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Specific Heat Capacity of Sodium Salts of 2,4 ,6-Trinitro-1,3 5-trihydroxybenzene
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Abstract: The continuous specific heat capacities at constant pressure (Cp) of 2,4 ,6-trinitro-1,3,5-trihydroxybenzene

(TNPG) , mono-substituted sodium (Na, TNPG), di-substituted (Na,TNPG) and tri-substituted ( Na,TNPG) trinitrophloro-

glucinate were measured by differential scanning calorimeter (DSC) method. The change of enthalpy and entropy were calculat-

ed at an interval of 5 °C in the range from 50 C to 100 “C. The temperature dependence of C were determined from the experi-

mental values as C (] * g™« C ") =a+bT +cT* +dT° with the exception d =0 for the substituted sodium salts of TNPG. The

deviation analysis indicates that DSC method is effective and can be used to measure the specific heat capacity of other energetic

materials. The correlation coefficients that are close to 1 show that the € values of these compounds are well-regulated.
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1 Introduction

2,4, 6-Trinitro-1, 3, 5-trihydroxybenzene ( trinitro-
phloroglucinol, TNPG) is a strong acidic organic com-
pound with three nitro-groups and three phenolic hydroxyl
groups conjugated with the ring. TNPG is an important
nitrophenol explosive, and can react with many metallic
compounds forming mono-, di- and tri-substituted metal-
lic salts of TNPG, which have strong combustion and det-
onating properties and are used as primary explosive '’

Specific heat capacity (C,) is a fundamental quantity
for evaluation of thermodynamic properties, closely related
to the energetic structure and sensitive to the variations in

41 imaging the ability to

other properties of substances
endothermicity or exothermicity. The application and syn-
thetic methods of TNPG and its alkali metal salts have
been reported”’ "' Up to now, no reports on specific heat
capacity of them have been found. Therefore, we studied
the low-temperature specific heat capacity of TNPG and its
substituted sodium salts in the temperature range between
50 °C and the melting point with a differential scanning
calorimeter (DSC) , which as an effective thermal analysis

tool has been widely applied in many fields®’. Other ther-

modynamic data, such as molar differences of enthalpy and
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entropy, were calculated from C . We can ulteriorly ex-
plore the stability of TNPG and its related substances.

2 Experimental

2.1 Sample
TNPG and its

mono-, di- and tri-substituted sodium salts used for the

TNPG is a yellow needle crystal.

present work have been prepared by CHEN Hong-yan
(Beijing Institute of Technology)'”*’. The preparation

principle is as follows.
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TNPG + NaHCO, —— NaTNPG/Na, TNPG/Na, TNPG + CO, + H,0

The structures of the products were characterized by
IR, MS, TG and DSC. Furthermore, their melting points
were determined to be about 150 °C with CDR-4P DSC
and the purities were indicated larger than >99% .
2.2 Determination of specific heat capacity

The heat flow rate into the sample is proportional to
its continuous specific heat capacity. By recording this
heat flow rate as a function of temperature and comparing
it with the heat flow into a standard material under the
same conditions, the specific heat capacity of the sample

is determined as a function of temperature . The ultimate
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precision of this method is 0.3% or better, which approa-

ches the precision of adiabatic calorimetry' '’

ment was carried out by Pyris 1 DSC ( PERKIN-ELMER

The experi-

Inc. ) in the temperature range between 50 “C and 100 C
under the linear heating rate of 10 °C - min~'. The atmos-
phere was nitrogen gas with purity of 99.999% and a flow
rate of 20 mL + min~'. Baseline measurements (no sample)
and reference measurements ( synthetic sapphire) were made
in the same temperature range as the sample measurements
for calibrating the calorimeter. The mass of the sample
loaded in an aluminum pan was accurately weighed before
each heating, the standard substance 28. 599 mg. The
high-precision apparatus has an automatic data processing
program and the procedure control software which can de-

termine basic thermodynamic and kinetics functions.
3 Results and discussion

3.1 Examination of the precision

In order to examine the precision of this instrument,
we measured the melting point and fusion heat of In and
Zn shown in Table 1 and calibrated the temperature and
heat flow of this instrument according to these values. It
can be clearly seen that all the relative deviations are

within 1% and the precision of the instrument is high.

Table 1 The melting point and fusion heat values of

In and Zn by Pyris 1 DSC

ol A H T A H,,, relative deviation
materials ¢ 0 P ’ 1} _—
/K )een /K /leg" T A H
In 429.75 28.45 429.7 28.38 0.03% 0.23%
Zn 692.62  108.37  692.82 107.27  0.05% 1%

3.2 Specific heat capacity of TNPG

Seven times parallel experiments were carried out,
and the average results were obtained from the measured
values. The low-temperature experimental C, for TNPG
are plotted in Fig. 1. It can be seen that the C_ of the
compound ' increases with temperature and no phase
change occurs in this temperature range. Furthermore,
the C, - T curve shows that the C, of TNPG has a sudden
increase in the end. We infer that not system error but
the crystal water causes this transition. The sample ab-
sorbs heat and then loses crystal water, which results in

this sudden increase in specific heat capacity.

The following polynomial equation was obtained by
the least square fitting by using the experimental C  and
temperature in the temperature range from 50 °C to
100 °C. The correlation coefficient R = 0. 976. The
standard deviation D= 0.085.

€, =-15.107 +0.704T - 0.010 7* +4.832 x 107° T

3.3 Specific heat capacity of sodium salts of TNPG

The low-temperature experimental C average values

for seven times has been plotted in Fig. 2.
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Fig. 1 Experimental curve for specific heat capacity of TNPG
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Fig. 2 Experimental curves for specific heat capacity of TNPG-salts

The tendency of the specific heat capacity of
Na, TNPG, Na,TNPG and Na,TNPG can be seen. On the
whole, C, of Na,TNPG is basically invariable, C  of
Na,TNPG and Na,TNPG increases with the temperature,
and occurs just a little change in the end.

The C, of Na,TNPG, Na,TNPG and Na,TNPG have
been fitted to three following polynomials ( Table 2) in
experimental temperature by means of the least square fit-
ting. From three equations, the C, change of three sodi-
um salts of TNPG accord with quadratic equation. And
the correlation coefficients R of least square fitting are
close to 1, D to 0. The C, of Na,TNPG, Na,TNPG and
Na,TNPG change by rule. Furthermore, we calculate en-
thalpy ( AH) and entropy ( AS), respectively, based

on the following thermodynamic relationships: AH =

Ty Ty
C,dTand AS = | C,/TdT at an interval of 5 °C and
T, T,

list them in Table 3. Table 3 shows the differences of en-
thalpy and entropy: Na,TNPG > Na,TNPG > Na, TNPG.
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Table 2 Polynomial equation of Na, TNPG, of TNPG is bigger than that of TNPG at normal tempera-
Na,TNPG and Na, TNPG ture 50 °C. The R-Squares (COD) of the results are all
sample t:‘:;l;“el;t}l{“ equation R D. more than 0. 97. The deviation analysis indicates that
Na TNPG 50 -100  1.254 40,0037 —3.455 x 1072 0.973 0.015 DSC method is effective and can be used to measure the
Na, TNPG 50 — 100 10.942 —0.325T +0. 003 T2 0.997 0.071 specific heat capacity of other energetic materials.
Na; TNPG 50 - 100 —-4.941 +0.171T7 -8.339 x 10 ~*7% 0.981 0.097

Table 3 AH and AS of Na,TNPG, Na,TNPG and Na,TNPG

Na, TNPG Na, TNPG Nay TNPG
T/C AH AS AH AS AH AS
STeg VTeg e T ST et gt /g e
50 0 0 0 0 0 0
55 6.632 0.126 6.945 0.132 9.815 0.187
60 13.26 0.242 14.2 0.259 21.03 0.383
65 19.92 0.348 21.83 0.382 33.7 0.590
70 26.57 0.447 30.24 0.509 48 0.808
75 33.2 0.538 40.47 0.656 64 1.038
80 39.78 0.623 53.42 0.837 81.34 1.274
85 46.28 0.702 69.82 1.058 85.35 1.510
90 52.71 0.774 90.3 1.327 117.97 1.734
95 59.03 0.842 115.4 1.646 135.98 1.940

4 Conclusions

Differential scanning calorimetry is a quick and exact
method of determining the continuous specific heat capac-
ity of materials. The specific heat capacity values of ener-
of TNPG, Na, TNPG, Na,TNPG,
Na,TNPG were measured by it. Their C - T relationships

getic  materials

were obtained by the fitting of the experimental data. It
was confirmed from the variation regularity of the € with
T that the stability of Na,TNPG is the best, secondly
Na, TNPG in the temperature range of 50 — 100 C. It is

seen that the specific heat capacity value of sodium salts

References:

[1] CHEN Hong-yan, ZHANG Tong-lai, ZHANG Jian-guo. Preparation
and molecular structure of (SCN) (TNPG) - 2H,0[J]. Chinese J
Struct Chem ,2005,24 (8): 973 -979.

[2] CHEN Hong-yan,ZHANG Tong-lai,ZHANG Jian-guo et al. The prepara-
tion, structures and thermal decomposition mechanisms of trinitrophloro-
glucinol-hydrate[ J . Initiatorspy & Rotechnics 2005, (2) : 13 —17.

[3] WANG Shao-xu, TAN Zhi-Cheng, DI You-ying, et al. Specific heat
capacity and thermodynamic properties of 2, 4-dichlorobenzaldehyde
(C,H,CLO)[J]. J Chem Thermodynamics,2004,36: 393 —399.

[4] ZHANG Ji-biao, TAN Zhi-Cheng, MENG Shuang-he, et al. Specific
heat capacity and thermal decomposition of dicyandiamide[ J]. Ther-
mochimica Acta,1997,307; 11 - 15.

[5] HUANG P, LI S C,WANG Y J. Theory Practice of Energetic Materi-
als[ M]. Beijing,New York: Science Press,2004,Vol. 5(part A and
B),30 -37.

[6] Wolff J J,Nelsen S F,Powell D R, et al. Structure of tri( donor) -tri
(acceptor) -substituted benzenes. 2. Potassium salts of trinitrophloro-
glucinol[ J]. Chem Berl,1991,124 . 1727 - 1731.

[7] Bellamy A J,Ward S J, Golding P. A new synthetic route to 1,3 ,5-tri-
amino-2,4 , 6-trinitrobrnzene( TATB) [ J]. Propellants, Explos, Pyro-
tech ,2002,27 . 49 - 58.

[8] Takeo Ozawa. Thermal analysis-review and prospect[ J]. Thermochim-
ica Acta,2000,355; 35 —42.

[9] CHEN Hong-yan, ZHANG Tong-lai, ZHANG Jian-guo, et al. Crystal
structure , thermal decomposition mechanism and explosive properties
of [ Na(H,TNPG) (H,0),],[J]. Journal of Hazardous Materials,
2006,129; 31 -36.

[10] O'NEILL M J. Measurement of specific heat functions by differential scan-
ning calorimetry[ J]. Analytical Chemistry,1966,38(10): 1331 —1336.

2,4,6-=FH%E-1,3,5-F=BMMNER L AR
FRE, KAX, KEE, HEH

(EFEIARFHEEAFERAERE L ERE, JLiK 100081)

WE: HERHAME ML (DSC) M E T S REM B 2,4, 6-= R 3L-1,3,5-28 = (TNPG) . — ({8 ( Na, TNPG ) . — Bt 4t
(Na,TNPG) . = HUC AN ER (Na, TNPG) 5 H T 1% 7% 22 L A2 115 T #E 50 ~ 100 °C iR BE VU 1B N A5 ) B 5 °C 9 48 25 (8 s 78
o NEBEHIRARSRIEMKERER: C(J- g - C™') =a+bT+cT* +dT° , TNPG BURBIER B 4h d =0, LR
SAHT M Z IR Tk R A B, AT T S REA R L SR B, Ak, S A G R AR 1, FW X S A W

oA 5 AR I B ML AR
KEW: L
HEZES: 0642

PO 2,4,6- =/ 3k-1,3,5- K =l (TNPG) ; #1dh; 75 30 i ik (DSC)

MXERFRIRAS: A



