherms. These endotherms are in the range of 104,245,281 ° C and the exothermic
peak occurred at 219 and 258 ° C without changing mass loss there is a formation of adduct.

Beyond, 438 ° C there was no residue was obtained.
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4.3.4.2 Salt of 1-naphthoic acid with guanidine

dehydration, exhibits endothermic peak at 93, 142, and 309 °C. These peaks are due to loss

of moisture content and phase change. Finally, complete decomposition of the salt occurs

at 323°C °,

Further heating, decomposes the organic moiety present in guanidine at 148 °C and shows

exotherm in the thermogram. The intermediate is found to be unstable and the final

decomposition occurred at 437 °C.
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The salt in the ratio 1:2 melts at 77 °C with no weight loss in TG (Figure 4.6 (b)).



Figure 4.6 (c) illustrates single-phase decomposition by strong exothermic peak
around 286 °C is related toward the decomposition of organic moieties. When the temperature

was increased from 405 to 600 °C, there is a formation of carbon as a final residue '°.
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Figure 4.6 TG-DTA curve of

a) [(CHaN3z){(C10H7)(1-COO)}]

b) [(CHaN3)2{(C10H7)(1-CO0)}]

¢) [(CHaN3)}{(C10H7)(1-COO)}]

4.3.4.3 Salt of 2-naphthoic acid with aminoguanidine

The TGA curve analysis (Figure 4.7 (a)) exposed an initial weight loss temperature
occurring from 30 °C to 100 °C, due to the removal of volatile compounds. Additionally,
the material undergoes a major mass loss between 148 °C to 312 °C indicating the
decomposition of the material. From the thermal analysis, we determined the compound is

stable up to 319 °C !l
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Figure 4.7 (b,c) revealed a weight loss from 37 °C to 100 °C, is due to removal of
physically adsorbed compound. Further, the material undergoes major mass loss between

267 °C to 328 °C indicating the decomposition of the aminoguanidine moiety '2.
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Figure 4.7 TG-DTA curve of
a) [(CHsNa){(C10H7)(2-CO0)}]
b) [(CHsN4)2{(C10H7)(2-COO)}]

c) [(CH5N4){(C10H7)(2-CO0)}2]

4.3.4.4 Salt of 2-naphthoic acid with guanidine

Both the salts, shown in Figure 4.8 (a & b) displays sharp endothermic peak around
270 — 297 °C which is encompassed with many secondary peaks due to the removal of less
sable compounds.The acid sdducts was thermally withstand upto 474 °C and finally leads

to the formation of carbon residue.
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4.4 CONCLUSION

1- naphthoic acid, and 2-naphthoic acid show similarity in the formation of salt
with aminoguanidine/ guanidine. The stabilization of acid adducts is facilitated by
hydrogen bonds, which include intermolecular bonds between OH, COOH, CHsN4 - and
CH4N;" for the crystal intra-molecular bonding found with guanidine. The presence of
FT-IR peaks around vNH,uN-N, and vC-N evidence for the formation of salts.
The bandgap energy for all the ligands exhibits a range of 2.5-3.5 eV. The TG-DTA for
1- naphthoic acid/2-naphthoic acid confirms their thermal stability.
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Table 4.4 Thermal Analysis

Thermogravimetry
Metal 1 Weight loss (%) Decomposition
etal complexes ei 0SS
P DTA peak Temp 5 ° Nature of the compound
Range(°C) | Obsd. | Caled.
147(+) 95-231 90 29 dDehydratlc.)I.l and partial
[(CHsNa4) {(C10H7)(1-COO)} ] ecomposition
274(-) 256-700 98.9 - Complete decompose
97(+) 40-152 90 90 Degompos1t10n of the organic
[(CHsNa4) 2{(Ci10H7)(1-COO)} ] moiety
366(-) 301-461 100 100 | Completely decomposition
233(+), 274(+) | 174-321 79 i Dec;o:npos1t10n of the organic
[(CHsNe) {(C1oHy)(1-CO0)} ] moiety
326(-) 315-401 100 100 | Completely decomposition
146(+), 309(+) | 100-320 90 go | Dehydration and partial
decomposition
[(CH4N3){(C10H7)(1-COO)}]
342(-) 320-700 100 100 Complete formation of carbon
residue
[(CH4N3)2{(C10H7)(1-CO0)}] 73(+) 100-160 97.9 - Partial decomposition
443(-) 350-700 100 100 | Carbon as final residues
312(+) 100-350 97.9 - Partial decomposition
[(CHaN3) {(C10H7)(1-COO)} 2]
340(-) 350-700 100 100 | Carbon as final residues
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Thermogravimetry

Metal " Weight loss (%) Decomposition
etal complexes ei 0ss
P DTA peak Temp 5 ° Nature of the compound
Range(°C) |  Obsd. | Caled.
247(+) 100-260 30 i Degomposition of the organic
[(CHsNa4) {(C10H7)(2-CO0)} ] moiety
293(-) 272-700 100 100 | Complete decomposition
75(+) 100-160 20 i Decpmpos1t10n of the organic
[(CHsN4) 2{(C10H7)(2-COO)}] motety
449(-) 358-700 100 100 | Complete decomposition
278(+) 119-250 80 - Melting to the decomposition
[(CHsNa4) {(C10H7)(2-COO)} 2]
557(-) 250-700 100 100 | Completely decomposition
172(+) 162-229 14.9 14.9 | Decomposition of ligand group
[(CH4N3)2{(Ci0H7)(2-COO)}]
519(-) 335-700 100 100 | Completely decomposition
147(-) 100-160 80 - Removal ligand group
[(CHaN3) {(C10H7)(2-COO)}2]
284(+) 250-354 100 100 | Fully decomposition

Endothermic = (+), Exothermic = (-)
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