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Abstract:

We investigated the combustion and explosion cheriatics of new antitumor drug 5-
aminolevulinic acid (5-ALA) hydrochloride and itstermediate of synthesis 5-nitro-
levulinic acid (5-NLA) methyl ester. The resultgavebtained by experiments and by cal-
culations. Differential scanning calorimetry dathtained at different heating rates and the
Kissinger method calculations were used to deteatrithe kinetic parameters of the ther-
mal decomposition for 5-NLA methyl ester. It wamtbthat 5-NLA methyl ester belongs to
a substances prone to explosive transformation.de@ obtained during experimental pe-
riod were transferred to the manufacturerthat would help to create a proper explosion
protection for work environment and to design tetbgical processes taking into consid-
eration the required precautions.

Keywords: 5-ALA hydrochloride; 5-NLA methyl estigmmable properties; explosive
characteristic.

1 Introduction

The research concerns to the definition of flammaisid explosive properties of the new
antitumor drug — 5-aminolevulinic acid hydrochlai¢further in the text 5-ALA hydrochlo-
ride) and its intermediate of synthesis — 5-nitvalaic acid methyl ester (further in the text 5-
NLA methyl ester) using calculated and experimentethods.

The work was done in the frame of the implemenitatid the research program for sub-
stances, synthesized while fulfilling the stratémythe development of the Russian pharmaceu-
tical industry for the current period up to 202h (/e continue the series of publications started
by the Ref. [2] and Ref. [3].

The flammable and explosive properties were detexthbn the standard equipment by the
method of GOST 12.1.044-89 [4]. Lower explosionilithEL) for 5-ALA hydrochloride was
determined using a blasting cylinder made of hagdeglassThe very essence of the measure-
ment method is the ignition of an air-dust mixtheving a predetermined concentration in the
volume of a reaction vessel and the subsequentai@h of the results of ignition. When deter-
mining the LEL, a concentration regime is identfia which the possibility of ignition is en-
tirely probable (so called “unstable ignition regiin The ignition and autoignition temperatures
were determined using the device described in @8TG- OTP device. With its help, the spec-
ified mass of matter is heated with a periodicratteto ignite evolved vapor (ignition source is
not used if we need to determine thesi which is the lowest temperature at which dust can
ignite, when given an ignition source) with visaahluation the ignition results. Another device
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from GOST (OTM) allowed to determine a group offlaability for the 5-NLC hydrochloride.
The simultaneous thermal analyzer NETZSCH TG/DS@ 849 F3 Jupiter was used to obtain
the thermal characteristics of the samples.

2 Experimental

Before the start of the experiments and calculattbe chemical structure of the substances
was confirmed using the IR spectroscopy method. ddta were obtained with a Nicolet 380
FT-IR spectrometer. The references of the speotra warried out using [5] and [6]. The pres-
ence of appropriate absorption bands proved theniclaé structure of matter.

For the 5-NLA methyl ester there were found theoaption bands of the nitro group
O:N— (1211 and 1368 ci), as well as the characteristic elements of thecstre —CH—
C(0O)—CH, (1731 cm') and C-O-C (1173 c). For the 5-ALA hydrochloride in addition to
bands of structural groups, characteristic amirid absorption bands were found (2555%m
2580 cm* and 1311 cm), as well as absorption band of hydroxyl groupl(@&1t), for the
previously mentioned group that is shared by batistances —CH—C(0)—CH (1727 cmf)
and for the -€H>—COOH (1739 cn).

The study of temperature characteristics of theLB-Aydrochloride by the DSC method
showed (Figure 1) that at a temperature range 21®J°C there was a mass-loss jump (27% by
weight) which is accompanied by endothermic eveptesumably there an act of starting de-
composition takes place, which manifests itsethenform of detachment of a highly toxic group
HCI(g) (points A-B).

Exothermic event starts at 290 — apparently, due to thermal oxidation of the orggoairt
of the molecule. The maximum of exothermic evemttiserved at 56% (point C), what prac-
tically coincides with the kindling point of thelsstance (578C).

As shown on Figure 2 and Table 1, 5-NLA methyl esti¢tially melts and evaporates when
heated, further at (242-269) starts exothermic event (point A), which happepsaaently due
to the separation of the group B@ rather weak bond-NOy). Thermooxidation of the matter
decomposition products with the maximum of exotheravent begins at (450-518Y. This
range coincides with the value of the substancdlikig point (495°C).

3 Resultsand discussion

Values of In ¢/T%mayand 1/T were also calculated to draw a straiglet IPerivation of the
equation for this line (as well as its drawing) eperformed with Microsoft Excel by the method
of linear approximation (Figure 3).Slope of suctelis E/R where’s Eis activation energy and
thereby we can easily highlight it. The free temthie equation is In (AR4Efrom which we can
determine Ig A.

As aresult of calculations using the Kissingerhoet the following kinetic parameters were
obtained: E= 171 kJ/mol, Iy A = 14,2

Software package REAL [12] was used to calculatarpaters of explosive transformation
of 5-NLA methyl ester (heat of explosion for exae)plThe magnitude of 5-NLA methyl ester
heat of explosion was 713 kJ/kg.

Estimated Fash, Or temperature, at which the exponential grovitthe explosive reaction
rate starts, were carried out according to a foanttuht follows from the solution of the problem
of thermal explosion in convective heat exchangé tie surrounding medium [13]. Consider-
ation of this problem is an integral part of thentmstion and explosion theory [14]. See equa-
tion 1.

1127



New Trends in Research of Energetic Materials, Czech Republic, 2018 [Content]
16/mg DSC/ mW/mg
1 exo
167,50 °C C
60
' N
50
40
I mass loss -16,25 mg 10
20
10
g 0
-10
100 200 300 400 500 600 700 BOO 800
Temperature [°C
Figure 1: Thermogram of 5-ALA hydrochloride (heating rate°0per minute).
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Figure 2: Thermogram of 5-NLA methyl ester (heating rat&2er minute).
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Table 1: Results of thermograms decoding for 5-NLA methyées

. . Initial tempera- Maximum Exothermic pro-
Heat rate, Melting point, ture of exother- temperature cess maximum
°C/min °C - of exothermic
mic process’C peak at°C
process:C

2 44 242,7 257 450
5 47 260,6 273 475
10 50 263 282 510
20 40 268,7 287 490

-13,5

0,00178-.0,0018 0,00182 0,00184 0,00186 0,00188 0,0019
-14 2 a 0,001785714;-13,75448586
-14,5
S N§ 0,001801802;
s-15 -14,4296957
=
= 0,001831502;
-15,5 -15,0901446 0,001886792;
-15,94695139
-16 I
-16,5 1/Tmax
Figure 3: Straight relationship betwedzmTf’ and —— for 5-NLA methyl ester.
E
Tflash = eVdBEQ 1)

R '11172
SNwk-RTZcy

where: Tash— flash temperature, K& — activation energy, cal/mol& — universal gas constant
e — base of natural logarithms (critical value of tH.N. Semenov’s criterionl] — spherical
vessel diameter, cm; ¥ volume of the vessel in which the flash occuxkéh as a sphere), gm
B — pre-exponential factor, Q = 0.5, Qeat of decomposition (half the heat of explosbm
constant volume), cal/@ — cooling surface area of the vessel?diu — Nusselt number —
coefficient of thermal diffusivity, chts; c, — heat capacity at constant volume, caKjg-

It was assumed that the experiment is carriedroattest tube with a 15 mm diameter (d).
For organic mattec, = 1,255 J/(g-K) = 0,3 cal/(§), x = 10 cn/s.

5-NLA methyl ester fash, calculated with Nu=15 (Figure 4) was 496 K (229, which is
close to this matter’s initial temperature of tkkethermic decomposition (515 K or 24Q).

A detailed description of thendsh calculation for disperse nitro dyes is given irf. RE5].

Low Trash Of 5-NLA methyl ester (188C) in comparison with initial temperature of exo-
thermic process (458 K or 242) can be explained by the high fusibility of thdstance — it
can be observed at (42-48). At this temperatures, intensive evaporation efghbstance fol-
lowed by formation of combustible vapors takes plate thermal action leads to ignition then.

The obtained data on the flammable and explosigpgsties of the investigated substances
are given in Table 2, from which it can be seen BhblLA methyl ester is a combustible sub-
stance. LEL was not determined for it experimegta#l its melting point is only 42. Never-
theless, we calculated it and its magnitude — #4&.g/
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Figure 4: Calculated Fash
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Table 2: Flammable and explosive properties of 5-ALA hydilodlde and 5-NLA methyl es-

ter.
Properties
Maxi- Maximum Lower
Initial tem- mum ex- rate of ex- explo-
Substance perature Qf Thiash _Aut0|gn|- plosion plosion sive Flamma-
exothermic oC tion temper- ressure| Pressure imit bili-t
processiC | ’ ature,°C press rise Y
il Pmax, (dP/df) * LEL,
max
kPa MPa g/m?
5-ALA hy- not Hardl
1 Y 290,7 | 305 575 - - | found up y
drochloride flammable
to 500
2| SNLAme- 242 185 495 671 50,3 48* | Flammablle
thyl ester

* — properties obtained by calculation methods [4];

** _ jnitial temperature of the intensive exothetadecomposition determined by DSC with
heat rates 2@C/min for test subject 1 and@min for test subject 2.

Calculation methods were used to determine theaggids of formation and combustion of
the substances; results are given in Table 3.
Table 3: Enthalpies of formation and flammable propertidsis for 5-ALA hydrochloride

and 5-NLA methyl ester.

Substance
Calculation method 5-ALA hydrochloride | 5-NLA methyl ester
AfH®O, kcal/mol
group contribution method -112,53 -123,2
BGIT -136,8 -141,2
ChemOffice -136,2 -138,5
Mean -128,5 (-155,2%) -134,3 (-157,55%)
AHocomk, M\]/kg
Hesslaw -14,49 -17,07
Konovalov-Handrick method -14,80 -16,81

* — the enthalpy of formation considering phasengitions.

Enthalpies of combustion calculated by means ofH#es are recommended as more relia-
ble for use as reference values.
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4 Conclusions

The study revealed that 5-NLA methyl ester belaiega group of substances prone to ex-
plosive transformation.

The data obtained on the flammable and explosiopasties of new organic compounds are
of great practical importance. From the pool okegsh results a report was made for the man-
ufacturer — Federate State Unitary Enterprise €&8&tience Center “NIOPIK”. Authors hope
that the results of the research will help entregues to create a proper explosion safe work
environment, design and develop technological ees taking into account the required pre-
cautions.
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