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Abstract

Ethyl diazoacetate (EDA) is an important organic chemistry synthon, but its use as an industrial intermediate is limited due
in part to the safety concerns associated with its instability and high reactivity. In a continuing effort to understand the risk of
employing EDA as an industrial reagent, the thermal stability of EDA was studied. Reported are the results of accelerating rate
and differential scanning calorimetry (DSC) experiments. © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

Ethyl diazoacetate (EDA) is an important two-
carbon synthon for organic chemistry [1-13], but
its use as a large-scale, industrial commodity is
limited due to safety concerns. The material safety
data sheet [14] indicates that this reagent is shock
sensitive, flammable and toxic. EDA is also known to
be chemically reactive [1-13], thermally sensitive
[15] and has been reported to decompose upon heat-
ing or distillation [16,29]. In a continuing effort [17—
23] to understand the risk of employing EDA as an
industrial reagent, accelerating rate calorimetry [24—
26] and differential scanning calorimetry (DSC) [27]
experiments were completed. Reported are the results
of these tests.
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2. Results
2.1. Accelerating rate calorimetry (ARC)

The accelerating rate calorimetry results for various
concentrations of EDA are summarized in Table 1.
The measured curves for each experiment employing
increasing concentrations of EDA are shown respec-
tively in Figs. 1-4. The data indicates that self-heating
starts within a range of 55-100 °C at concentrations
ranging from 11 to 97 wt.%. The maximum self-
heating rate ranges from 0.300 °C/min with 11%
EDA in toluene to 128 °C/min with 97% EDA. Mea-
sured maximum pressure rates were as high as
2280 psi/min. Entry 2 details the results of an experi-
ment in which the sample was held at 40 °C for 48 h
before completing the ARC test. The calculated heat
of reaction appears to be proportional to the concen-
tration of the EDA. Gas analysis of the decomposi-
tion headspace from 97% EDA indicated the major
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Table 1

ARC tests of EDA

Entry EDA Solvent Origin Adiabatic Onset Maximum Heat of
(Wt.%) of EDA temperature decomposition self-heating reaction

rise (°C) temperature (°C) rate (°C/min) (kJ/kg)*

1 11 Toluene Synthesized® 43 100 0.35 178

2 11 Toluene Synthesized“(48 h hold) 47 70 0.25 180

3 31.6 Toluene Aldrich® 117 68 35 516

4 97 - Aldrich® 105 55 130 1560

# Value corrected for phi factor. See Section 3.
® See [14].
¢ See [22,23].

Table 2
Experimental conditions and DSC tests results
Test 20% EDA?* 40% EDA*
DSC scanning rate (°C/min) 5.0 5.0
Sample weight (mg) 3.5 3.7
EDA (wt.%) 20 40
Temperature (°C) onset 98 101
Heat of reaction (kJ/kg) 306 602

# See [28].

products were carbon dioxide (45%), ethane (16%),
and nitrogen (21%). It is reported that high boiling
esters are also formed [16,29].

2.2. Differential scanning calorimetry (DSC)

Two heat flux DSC experiments were completed
studying toluene solutions of EDA. The experimental
conditions and key results are summarized in Table 2.
The measured curves are shown in Figs. 5 and 6,
respectively. The data indicates that self-heating
started at approximately 100 °C. The heat of reaction
appears to be proportional to the concentration of
EDA.

3. Discussion

Analysis of the accelerating rate calorimetry data
suggests that the detected onset temperature is rela-
tively insensitive to concentration; however, the
results clearly indicate that the maximum temperature
rise rate is significantly affected by dilution. Max-
imum temperature rise rates ranging from 0.300 °C/
min for 11% EDA in toluene to 128 °C/min for 97%

EDA were observed. The accelerating rate calorimetry
data show that self-heating is experimentally deter-
mined at a temperature of 55-100 °C and is approxi-
mately proportional to the EDA concentration. The
final temperature varied from 155-185 °C. The adia-
batic temperature rise, which is a measure for the heat
of reaction, is calculated as the difference between the
final temperature and the onset temperature of self-
heating. Thus, it follows that the adiabatic temperature
rise for EDA decomposition is within the range of 43—
117 °C and is approximately proportional to the EDA
concentration.

In order to calculate the heat of reaction correspond-
ing to the measured adiabatic temperature rise, a
correction has to be made for thermal inertia, the
so-called phi factor. The phi factor or factor of thermal
inertia corrects for the fraction of reaction heat that is
required to heat the sample vessel. It is defined as

mV CpA,V
¢ b ms mg Cp,s
where ¢ is the factor of thermal inertia or phi factor;
mg the mass of sample (kg); Cp s the specific heat of
sample (J/kg); m, the mass of bomb (kg); C,, the
specific heat of bomb [J/kg].

By using this estimation, the heat of reaction of an
11% solution of EDA (Table 1, entry 1) is calculated to
be 178 kJ/kg. This implies that the final temperature
corrected for thermal inertia of the reaction might
become 189 °C, provided that no sequential reactions
occur that increase the temperature range. The calcu-
lated heat of reaction for other concentrations is
recorded in Table 1. In all cases, it appears that the
heat of reaction is proportional to the concentration of
the EDA.
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Fig. 1. ARC curve for 11 wt.% EDA in toluene.
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Fig. 2. ARC curve for 11 wt.% EDA in toluene after an isothermal hold of 40 °C for 48 h.
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Fig. 3. ARC curve for 31.6 wt.% EDA in toluene.
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Fig. 4. ARC curve for 97 wt.% EDA in toluene.
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Fig. 5. DSC curve for 20 wt.% EDA in toluene.

Further analysis of the stability characteristics of
EDA by DSC showed that the detected onset tempera-
tures in both experiments were in good agreement with
the results obtained in the ARC experiments. However,
since the detected onset temperature is an equipment

dependent parameter (affected by the accuracy or
detection limit of the equipment), scaling of the onset
temperature must be regarded as highly unreliable.
Heat of reaction using DSC again showed good
proportionality to the concentration of EDA. A heat of
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Fig. 6. DSC curve for 40 wt.% EDA in toluene.
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reaction of 168 kJ/kg was calculated for a solution
with an EDA concentration of 11% in toluene. This
value is in good agreement with the heat of reaction
calculated from the corresponding ARC experiment
(178 kJ/kg) with the same EDA concentration.

The measured curves in the DSC experiments show
the same non-symmetric characteristics. This indi-
cates that the decomposition of EDA does not proceed
by a simple nth order process. The decomposition
more probably proceeds by a complicated series or
sequence of reactions. The gas analysis data from the
ARC study may support this observation.

4. Conclusion

Thermal stability test for various concentrations of
EDA were completed. The results indicate that the
EDA onset temperature is approximately 100 °C and
not significantly impacted by dilution. The maximum
temperature rise rate is significantly affected by dilu-
tion ranging from 0.3 °C/min for 11% EDA in toluene
to 128.5 °C/min for 97% EDA. The results of DSC
correlate well with the accelerating rate calorimetry.
Employing either calorimetric method indicates that
the heat of reaction for decomposition is proportional
to the EDA concentration.
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