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ABSTRACT 

Thermal decomposition of three dithiocarbamste species has 
been studied by TG, DTG and DTA methods. The mechanism of it 
has been proposed and activation energies as well as reaction 
orders have been calculated. 

INTRODUCTION 

Some salt of ethylenebisdithiocarbamate acid are known as 

effective fungicides, e.g. zinc or manganese salts. The thermal 

properties of these compounds were investigated by several aut- 

hors [1,2], however , those of ethylenebisdithiocarbamate acid 

/H2EBDTC/, its diammonia salt / /NH4/2EBDTC / dnd fi-amino-ethyl- 

dithiocarbamate up to now have been unknown. 

EXPERIMENTAL 

C h e m i c a 1 s. Acid H2EBDTC was prepared by adding of H2S04 

to Na2EBDTC.6H20 water solution. The precipitated white crystals 

were filtrated and dried at ambient temperature in an exsiccator 

with P4010. The found /calculated/ composition is. F C - 22.50 

/22.62/, % N - 13-17 /13.19/, B H - 3.86 /3.79/. 

/NH4/2EBDTC was prepared in solid state by the decantation 

of /NH4/2EBDTC water solution by aceton until the white crystal- 

line matter falls out. The found /calculated/ composition is : 

NC- 19.72 /19.49/, % h' - 21.90 /22.74/, ;t H - 5.58 /5.73/. 

/3-amino-ethyl-dithiocarbamate was prepared by the vacuum 

evaporation of /NH4/2EBDTC water solution at 60-70°C and recry- 

stallization of the obtained light yellow crystalline matter. 
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The found /calculated/ composition is : % C - 27.04 /26.45/, 

BN- 20.85 /20.56/, !Z H - 6.13 /5.92/. 

I n s t r u m a n t a t i o n. The thermal decomposition re- 

cords were obtained by Derivatograph OD-102 /MOM, Budapest/ 

with photographic registration. The weighted amount was 100 

mg in all measurements, A1203 was used as a standard. The 

temperature scan was O°C per min, the temperature range was 

20-600%. All measurements were performed in nitrogen atmos- 

phere. 

RESULTS AND DISCUSSION 

Rrom the course of TG, DTG and DTA curves at the ther- 

mal decomposition of acid H2BBDTC it can be seen that the de- 

composition proceeds in four endothermic processes with the 

following relative mass decrease values : 32.0, 2O.C, 30.5 

and 17.5 4;. 

If we consider the first process /50-llO'C/ as a relea- 

sing of one molecule CS2 and the second one /80-130°C/ as a 

releasing of one molecule H2S, the theoretical relative mass 

decrease value are 35.85 and 16.04 7~ respectively. 

The small difference between the experimental and theore- 

tical values is caused by the difficulty in the individual re- 

actions separation. The final product of the two above mentio- 

ned steps is ethylenethiourea /STU/ which decomposes in the 

third process /180-240°C/ into HSCN /theoretical decrease va- 

lue is 27.80 W/ and aziridine C2H5N. The last reaction is the 

decomposition of aziridine under formation of NH3 and C2H2 at 

4OC-540°C /theoretical decrease value is 20.31 4J. 

The thermal decomposition of acid H2EBDTC can be written 

on the whole as follows : 

Step 1 CH2-NH-'-S-H 8 

~H~-NR-~-S-H 

-cs* 
+ 

CH -NH2 
I 2 

50-llo"c CH2-hH-CM-H 

p -amino-ethyl-dithio- 

carbamate 



Step 2 CH -NH2 
I 2 
CH2-NH-CS-S-H 

Step 3 

Step 4 YH2, 

CH2 
/ NH 
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-H2S 
t 

ao-13ooc 

-HSCN 

180-240°C- 

& 
400-540°c 

The activation energy values 

re calculated according to Freeman 

tion /I/ by least-squares methods. 

where E* 

wr = wc-w 

tive mass 

The 

-??/R .a/T-'/ + 

Aln wr 

- activation energy, R - 

CH2-NH, 

k2-NH' 
c=s 

ETU 

72, 

CH2 
/ NH 

azirfdine 

NH3 + C2R2 

and the reaction orders we- 

et al. [3] from the equa- 

a = gln dw/dt 
/l/ 

A ln wr 

universal gas constant, 

/W - total relative mass decrease, w - actual rela- 

decEease/, B - reaction order, T - temperature. 

!? and 11 values and their standard deviations were 

calculated with the aid of program C17DTG and are presented in 

Table 1. 

The thermal decomposition of /NH4/2EB3TC consists of three 

endothermic separate processes with the relative mass decrease 

values 55.5, 26.0 and 18.5 %. 

Common splitting off H2S, CS 
i; 

and 2NH3 under BTU formation 

is the first reaction step /70-150 C/ since good agreement bet- 

ween the theoretical /58.54 %/ and the experimental /55.5 %/ 

value of mass decrease was found and because of analogy with 

the thermal decomposition of acid H2EBlITC. 

The second /150-300°C/ and the third /320-550°C/ reaction 

is identical with the third and fourth one observed at thermal 

decomposition of acid H2EBDTC. The calculated mass decreaee va- 

lue for the second reaction is 23.99 %, for the third one 17.47 

%. The calculated E" and B values are presented in Table 2. 
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The thermal decomposition of fJ-ammo-ethyl-dithiocarbamate 

proceeds in three steps which confirm the suggested thermal de- 

composition of acid H2EBDTC and /NH4/2EEiDTC as well. 

The first step /130-140°C/is ticubtedly the releasing of 

H2S under ETU formation /found 24.0 %, calculated 25.02 %/. The 

second step /230-300°C/ is the releasing of HSCN from the mole- 

cule ETU /found 47.0, calculated 43.37 %/. The third step /340- 

600°C/ is the decomposition of aziridine into NH3 and C2H2 

/found 29.0 8, calculated 31.61 %/. 

The temperature ranges in which the above described reacti- 

ons proceed confirm also the proposed mechanism in the H2EEKITC 

and /NH~/~EBDTC decomposition. The calculated Ex and 8 values 

are presented in Table 3. 

Table 1. Thermal decomposition of H2mDTC. 

Table 3. Thermal decomposition of ,3-amino-ethyl- 

dithiocarbamate. 
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