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Pyrolysis of 1-phenyl-3-pyrazolidinone (phenidone) was examined in static air atmos- 
phere by the conventional dynamic heating technique in a derivatograph. The thermal 
stability of 1-phenyl-3-pyrazolidinone, its melting point and the kinetic parameters E, A 
and n of the first partial process of the pyrolysis at different heating rates were determined. 
It is shown that the thermal decomposition of 1-phenyl-3-pyrazolidinone in the presence of 
oxygen is a rather complicated process composed of several overlapping reactions. The 
pyrolysis is influenced by the conditions of thermal analysis. 

l-Phenyl-3-pyrazolidinone (phenidone), CRH 10N2 O (I) is a white crystalline com- 
pound. Due to its strong reduction properties and some other specific qualities [1] it 
has found wide application in photography, chemical industry and medicine. 1-Phenyl- 
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0 
-3-pyrazolidinone is widely applied as an effective stabilizing agent to many chemical 
compounds [1 -5 ] ,  an agent inhibiting corrosion [1] and an analytical reagent in 
chemical and medical laboratories [1] and it can be used to synthesize many chemical 
compounds [1, 6]. Lately, the complexes formed between l-phenyl-3-pyrazolidinone 
and metal ions were investigated [7-10] .  It has been found that various temperature 
conditions were needed to synthesize some of these complexes and it was necessary 
to know the thermal stability range of 1-phenyl-3-pyrazolidinone to analyse the 
thermal decomposition processes of these complexes. 

Since the thermal decomposition of 1-phenyl-3-pyrazolidinone has not been in- 
vestigated by researchers and only the effect of the moisture content on its flamma- 
bi l i ty  has been analysed [11], we undertook the task to determine the thermal stability 
range of this compound and investigated the effect of the heating rate on its decom- 
position in static air atmosphere. 
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Experimenta I 

1-Phenyl-3-pyrazolidinone (pure) produced by Reachim (U. S. S. R.) was taken for 
the investigations. Examinations of the pyrolysis were carried out by means of a 
Derivatograph 1000/1500 ~ of the Paulik-Paulik-Erdey system produced by the 
Hungarian Optical Works (MOM), Budapest. The recording device of the apparatus 
allowed to investigate simultaneously the mass change of the sample (TG), the rate 
of the mass change (DTG), the temperature of the sample (T) and the thermal changes 
that occurred in the sample (DTA), all vs. time (t). 500 mg samples of l-phenyl-3- 
-pyrazolidinone were used. The samples were placed in an open corund crucible and 
were examined in the presence of air. ~-AI203 (corundum powder) was used as the 
reference inert substance. The simultaneous TG, DTG, DTA and T curves were re- 
corded in the conventional way at a heating rate (/3) of 20, 10, 5, 2.5, 1.25 and 
0.6 deg �9 min -1 . The investigations were carried out up to 1273 K, but when/~ was 
0.6 deg �9 rain -1 the sample could be heated only up to 773 K. The sensitivity of the 
balance was adjusted to 500 mg/100 divisions with the weighing accuracy -+0.2% for 
the TG curves. The rate of tape feed (u) on the recorder was 1,2 or 5 mm/min and it 
was chosen in dependence of the succession of the partial processes of the pyrolysis 
on the DTG and DTA curves at different heating rates. We repeated every measure- 
ment in order to obtain information regarding the reproducibility of the curves. 

Results and discussion 

The thermoanalytical curves of the pyrolysis of l-phenyl-3-pyrazolidinone recorded 
in the conventional way in the static air atmosphere are presented in Figs 1-3. Ad- 
ditional broken line DTA and DTG curves in these figures have been traced in from 
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Fig. 1 Simultaneous TG, DTG, DTA and T curves of 1-phenyl-3-pyrazolidinone in static air atmos- 
phere: mo--500 mg, TG=500 mg, DTG---1/15, ( - - -  DTG=I/1) ,  DTA=I /5 ,  

=20deg. m i n - l , u = S m m *  min-1 
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Fig. 2 Simultaneous TG, DTG, DTA and T curves of 1-phenyl-3-pyrazolidinone in static air atmos- 
phere: m0=500  mg, TG=500  mg, DTG= 1/5, ( . . . .  DTG= 1/2), ( . . . . .  DTG=, 
1 / 1 5 ) , D T A = 1 / 5 , ( - - - - - D T A = 1 / 3 ) , / 3 = 5 d e g  �9 m i n - l , u = 2 m m ,  min -1  

0 T ~  
1o ~ ~273 ~ 
20 /'- ...... 

40 i ~ 1073" B 
60 _ I I 973 
70 873 

773 ;z 80 1673 
90 573 

100 473 
T ~ ' ' ~ " - - - - I  I I ~ I I - 373 

0 50 100 150 200 250 300 350 400 450 500 
Time, rain 

Fig. :3 Simultaneous TG, DTG, DTA and T curves of 1-phanyl-3-pyr"azolidinone in static air atmos- 
phere: toO=500 mg, TG=500  mg, D T G = I / 1 ,  D T A = I / 2 ,  ( . . . .  DTA= I /1 .5 ) ,  
~=  1.25 deg �9 m i n - ] , u  = 1 mm �9 rain -1 

some of  the thermal curves which are not included in this work.  These curves, re- 
corded w i th  d i f ferent  sensitivities of  the galvanometers, al low for a better i l lustration 
of the pyrolysis of 1-phenyl-3-pyrazolidinone. 

Table 1 presents the data that describe the thermal stabi l i ty range of  1-phenyl-3- 
-pyrazolidinone, its melting point  and the first partial process of the pyrolysis, i.e. the 
decomposit ion of  the compound. 

l -Phenyl-3-pyrazol idinone is thermal ly  stable up to 395 K. In the range of  
393 -398  K it melts and a dist inct  endothermic peak is observed on the DTA  curve. 
The min imum of  this endothermic peak determines the melting point  of  the com- 
pound [12].  The melting point  at 394 K for/3 = 1.25 deg ~ min -1  is identical w i th  the' 
l i terature data [1]. 
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Table I Thermal stability, melting point and decomposition of 1-phenyl-3-pyrazolidinone as 
indicated by the thermoanalytical curves 

Properties and changes 
Heating rate, ~, deg �9 min - I  

20 10 5 2.5 1.25 0.6 

Thermal stability range, K 

Melting (the endothermic 
peak), K 

Melting point, K 

The rapid decomposition, 
K 

Mass loss due to the rapid 
decomposition, % 

The residue in the crucible 
that undergoes further de- 
composition, % 

End of all the transforma- 
tions, K 

Total mass loss read from 
the TG curve, % 

to 418 to 409 to 396 to 395 to 399 to 409 

381+493 389+493 391+463 393+431 388-409 386+398 

421 411 402 399 394 391 

418+672 409+653 396+627 395+598 399+568 409+532 

88.0 85.2 81.4 78.0 73.0 67.0 

12.0 14.8 18.6 22.0 27.0 33.0 

not deter- 
1153 1023 933 873 813 

mined 

not deter- 
95.0 92.8 90.8 87.0 83.0 

mined 

When melted, 1-phenyl-3-pyrazolidinone undergoes decomposit ion, which is a 

rather complicated process. When the heating rates are high, the process is observed 
as a very rapid one (when/3 was 20 deg �9 min -1  we had to apply DTG = 1/15) and it 

is quite slow when/3 = 0.6 deg �9 min -1  (DTG = 1/1). Decomposit ion of 1-phenyl-3- 

-pyrazolidinone takes place in a wide range of  temperature. This range is the largest 
for/3 = 20 deg �9 min -1  and gets narrower when the heating rate is decreased. 

The TG curves indicate (Figs 1 -3)  that the whole process of pyrolysis of  1-phenyl- 
-3-pyrazolidinone is characterized mainly by two stages. These stages are very distinct 

on the TG curves and their  complex character is proved by the DTG curves. The DTG 

curves indicate that the first stage, i.e. the ini t ial  decomposit ion of l-pnehyl-3- 

-pyrazolidinone is composed of some partial processes. They are observed from about 
400 K to 593 K w h e n / 3 - 0 . 6  deg �9 min -1  and to 769 K when/3 = 20 deg �9 min - 1 ,  

and they are characterized by the loss of mass of 70 to 90%, respectively. When 

/~ = 20 deg ' rain -1  only two overlapping reactions can be observed on the DTG 

curves (Fig. 1) and the rate of the second one is higher (the maximum rate of  de- 
composit ion (dm/d t )ma  x is observed at 591 K). On decreasing the heating rate a 

separation of  overlapping reactions is observed ancl four peaks of  the partial processes 
are indicated on the DTG curves. But when the heating rate is very low, i.e. 
/3 = 0.6 deg �9 min -1  , the partial processes are observed as a single and a very flat, 
wide peak w i th  on ly  a slight inf lexion on  the DTG curve at T = 497 K. 

When 1-phenyl-3-pyrazolidinone decomposes some thermal changes are observed 
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on the DTA curves, i.e. two exothermic changes (the height of the second peak is 
greater and the temperature of its maximum (Tp) exceeds 500 K) and one endo- 
thermic change followed by an intense exothermic reaction. The first two exothermic 

peaks are formed due to the degradation of l-phenyl-3-pyrazolidinone while the 
endothermic peak is observed due to the evaporation of the decomposition products. 
The final exothermic peak is formed when some further decompositions of the 
substances remaining in the crucible take place. In spite of the endothermic changes 
on the DTA curves the total effect of all the partial processes is exothermic. When 

= 2.5 deg �9 rain - ]  and 1.25 deg �9 min -1 (Fig. 3) there appears on the DTA 
curves an additional third exothermic peak just before the endothermic one. When 

= 0.6 deg �9 min -1 two of the first exothermic changes are observed as one peak on 
the DTA curve. 

This indicates that when the thermal decomposition of 1-phenyl-3-pyrazolidinone 
takes place in the static air atmosphere four overlapping exothermic processes occur 
and they are accompanied by an endothermic process of the evaporation of the de- 
composition products. The decomposition of 1-phenyl-3-pyrazolidinone is most 
probably bound with the opening of the pyrazolidinone ring and with the degradation 
of the phenyl ring. Furthermore, in the presence of oxygen, these reactions are most 
probably accompanied by some oxidation processes. A precise reaction scheme for the 
decomposition of 1-phenyl-3-pyrazolidinone will be determined after some further 
investigations carried on under inert gas atmosphere are performed together with 
the analysis of the decomposition products. 

The different final mass loss of the samples (mf) observed on the TG curves for the 
various heating rates was due to the deposition of the cooled down decomposition 
products of 1-phenyl-3-pyrazolidinone on the crucible holder. This problem will be 
solved during our further investigations where we plan to analyse also the effect of the 
amount of the sample on the thermal decomposition of 1-phenyl-3-pyrazolidinone. 

When the rapid decomposition of 1-phenyl-3-pyrazolidinone is over, a slow mass 
loss on the TG curves can be observed due to further degradation of the decomposi- 
tion products and weak exothermic peaks on the DTA curves. They can be well 
observed in Fig. 1. Finally, the last stage of the pyrolysis is observed on the thermo- 
analytical curves (Figs 1-3). This process is bound with a low mass loss (ca. 4-7% of 
the initial amount of the sample), and it is accompanied by two very strong over- 
lapping exothermic-partial processes, what indicates that the combustion of the de- 
composition products of 1-phenyl-3-pyrazolidinone (which have remained in the 
crucible) takes place. 

Table 2 tabulates the kinetic parameters E, A and n, i.e. the activation energy, 
the pre-exponential factor and the apparent reaction order of the first partial process 
of the decomposition of 1-phenyl-3-pyrazolidinone during heat treatment in static air 
atmosphere. The kinetii: parameters were calculated by the method of Mas~owska and 
co-workers [13-15]. Although the non-isothermal DTG curves point to the presence 
of more than one reaction (step) in the decomposition process, the consecutive reac- 
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Table 2 Kinetic parameters E, A and n of the first partial process of 
the decomposition of 1-phenyl-3-pyrazolidinone during heat 
treatment in static air atmosphere computed by the least 
square method for the different heating rates 

Heating rate,/~, Kinetic parameters 

deg �9 min -1  E, A, n 

kJ �9 mo l - !  s -1  

20 68.6 3.90 I0 8 0.5 
10 67.7 6.30 10 8 0.7 
5 66.7 1.01 10 9 0.8 
2.5 68.6 1.66 10 9 1.3 
1.25 69.9 2.87 10 9 1.3 
0.6 78.4 2.32 I0 to 0.4 

• 1.5 

1.0 
0.5 

l l J l r  ~. 

c I 2.o ~ ~ 3.o 
- o . s  I/T~ xlO 3 K- 

Ir 

dm T_ I .  Fig. 4 Plots of log ~ vs. --o-o-- # = 2 0  deg �9 rain - t  (DTG = 1/15), - e - e -  8=  

2.6 deg �9 min -1  (DTG = 1/1) 

t ions (steps) seem not to be completely superimposed on the first reaction. Therefore, 

it was possible to calculate the kinetic parameters for  this process. 
dm 1 

in coordinates log ( - ~ - )  vs.--T' K - 1  for  all the curves Linear graphs were plotted 

obtained at di f ferent heating rates, as it is presented in Fig. 4 for  the two values of/~. 

The slopes o f  the straight lines thus obtained allowed to calculate the activation energy 

E by the equation: 

E = - 2 . 3 0 3 R  �9 tg8  (1) 

where R is the gas constant. In fact, on the basis of the straight lines, points were 

selected to compute the activation energy by the least square method in accordance 
dm 1 K _  1 

+ bx ,  where y =  log ~uc-f-3~-=/' x = - ~ -  10 - 3  , and wi th the equation: y = a  
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E 
b - 2.303 R" The values of y and x were taken from figures such as Fig. 4 and the 

values of b were calculated for each of them. The vatue of b enabled calculation of 
the value of E with the equation (1). Constant activation energy values were observed 

for this stage of decomposition when c>~0.92 ( c - A m = -  Am)  Further, the 

linear plot of [log (-~/dm + . . ~ l ~  vs. Iog c was taken into consideration. The 

slopes of the straight lines thus obtained allowed to determine the apparent reaction 
order n and the intercepts on the ordinate gave the value of logA. The least square 
computation method was next applied to the linear dependence. All the results are 
presented in Table ~. 

Conclusions 

4. The 
dependent 
decreased. 

1. The analysis of the thermal decomposition of l-phenyl-3-pyrazolidinone at 
different heating rates/3 allowed to determine its thermal stability range, to analyse 
the stages of its decomposition in the static air atmosphere, to determine the thermal 
processes that were not distinct on all the DTA curves at some of the heating rates 
and, therefore, to reveal the presence of several steps in the process under considera- 
tionl 

2. 1-Phenyl-3-pyrazolidinone is thermally stable up to 395 K. 
3. The rates of the partial processes of the pyrolysis of 1-phenyl-3-pyrazolidinone 

depend on the heating rate ~ and are the highest when/3 = 20 deg �9 min -1 . 
positions of the peaks on the DTG and DTA curves are also heating rate 
and the shift in Tp toward lower temperatures is observed when /3 is 

5. The melting point 394 K read for the heating rate /~= 1.25 deg �9 min -1 is 
identical to the literature data [1]. 

6. The thermal decomposition of 1-phenyl-3-pyrazolidinone takes place in a wide 
temperature interval (above 395 K) and is characterized by a total exothermic effect. 
It is bound with the opening of the pyrazolidinone ring and the degradation of the 
phenyl ring. 

7. The thermal decomposition of 1-phenyl-3-pyrazolidinone in the presence of 
oxygen is a rather complicated process composed of four overlapping exothermic 
reactions accompanied by the endothermic process of evaporation of the decomposi- 
t ion products. 

8. The total mass loss observed for this decomposition exceeds 70% and it is 
heating rate dependent. 

9. In the final stage of the pyrolysis of 1-phenyl-3-pyrazolidinone the combustion 
of the decomposition products that have remained in the crucible takes place and very 
high exothermic peaks are observed on the DTA curves, but the process is accom- 
panied by a low mass loss. 

5 J. ThermalAnal. 29, 1984 



940 GUZEK, MASLOWSKA: PYROLYSIS OF 1-PHENYL-3-PYRAZOLIDINONE 

10. The values of  the k inet ic  parameters E,A and n indicate that  when 1-phenyl-3- 

-pyrazo l id inone is heated in the presence of  oxygen at very low heating rates (/3 = 

0.6 deg �9 rain - 1 )  then its ox ida t i on  occurs and a new substance is formed in the 

crucible. 
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Zusammenfassung - Die Pyrolyse von l-Phenyl-3-pyrazolidinon (Phenidon) wurde mit einem 
Derivatographen in einer statischen Luftatmosph~ire und bei konventioneller dynamischer Auf- 
heizung untersucht. Die thermische Stabilit~it und der Schmelzpunkt von 1-Phenyl-3-pyrazolidinon 
sowie die kinetischen Parameter E, A und n des ersten Teilprozesses der Pyrotyse fiir verschiedene 
Aufheizgeschwindigkeiten wurden bestimmt. Es stellte sich heraus, dal~ die in Gegenwert von 
Sauerstoff verlaufende thermische Zersetzung von 1-Phenyl-3-pyrazolidinon ein ziemlich kompli- 
zierter, aus mehreren sich Liberlappenden Teilschritten bestehender Prozel3 ist. Die Pyrolyse wird 
dutch die Bedingungen der thermischen Analyse beeinflui~t. 

PeamMe -- RHpORH3 1-~eHHn-3 nHpa3onH~tHHOHa (dpeH~AOHa) St, in HcCne/1OBaH C nOMOU4bm 
/~epHBaTorpadpa e CTaTHHecKoI4 aTMOCdpepe BoaAyx8 npH O6blqHOM /1HHaMHqeCKOM HarpeBe. 
OnpeAeneHb! TepMOyCTO~IqHBOCTb coeAHHeHHR, ero TOHKa nnasneHHR H KHHeTHqeCKHe napaMeTpbl 
E, A H n AnR nepBoro qaCTHqHOrO npou, ecca nHponH3a, npoBe/leHHOrO npH paa.rlHqHblX CKOpOCTRX 
HarpeBa. YCTeHOBneHo, HTO TepMHqecKoe paano)KeHHe 1-C~eHHn-3-nHpaaonH~HHOHa B npHcyTCT- 
BHH KHC~OpO.0.a RanReTcR cnO)KHblM npou, eccoM, COCTORU.LHM H3 HeCKO;lbKHX I'IepeKpbl- 
BaK~U.tHXCR peaKU, HH, Rpou, ecc nHponH3a 3aTpaFHBaeTCR yCJ1OBHRMH TepMH4eCKOFO aHaflHaa. 
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