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Thermochemistry and Thermodynamics of Solution of Styphnic Acid

in DMF at 298.15 K
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Abstract: The enthalpies of solution and the thermodynamics of styphnic acid 2,4, 6-trinitroresorcinol ( TNR) the

solution solved in DMF were studied. The enthalpies of TNR solution with different concentrations were measured by a

SETARAM C80 II calorimeter at 298. 15 K and the empirical formula for enthalpies of TNR solution is calculated by polyno-
mial simulation on the computer. The results show that the formula is A H = —14.392 —988.6b +34.9925'*. The stand-

ard molar enthalpy of solution is determined to be A_ H’ = —14.392 kJ - mol '. The relative apparent molar enthalpies of

solution (@L,) , the relative partial molar enthalpies(L;) , enthalpies of dilution (A, H, ,) are also stretched respectively.

The thermodynamics of TNR solution was studied by analyzing heat-flux to time curves, the rate constant of reaction and the

reaction order were determined to be 1.632 x10 > s ™' and 0. 6158, respectively.
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1 Introduction

2,4 ,6-Trinitroresorcinol ( TNR) was widely used as
materials for dynamite such as Lead Styphnate''? | etc. ,
while its properties, as well as the thermochemical proper-
ties and the thermodynamics for the solution action, have
been rarely reported. In this paper, a lot of efforts had
been put on this aspect. At 298.15 K, the empirical for-
mula of enthalpies for solution, the standard molar enthal-
pies for solution, the relative apparent molar enthalpies
for solution, the relative partial molar enthalpies, enthal-
pies for dilution, the reaction velocity constant and the
reaction progression of TNR in the solvent of N, N-dime-

thylformamide ( DMF) were all calculated respectively.
2 Experimental

2.1 Preparation of reagents and compounds
N, N-dimethylformamide ( DMF) is of A. R.
grade. The electrical conductivity of de-ionized water is

6.25 x10 * s« ¢cm . Alcohol using for cleaning equip-
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ments is industrial. The compound TNR is refined, the
obtained fulvous crystal is purified, dried, sifted through
a 200-mesh sifter and then stocked in the dryer.

2.2 Equipment and conditions

The calorimetric experiment was carried out by using
a Calvet microcalorimeter, type C80 Il from Setaram,
France and operated at (298.15 £0.01) K. The microcal-
orimeter was calibrated by Joule effect before experiment,
and the sensitivity was obtained to be 30.501 wV - mW ™'
at 298.15 K. The reaction solution/solvent were put into
the stainless steel mixing with membrane vessel, which
was made of PTFE (0. 05 mm thick ), separately. The
working temperature is required to be constant. After ther-
mal equilibration for about 1 h, the containers of sample
and reference were pushed down simultaneously. The en-
thalpy-change process was recorded for about 45 minutes,
and the thermogram was obtained.

The accuracy of the calorimeter was checked by per-
forming test measurements of the enthalpies of solution for
KCl (special purity) in de-ionized water. The experimental
value herein A_ H’ =(17.201 £0.058) kJ - mol ' is in good

agreement with that A, H® = (17.241 £0.018) kJ -+ mol '

sol
reported in the literature'”’ | which indicated that the
device used in this work is reliable. The veracity of the

measurements is within 0.23% .
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3 Results and discussion

3.1 Thermochemistry of the TNR solution

The TNR has a good solubility in DMF. The quantity
of DMF solvent was definite to be 3 mL, and the quantity
of TNR was changeable from time to time. Large numbers
of experiments had been done, then six experiments with
good performance and average mass distribution were
picked up. The experimental and calculated values of en-
thalpies of solution in DMF for TNR were given in Table
1. It also included the calculated values of the relative
apparent molar enthalpies of solution ( @L,) and the rela-

tive partial molar enthalpies(L,).

Table 1 Enthalpies of solution in DMF for the TNR at 298.15 K

m b AM,IHOm/kJ - mol ! DL, L,

e /mg  / x10 mol - kg™'  found cal. /K]« mol ™' /kJ * mol !
blank 0.00 0.00 - -14.39 0.00 0.00

1 2.74 3.93 -16.10 -16.08 -1.69 -25.58

2 3.07 4.40 -16.40 -16.42 -2.03 -30.31

3 3.56 5.11 -16.94 -16.94 -2.55 -37.85

4 3.99 5.72 -17.42 -17.40 -3.01 -44.94

5 4.24 6.08 -17.67 -17.68 -3.28 -49.24

6 4.72 6.77 -18.20 -18.21 -3.81 -57.83

Note: m, mass of sample; b, molality of sample in the solution; A H,
the molar enthalpies for solution of sample. The results of caled.
were  the

(A H=~-14.392 -988.6b +34.9925'%).

simulation  results from  obtained  equation

From the data of Table 1, it can be seen that the
value of A_,H is descending as the concentrations rising,
but the 1A_,H| is ascending as the concentration ascend-
ing. The enthalpies of solution in DMF with different con-
centrations of TNR and the values of concentration are
simulated through the empirical formula(1)"* .

A H = A+ Bb+ Cbh” (1)
A, B, C in Equation (1) mean the regression coeffi-
cients. After a polynomial simulation on the computer, the
chart is in Fig 1.

The empirical formula of enthalpies of solution
A_H (b) in DMF and the standard enthalpies of solution
A H!(b=0) in DMF for the coordination compound
TNR are calculated as:

A H = -14.392 - 988.6b + 34.9925'"°
A H) =-14.392 k] + mol™'

sol "' m

(2)
(3)

According to the relationship as shown in Eq. (4) '*
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-16.0 1
-16.5
g 70
T 75
4
-18.0 1
185 . . . . )
0060 0065 0070 0075 0080  0.085
b / (mol-kg™)"?
Fig.1 Measured A_H for TNR as a function
of molality b at 298.15 K
DL, = A H(b =b) - A H(b =0) (4)

Bringing Eq. (2) and Eq. (3) into Eq. (4), the
empirical formula of relative apparent molar enthalpy @L,

for the coordination compound is obtained :

PL. =-988.6b +34.992)" (5)

According to the empirical formula as presented in Eq. (6) "
aAH

L =b[ aﬁl(;l ] + @L, (6)

From Eq. (2) and Eq. (5), the following empiri-
cal formulae of the relative partial molar enthalpy L, for

the title coordination compound was determined ;

L, =-1977.2b + 52.488b"* (7)

(8)

According to the empirical formula described in

2 . .
ApH,, = SAL,7)" = (6,7)"]

Eq. (8) "', the following empirical formulae of dilution
enthalpies A H, , for the coordination compound between
different concentrations is obtained, where A, = -988.6,
A, =34.992. From the Equation (9), the alterant quan-
tity of the enthalpies from some concentration to another
could be concluded.

ApH, , =-988.6(b,"" —b") +34.992(b, - b,) (9)
3.2 Thermodynamics of the TNR solution

Since the thermodynamics (TD) curves recorded by
using a microcalorimeter at 298. 15 K with different con-
centrations are similar in tendency and the solution
processes are of some specific characters with different
concentrations, a typical thermodynamics ( TD) curves

shown in Fig.2 was picked up to study.
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Fig.2 Heat flow curve of solution at 298. 15 K

It can be seen that the reaction is an exothermic one
which attributed to the annectent effects between mole-
cules of solutes (or ions) and DMF molecules.

The original data obtained from the TD curves were
shown in Table 2. Eq. (10) which is derived from the
literature >’ was non-reversible thermodynamics equation
under isothermal and isotonic condition. The rate constant
of reaction (k) and the reaction order (n) of the solution
reaction could be calculated from this equation. These
experimental data in Table 2 were put into Eq. (10) by
linear least-squares method.
a1l dH,

H dt

1 = Ink + nln (10)

H,
1 -
H

0

where H, is the total reaction enthalpy ( corresponding to
the global area under the TD curve), H, is the reaction
heat in a certain time ( corresponding to the partial area
under the curve), dH,/dt is the rate of reaction at time ¢,
k is the rate constant of reaction, n is the reaction order.

According to the data of Table 2, the values of k£ and

n ! were obtained. The rate constant of reaction k =

1.632 x107° s™', the reaction order n =0. 6158, and
the correlation coefficient R* =0.9882.

4 Conclusions

The enthalpies of solution in DMF of the coordination
compound of TNR are measured by using a Calvet micro-
calorimeter. Empirical formula for the calculation of the

enthalpies for solution (A, H), relative apparent molar

sl
enthalpies (@L,), relative partial molar enthalpies (L,)
and enthalpies of dilution (A H,,) are calculated from the

H=
sol

—-14.392 - 988. 6b + 34.992b"*, PL. = - 988. 6b +

experimental data of the enthalpies of solution. A

34.9926'*, L, = —1977.2b +52.488b" and A, H, , =
-988.6[b,"% =b,"7] +34.992[b, = b, ].

Table 2 Thermodynamics data of the solution

reaction at 298.15 K

! H,  10°(dH/dr) H/H, Wll-H/H,] WlI/H, - di./di]
Y s B

150 -0.0345 - - - -
200 ~0.0548 —-4.06 0.179  —0.198 ~6.62
250 —0.0753 4.1  0.246  —0.283 ~6.61
300 —0.0954 —-4.02  0.312  -0.374 ~6.63
350 ~0.115  -3.84  0.375  —0.470 ~6.68
400 ~0.133  -3.66  0.435  —0.570 -6.73
450 —0.150  —3.42  0.491 ~0.675 ~6.80
500 —0.166  —-3.24  0.544  —0.785 ~6.85
550 —0.181 -2.9  0.591 ~0.894 ~6.96
600 —0.195 -2.76  0.636  —1.01 ~7.01
650 —0.208 -2.24  0.679  -1.14 ~7.22
700 —0.219  -2.32  0.717  -1.26 ~7.18
750 —0.230  -2.08  0.751 ~1.39 ~7.29
800 -0.239  -1.98  0.783  -1.53 ~7.34
850 —0.248 —-1.76 0.812  —1.67 ~7.46

Note: H, = -0.3057 J.

The reactions of TNR dissolved in DMF are exother-
mic. It is probably because the annectent effects between
the molecules of solutes and DMF solvent.

On the basis of experimental and calculated results,

the rate constant of reaction are found to be

1.632 x10 * s™" and the reaction order are determined
to be 0.6158.

The experimental results can provide new content to
the thermochemical properties, thermodynamics and func-

tion mechanism of the title coordination compound.
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Deformation Analysis of Free Loading Propellant in Storage

YU Yang'?, FAN Hong-yu’, WANG Ning-fei’, ZHANG Ping’
(1. Electromechanics and Materials College, Dalian Maritime University, Dalian 116026, China;

2. School of Mechano-Electronics Engineering, Beijing Institute of Technology , Beijing 100081, China )

Abstract; Three-dimentional viscoelastic large deformation incremental constitutive equation was derived based on Total Lagrangian
method. From materials property testing of composite modified double base (CMDB) propellant by dynamic mechanical analyzer
(DMA) ,deformation, equivalent von mises stress and strain of free loading propellant in storage were obtained. The results show that
the subsidence magnitude of solid propellant in the axis direction is about 0. 16 mm. Outer diameter increases 0. 04 mm and inner
diameter is nearly unchanged. Stress between solid propellant and binder is about 11. 8 kPa, which will not lead to dewetting.
Balanceable time of the free loading propellant in long-term storage is about half a year. Thus the deformation of the free loading
propellant grains in storage can be deduced by that of propellant stored for more than half a year.

Key words: aerospace propulsion theory and engineering; free loading propellant; storage; viscoelasticity; dynamic mechanical

analyzer (DMA)
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The Hydrous Enthalpy of NTO ~

ZHAO Feng-gi, HU Rong-zu, XU Si-yu, GAO Hong-xu, YI Jian-hua
(Xi'an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract: Based on the literature data of the enthalpies of solution in water, A_ H' , lattice enthalpy, AH! ,lattice energy, AU} for
the complexes of the lanthanidi metals with 3-nitro-1,2,4-triazol-5-one (NTO) ,M(NTO), - mH,0(M = La, Ce, Pr,Eu,Sm, Gd,
n=3,m=7; M=Y,Yb,n=3,m=6; M=Dy,Th,n=3,m=5; M =Nd,n=3,m =38),standard enthalpies of formation,
AH, (M™ aq, ) ,AH, (M g) ,AH,, (H,0,g) ,AH,, (H,0,1) ,AH, (NTO " ,aq, ) ,AH, (NTO" ,g) and hydrous enthalpy of M"*,

AH (M ) ,the hydrous enthalpy of NTO ™, A, H’ (NTO~ ) was estimated as = (153.73 £0.21) kJ + mol "',

h™ m

Key words: physical chemistry; NTO ™ ; hydrous enthalpy
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