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ABSTRACT

The enthalpy of transition between two crystal forms of 2,6-dinitrotoluene was determined
and the heat capacities of the respective forms in the solid and liquid phase were measured.
The standard enthalpies of combustion, and the standard enthalpies of formation for the two
forms were also determined.

INTRODUCTION

This is a systematic investigation of a nitroaromatic compound that is of
interest to the explosives industry [1]. The existence of several isomeric
forms of the dinitrotoluenes has long been established [2], and some single-
crystal X-ray data have been more recently established [3]. A preliminary
differential scanning calorimetric (DSC) experiment carried out in this
laboratory confirmed that there are at least two major crystal modifications
of the pure compound.

EXPERIMENTAL
Materials and synthesis

2,6-Dinitrotoluene

A commercially obtained sample (BDH) was recrystallised five times
from sodium-dried benzene (BDH, AnalaR grade), dried in air, and stored
in a vacuum desiccator over silica gel in the dark. Microanalysis of the
purified compound gave satisfactory results, see Table 1. A purity de-
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TABLE 1
Microanalysis of purified 2,6-dinitrotoluene (M.W. 182.138), C;H¢N,04(s)
Expected Found
(%) (%)
Carbon 46.16 46.33
Hydrogen 3.32 3.30
Nitrogen 15.38 15.47

termination using a DSC (Perkin-Elmer, model 2) indicated a purity of
99.93%; indium metal (purity 99.999%) was used as a calibrant. The com-
pound melted sharply at 56.4° C; the literature value is 66 ° C [4]. A sample
of the purified 2,6-DNT was placed in an oven (100°C) for 5 h, and after
cooling under desiccation and subsequently scanning in the DSC, the
literature value of 66°C was then found. In the following, [A] and [B] refer
to the crystal modifications of lower and higher melting points respectively.

Differential scanning measurements

A hermetically sealed sample of 2,6-DNT[A] was scanned from 36.85 to
71.85°C. The resultant single-melt endotherm at 56.4°C is shown in Fig.
1(i). The sample was held at 71.85° C for about 10 min before being scanned
down to 36.9°C, Fig. 1(ii). Two exotherms were then noted at 40.6 and
38.47°C respectively. The same sample was then scanned up to 71.85°C,
Fig. 1(iii). The observed thermogram revealed three peaks at 51.1, 56.44 and
66.04° C respectively. The sample was once again cooled and then scanned
up to 71.85°C, Fig. 1(iv). This time the thermogram revealed two peaks
only, at 51.1 and 66.04°C. This cooling and heating process was then
repeated several times. Each scan revealed only two peaks, but the first
endotherm at 51.1°C was each time significantly reduced in size. The final
scan, Fig. 1(v), produced a single peak of similar shape to that obtained
from a sample of [B]. From these results, enthalpies of fusion were calcu-
lated: A, H®[A]=19.28 kJ mol~!, and A, H °[B]=16.07 kJ mol ™.

Heat capacities

The heat capacities, C,°, of both crystal forms ([A] and [B]) and their
melts were measured on a pre-calibrated DSC2 using standard procedures,
with the sample material hermetically sealed in the sample pan. To test that
the instrument was functioning satisfactorily, the heat capacity of sodium
chloride (BDH, AnalaR) was determined under identical conditions with
satisfactory results [5]. All samples of 2,6-DNT were weighed before and
after scanning to check the integrity of the seal and the experiments. All
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Fig. 1. Sequential study of the crystal transitions and fusion of 2,6-DNT.

measurements were performed in triplicate. The following masses were used:

Sample No. 1 2 3 4 5 6 7 8
Mass (mg) 509 497 666 353 551 477 521 1778

The heat capacities obtained are tabulated in Tables 2—5. Plots of O
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TABLE 2
Heat capacity of 2,6-DNT solid [A]
T (K) G2 (kImol ' K™ Mean

Sample 1 Sample 2 Sample 3 Sample 4
305.0 0.216 0.218 0.216 0.217 0.217+0.0015
307.5 0.222 0.221 0.221 0.221 0.221 +0.0007
310.0 0.223 0.224 0.223 0.223 0.223 £ 0.0004
3125 0.231 0.231 0.231 0.231 0.231 +0.0003
315.0 0.232 0.229 0.224 0.229 0.228 +£0.006
317.5 0.238 0.230 0.230 0.231 0.231 +0.001
320.0 0.238 0.230 0.240 0.235 0.236 +£0.007
TABLE 3
Heat capacity of 2,6-DNT liquid [A]
T (K) G2 (kJmol™' K™ Mean

Sample 1 Sample 2 Sample 3 Sample 4
335.0 0.260 0.261 0.255 0.260 0.259+0.004
337.5 0.261 0.261 0.264 0.261 0.262+0.002
340.0 0.278 0.268 0.264 0.270 0.270 £ 0.009
342.5 0.265 0.269 0.265 0.267 0.266 £ 0.003
345.0 0.270 0271 0.268 0.270 0.270+0.002
347.5 0.273 0.271 0.272 0.272 0.272+0.001
350.0 0.276 0.275 0.274 0.275 0.275+0.001
352.5 0.276 0.276 0.279 0.277 0.277+0.002
355.0 0.278 0.277 0.283 0.278 0.279+0.004
357.5 0.274 0.278 0.282 0.278 0.278 +0.005
360.0 0.285 0.280 0.283 0.283 0.283+0.003
362.5 0.281 0.281 0.283 0.284 0.282+0.003
365.0 0.282 0.282 0.284 0.282 0.283+0.002
TABLE 4
Heat capacity of 2,6-DNT solid [B]
T (K) C? (kImol ' K™ Mean

Sample 5 Sample 6 Sample 7 Sample 8
305.0 0.223 0.224 0.224 0.224 0.224 + 0.001
307.5 0.225 0.226 0.225 0.225 0.225+0.001
310.0 0.229 0.225 0.226 0.227 0.227 +0.002
3125 0.224 0.227 0.227 0.229 0.227+£0.0035
315.0 0.231 0.237 0.230 0.231 0.232+0.005
317.5 0.236 0.236 0.232 0.235 0.235 £0.0025
320.0 0.233 0.235 0.247 0.240 0.237 +0.006
3225 0.241 0.240 0.246 0.249 0.244 1+ 0.006
325.0 0.240 0.244 0.250 0.250 0.246 +£0.007
327.5 0.251 0.252 0.258 0.251 0.253 +0.0065
330.0 0.268 0.268 0.267 0.265 0.267 £0.002
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TABLE 5

Heat capacity of 2,6-DNT liquid [B]

T (K) C,° (kJmol™' K1) Mean
Sample 5 Sample 6 Sample 7 Sample 8

345.0 0.260 0.261 0.257 0.260 0.260+0.002

347.5 0.261 0.262 0.258 0.261 0.261 £0.002

350.0 0.262 0.262 0.254 0.262 0.263 +0.002

352.5 0.264 0.262 0.265 0.263 0.26340.002

355.0 0.265 0.269 0.265 0.263 0.265 +£0.004

357.5 0.266 0.265 0.267 0.264 0.265 +0.002

360.0 0.266 0.265 0.268 0.264 0.266 +0.0025

362.5 0.268 0.264 0.268 0.266 0.267 £0.003

365.0 0.269 0.270 0.269 0.268 0.270+0.001

against temperature are shown in Fig. 2; confidence limits are indicated by
the broken lines. The results of a statistical analysis of the data are shown in
Table 6.

Combustion calorimetry

The enthalpy of formation, A;H®, was determined for each form, see
Table 7: runs 1-6 refer to [A], and runs 7-12 refer to [B]. Equation (1) was
used to calculate A;H® from the standard energies of combustion, AU ®,
and the standard enthalpies of combustion, A,H®. The results are dis-
played in Table 8.

C,H¢N,O,(c) + $0,(g) = 7CO,(g) + 3H,0(1) + N, (g) (1)

Density measurements using a standard pycnometric method were made,
giving the following values: [A], 1.51 and [B], 1.49 g cm ™. These values were
subsequently used for buoyancy correction purposes; values of 1.536 and
1.528 have been reported previously [3], but it is not certain whether a single
modification was involved.

TABLE 6

Statistical analysis

m c r
[A] () 0.00116 -0.135 0.953
[B] (s) 0.00078 0.0001 0.964
[A] (lig) 0.00154 -0.252 0.946
[B] (liq) 0.00043 0.112 0.977

Values of heat capacities, Cpe, were fitted to the equation C,> =mT + ¢ using standard

statistical routines; T = temperature (K), r = correlation coefficient.



61

P9TLS 61 £082S°61 TI9LS'61 TTILS'6L SETIS61 TTSHS61 SPP8S 61 BRRARS'6L  96TPS6l  $LZOIBL S88S°61 1£€LS61 G_8m

(M S1'867)
&1V —
LE6EL190'0  1TZ68SO'0 88ESHIY0°0  PILLI6SO0 YEG068SO°0 S8E98190°0  POOL68SOC  R8888S0'0  TETEBSO'D  SLYB8SO'0  SO6E8S0°0  90L61900  (,_M M) 7
weLre SSIET L88TT €085 00€Z 0L6T'C €L8E'T $6LTT 9791°C €057 LYST'T LOVY'T Ol)ev
S6P0SLTIO'0 66T0COCO'0 90CE8670°0  6LOLSEO'0  00LOOEO'0 896000€0°0 8ZIVLIEO'0 60169670°0 €1078T0°0 LPSE6TO0  TTLEGLO'O  EPE6IE00 ) b
+970°0  LO06TO0 86100 881100 $910°0 €100 86100 $910°0 Z$P10°0 96£0°0 86100 TLLTO0 ) ’'p
TL6SO'0  BOB0O890'0  9EBVLIDO SOPLO'O  TTBLLYO0  BOBOBYO0  TI9TTLOO  TTRLLIOO bPL6090'0  90LTI00  POREIV'O  9SSPELOO () “b
9CEPGLO'0  SESOR00  6ZZO0VS'0  6ETR0SBO0  YOELPOO  ZL899L00  6€8L0T60'0 6lvE6IS00  9PEZIRO0  ZERYESO'D 91668900  6£1£898°0 () b
801 801 801 801 801 801 801 801 801 801 801 801 [()X{e3320) 2%
080000 6L800°0 9000°0 9£000°0 050000 0P000°0 09000°0 $000°0 10000 0Z100°0 090000 $8000°0 (8) (toos) i

161€°L p8LIV'E TI61EL 8LIV'E 98LIV'E 0Z6IEL Y6LIV € 6LTY'E 0ZS6LT 98LTIV'E 8LS6LT veoleL  (8) (dqono
eOIIS) W
78000 70L00°0 18L00°0 $LSO00 759000 8L00°0 6$8800°0 89900°0 9LLODO LLLOO'O 806000 182000 {(8) (amid)pw
000 0sv00°0 LTSO00 9LF00'0 097000 8TY00'0 91500°0 85000 P$P00'0 89v00°0 PBEOO0 984000 (8) (asng) iy

Z0LP0v6°0 £YTTO'1 $9TL00'L LIL9EL'L  8E8PIOL LSOELO'L €£T0050°L IPRTO0'L  SOILESE'0  ZYPEEO66'0  9SLYIG6'0  69ZSLOL [onoea]
(3) (srdwes) py

4l 21 oL 6 g L 9 S 14 € 4 I

USNOICHIUIP-9‘T 10] SINSAI ANIWLIO[ED UoNSNquIo))

L 974VL



62

TABLE 8

Energies of combustion and enthalpies of combustion of 2,6-DNT, [A] and [B] (kJ mol™!)
(A] [B]

—-AU® 3566.13+3.82 3562.46 +3.64

—~AH® 3562.41 +3.82 3558.75+3.64

—-AH® 49.65+3.93 53.32+3.75°

* Previous results are as follows: 53.12 [6], 50.21 [8] and 54.07 [4].
RESULTS AND CONCLUSIONS

It is clear that there are several crystal modifications of 2,6-DNT, of
which at least two forms, [A] and [B], have thermodynamic stability. An
estimate of the difference in stability may be derived from the present
results, in terms of standard enthalpies of formation. From the combustion
studies, directly, A;H °[B](s) — A;H ®[A](s) = 3.67 kJ mol~ . In view of the
uncertainty limits quoted, this is not statistically significant, though it clearly
establishes an order of magnitude. As shown in the following cycle, use of
the DSC results depends on assumptions about the nature of the liquid
product obtained from the melting processes.

Fusion

2,6-DNT[A] (s) —— Liquid melt

. Reversible
Crystal transition ™ fusion
~

2,6-DNTI[B] (s)

Since the heat capacity results indicate that the liquid states near the
temperature region of fusion are nor identical, the difference between the
enthalpies of fusion, namely 19.28 — 16.09 = 3.21 kJ mol ™!, does not di-
rectly give values for the difference between the enthalpies of formation.
However, the value obtained is so very close to that derived from the
combustion studies that we may be confident that any correction is small,
with [B], as found, being the more stable. This is reasonable, as the heat
content of the melts is unlikely to differ significantly.

An inherent difficulty in the study of crystalline solids of this nature is
that of ensuring that a particular sample is wholly of one form. Powder
X-ray studies in this Laboratory [7], while not conclusive, appear to show,
from a comparison of the d-values of forms A and B with those calculated
from the earlier X-ray investigation of Andreen and McCrone [3], that while
forms A and B are clearly distinguishable, form [A] produced in this
laboratory is not definitely identical in diffraction terms with that produced
by Andreen and McCrone. A possibility exists that weak lines result from
small quantities of form [B].



63

ACKNOWLEDGEMENTS

We would like to thank Dr. A.M. Moore of the Physics Dept., Royal
Holloway College, for his help and advice with the crystallography. This
work has been carried out with the support of the Procurement Executive
Ministry of Defence.

REFERENCES

A. Finch and A.E. Smith, Thermochim. Acta, 53 (1982) 349.

H. Limpricht, Ber. Dtsch. Chem. Ges., 18 (1885) 1402.

J.H. Andreen and W.C. McCrone, Anal. Chem., 26, 12 (1954) 1997.
M. Badoche, Bull. Soc. Chim.,, 6 (1939) 570.

J.R. Payne, Ph.D Thesis, University of London, Feb. 1986.

L. Médard and M. Thomas, Mem. Poudres, 31 (1949) 173.

AM. Moore, private communication.

R. Shaw, J. Phys. Chem., 75, 26 (1971) 4047.

[« -BES B SRV B NS



