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Pyridine-2,6-dicarboxylic acid (dipicolinic acid) are actively studied by scientists. 

Dicarboxylic acid can be used as a special biomarker of anthrax. The crystal structure of 

NaH(COO)2C5H3N·H2(COO)2C5H3N·3H2O (1) was redetermined from single crystal. In the 

structure of the sodium salt of dipicolinic acid, sodium is the central atom having two molecules 

of dipicolinic acid and three molecules of water as ligands. The dipicolinic anion coordinate 

sodium cation by both oxygens and one nitrogen atom. A network of hydrogen bonds connects 

water and dipicolinic acid molecules. Hydrogen bonds take part in the formation of building 

blocks and arranging them into chains which, in their turn, make up layers. The sodium salt of 

dipicolinic acid as well as its precursor – dipicolinic acid were studied by IR spectroscopy and 

simultaneous thermal analysis. According to thermal analysis dipicolinic acid is anhydrous 

substance, that decompose on melting at 252 °C forming only gaseous products, presumably CO2 

and pyridine. Opposite to that, thermolysis of its sodium salt follow much more complicated 

way. According to thermogram the 1 has first stage of three water molecules removal at 105 °C. 

The measured mass loss is very close to expected mass loss. Heat of dehydratation reaction is 

151 kJ/mole. On a further heating the sodium salt of dipicolinic acid was melted at 256 °C with 

large mass loss. The nature of products at 268 and 315 °C is hard to state. EDX elemental 

analysis of black residue after 700 °C state brutto-formula of “NaNC5O2” – Na cyanate or 

carbonate in glassy carbon matrix. 
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Introduction 

Thermal decomposition of organic substances in inert atmosphere may open a way to new forms of 

carbon or carbon composites [1–4]. Key method for that is simultaneous thermal analysis, suitable to 

detect both mass change and thermal effects on heating. 

Dipicolinic acid (pyridine-2,6-dicarboxylic acid or PDC and DPA) and its salts are actively studied 

by scientists in various fields of chemistry [5–7]. This acid constitutes approximately 10 % of Bacillus 

subtilis spore dry weight and has been shown to play a significant role in the survival of B. subtilis 

spores exposed to wet heat and to 254 nm UV radiation in the laboratory [8–9]. 2,6-dipicolinic acid is 

the unique component of anthrax spores and it can be used as a special biomarker of anthrax [10]. 

It have been reported thermal analysis results of cobalt (II), zirconium (IV), calcium (II) complexes 

with dipicolinic acid and imidazole derivatives [11]. Beyond those thermal analyses of metal-organic 

frameworks of Mn (II) and Zn (II) with dipicolinic acid [12], as well as polymers based on dipicolinic 

acid and 3,4-diaminopyridine [13] were investigated.  

Aqueous solutions of the calcium and sodium salts of dipicolinic acid (DPA) were shown to have 

weak fluorescence when excited at wavelengths near 300 nm [14]. 

 

Experimental section 

Synthesis of the dipicolinic acid sodium salt NaH(COO)2C5H3N·H2(COO)2C5H3N·3H2O 

The dipicolinic acid sodium salt NaH(COO)2C5H3N·H2(COO)2C5H3N·3H2O 1 was prepared by neu-

tralisation of hot concentrated dipicolinic acid water solution with 15 mass % NaOH and natural cool-

ing. Product was collected as large clear crystals examined by single crystal X-Ray diffractometer. 
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Single crystal X-ray diffraction studies were carried out with BRUKER D8 Quest diffractometer 

(Mo-Kα fine-focus sealed tube). Refinement of unit cell parameters, and absorption correction were per-

formed using SMART and SAINT-Plus programs [15]. All structure calculations and refinement were 

carried out using the SHELXL/PC [16] and Olex2 [17] programs. 

Crystal data and measurement parameters are presented in Table 1. Full tables of atomic coordi-

nates, bond lengths and bond angles have been deposited with the Cambridge Crystallography Data 

Center (No. 2061501; deposit@ccdc.cam.ac.uk; http://www.ccdc.cam.ac.uk). Structure could be de-

scribed as complexes of Na as central atom with two dipicolinic acid ligands and three water ligands 

building up a capped octahedron around sodium cation (Fig. 1).  

Table 1  
Crystal data and structure refinement for 1 

Empirical formula C14H15N2O11Na 

Formula weight 410.27 

Temperature / K 293.15 

Crystal system triclinic 

Space group P–1 

a / Å 6.937(6) 

b / Å 11.154(7) 

c / Å 11.228(8) 

α / ° 85.48(3) 

β / ° 82.01(4) 

γ / ° 87.06(3) 

Volume / Å
3
 856.9(11) 

Z 2 

ρcalc / g/cm
3
 1.590 

μ / mm
–1

 0.159 

F(000) 424.0 

Crystal size / mm
3
 0.38 × 0.21 × 0.14 

Radiation MoKα (λ = 0.71073) 

2Θ range for data collection / ° 5.94 to 71.52 

Index ranges –11 ≤ h ≤ 11, –18 ≤ k ≤ 18, –18 ≤ l ≤ 18 

Reflections collected 45446 

Independent reflections 7893 [Rint = 0.0487, Rsigma = 0.0447] 

Data/restraints/parameters 7893/0/262 

Goodness-of-fit on F
2
 1.025 

Final R indexes [I>2σ (I)] R1 = 0.0605, wR2 = 0.1400 

Final R indexes [all data] R1 = 0.1136, wR2 = 0.1627 

Largest diff. peak / hole / e Å
–3

 0.46/–0.49 

 

The IR spectra of compound 1 and 2 (dipicolinic acid) were recorded on a Shimadzu IRAffinity-1S 

IR spectrometer in KBr tablets in the region of 4000–400 cm
–1

 (Table 2). 
Table 2 

IR absorption bands of 1 and 2 

Vibration, cm
–1 

1 2 

O–H (ν) carboxylic 3545, 3482 3549, 3482, 3414 

H–O–H (ν) 3364 – 

C–H (ν) 3094 3105, 3069 

C=O (ν) 1728, 1703 1700 
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The thermal analysis was performed using Netzsch STA 449F1 Jupiter. 

The powder X-ray diffraction (PXRD) were performed on a diffractometer Rigaku Ultima IV 

in the angular range from 10 to 80° 2 θ using filtered CuKα radiation. 

The analysis of the elemental composition and morphology was investigated using the Jeol JSM-

7001F, EDS Oxford INCA X-max 80. 
 

Results and discussion 

The structure of 1 was reported several times earlier [18–20], still it should be briefly described 

here. One molecule of dipicolinic acid in a structure is single time substituted, forming anion, while 

second molecule of dipicolinic acid presented as nondissociated molecule (Fig. 1). The dipicolinic anion 

coordinate sodium cation by both oxygens and one nitrogen atom. Nondissociated dipicolinic acid mole-

cule coordinate cation with single carbonile oxygen. The carboxylic groups and water molecules are in-

volved into hydrogen bond network. First, hydrogen bonds arranges building blocks into chains, next, 

these chains form layers (Fig. 1a). Additional hydrogen bonds connect layers in bulk (Fig. 1b). 

 

a)  

b)  
 

Fig. 1. Structure of NaH(COO)2C5H3N · H2(COO)2C5H3N · 3H2O. Dash lines depict hydrogen bonds:  

a – the influence of hydrogen bonds on the structure of the compound (1); b – layered arrangement of molecules 
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The compound 1 and the dipicolinic acid 2 were examined by IR spectroscopy (Fig. 2). Due to same 

main molecule in both crystals, the absorption spectra of 1 and 2 have many similar bands (Fig. 2,  

Table 2). 

 

 
 

Fig. 2. IR spectra of 1 (a) and 2 (b) compounds 

 

The 1 and a parent compound 2 were subjected to thermal analysis using Netzsch STA 449F1 Jupi-

ter to discover further similarity. To avoid oxidation reactions, the thermal analysis was done in argon 

atmosphere. The thermogram of 2 is much simpler than that of 1 (Fig. 3, 4). 

 

 
 

Fig. 3. Thermogram of dipicolinic acid (2) in Ar 
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Fig. 4. Thermogram of (1) in Ar 

 

On melting of dipicolinic acid at 252 °C it is immediately occurring its complete decomposition 

by reaction: 

H2(COO)2C5H3N = C5H5N + 2CO2 

Decarboxylation of carboxylic acids on heating is well known for many of them like benzoic [21], 

anthranilic [22], pyridinecarboxylic [23] or maleic acid [24], thus forming benzene, aniline, pyridine and 

acetylene correspondingly. Overall heat measured from the DSC peak area of dipicolinic acid including 

heat of melting, enthalpy of decomposition and heat of pyridine vaporisation ΔH(DSC) = ΔH(melting) + 

ΔH(decomposition) + ΔH(vaporisation) is 459 J/g or 76.7 kJ/mole. Note that pyridine vaporisation takes 

35.1 kJ/mole [25], so the enthalpy of decomposition reaction ΔH(decomposition) (forming liquid pyri-

dine) is less than 41.6 kJ/mole. The uncertainties are ±1 °C on temperature and ±5 % on enthalpy. 

According to thermogram (Fig. 4) the 1 has first stage of three water molecules removal at 105 °C. 

The measured mass loss of 12.51 mass % is very close to expected 11.70 mass % by equation:  

NaH(COO)2C5H3N · H2(COO)2C5H3N · 3H2O = NaH(COO)2C5H3N · H2(COO)2C5H3N + 3H2O 

Heat of dehydratation reaction is 369 J/g or 151 kJ/mole. That is close to 122 kJ/mole needed for 

evaporation of three moles of water [25]. 

On a further heating the Na salt was melted at 256 °C with large mass loss, similar to decomposition 

at 252 °C of pure dipicolinic acid. From the first glance that stage could be attributed to removal from 

crystal and decomposition of nondissociated dipicolinic acid. But the measured mass loss of 

26.14 mass % is much smaller than expected 40.73 mass % according to reaction 

NaH(COO)2C5H3N · H2(COO)2C5H3N = NaH(COO)2C5H3N + C5H5N + 2CO2 

Hence, the nature of products at 268 and 315 °C is hard to state. Moreover, next stage at 462 °C 

with mass loss of 4.57 mass % could be attributed to decomposition of certain organic salt of sodium, 

like oxalate or cyanamide. The nitrogen containing salt is more preferable since EDX elemental analysis 

of black residue after 700 °C state brutto-formula of “NaNC5O2”, where carbon present both in Na-

containing particles (probably, carbonate or cyanate NaCNO) in glassy carbon matrix. Powder X-Ray 
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diffraction of product does not fit to any known Na salt. Total loss of 79.98 mass % can be attributed to 

expected loss of 78.31 mass % for scheme: 

NaH(COO)2C5H3N*H2(COO)2C5H3N*3H2O = NaCNO + 2C + volatiles. 

 

Conclutions 

In this paper, the thermal properties of dipicolinic acid 1 and dipicolinic acid sodium salt 

NaH(COO)2C5H3N·H2(COO)2C5H3N·3H2O 2 were investigated. It was shown that the thermogram of 2 

is much simpler than that of 1. The melting points of compounds 1 and 2 are equal to 256 °C and 

252 °C. A scheme describing the decomposition of compounds 1 and 2 when heated to 700 °C in an ar-

gon atmosphere was shown.  
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ТЕРМИЧЕСКИЕ СВОЙСТВА ДИПИКОЛИНОВОЙ КИСЛОТЫ 
И НАТРИЕВОЙ СОЛИ ДИПИКОЛИНОВОЙ КИСЛОТЫ 
NaH(COO)2C5H3N · H2(COO)2C5H3N · 3H2O  

 

К. Раджакумар, В.В. Шарутин, Д.А. Жеребцов, А.А. Осипов, А.И. Луценко 
Южно-Уральский государственный университет, г. Челябинск, Россия 
 

Пиридин-2,6-дикарбоновая кислота (дипиколиновая кислота) на протяжении дол-

гого времени активно изучается учеными. Кристаллическая структура 

NaH(COO)2C5H3N·H2(COO)2C5H3N·3H2O была переопределена на основе монокристалла. 

В структуре натриевой соли дипиколиновой кислоты натрий является центральным ато-

мом, имеющим две молекулы дипиколиновой кислоты (дипиколината) и три молекулы во-

ды в качестве лигандов. Дипиколиновый анион координирует катион натрия кислородом 

и азотом. Сеть водородных связей соединяет молекулы воды и дипиколиновой кислоты. 

Водородные связи принимают участие в образовании строительных блоков и организации 

их в цепочки, которые, в свою очередь, образуют слои. Натриевая соль дипиколиновой ки-

слоты, а также ее предшественник – дипиколиновая кислота были исследованы методом 

ИК-спектроскопии и синхронного термического анализа. Согласно термическому анализу, 
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дипиколиновая кислота представляет собой безводное вещество, которое разлагается при 

плавлении при 252 °C, образуя только газообразные продукты, предположительно CO2 

и пиридин. Напротив, термолиз натриевой соли происходит гораздо более сложным обра-

зом. Согласно термограмме, на первой стадии отщепляются три молекулы воды при 

105 °C. Измеренная потеря массы очень близка к ожидаемой потере массы. Теплота реак-

ции дегидратации составляет 151 кДж/моль. При дальнейшем нагревании натриевая соль 

дипиколиновой кислоты расплавляется при 256 °C с большой потерей массы. Природу 

продуктов при 268 и 315 °C трудно определить. Элементный анализ EDX черного остатка 

после 700 °C показывает брутто-формулу «NaNC5O2» – цианата или карбоната натрия 

в стекловидной углеродной матрице. 

Ключевые слова: дипиколиновая кислота, карбоксилаты, термолиз, EDX 
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