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SOLUTION THERMOCHEMISTRY OF DIETHYLt~~lXONiU~I 
DIETHYLDITHIOCARBAMATE 

Calorimetric data for metal dit.hiocarbamate complexes are sparse and for 

dialkylammonium dialkyldithiocarbamates such data are non-existent. Ber- 
nard and Bore1 [ 11 have published calorimetric dat.a yielding standard heats 

of format.ion of bis(dithiocarbamato) Pb(II), Zn(Ii) and Cd(H) and _Annuar 
et al. [2] have reported the enthalpy change at 303 K for the st.andard st.ate 
solid phase complesation reaction 

FeCl,(c) + 3 NaS,CN(C,H,),(c) -+ Fe[ S,CN(C,Hi),],(c) + 3 NaCl(c) 

1Ve have recently reported the enthalpy of sublimat.ion of diethylammonium 
diethyldithiocarbamate [ 31 based upon vapour pressure/temperature data as 
derived by the XIelia/Merrifield sublimation bulb t.echnique [A] _ This note 
reports the standard enthalpy of formation of clit~thylammo~~iunl diethyldi- 

thiocarbamate as derived by soiution calorimt~try and t.he heat. of formation 
of gaseous diethylammonium diethyldithiocarbrtmate is calculat.ed. 

ESPERI>IENT_-\L 

Diethylammonium diethyldithiocarbamate was synthesised according to a 

published procedure [ 51 and purified by repeated sublimat.ion. Melting 

point. = 83-84°C; microanalysis: calculated for C,H,,N,S, : C : 48.6; H : 
10.0; N : 12.6; S : 28.8%; found C : 48.5; H : 9.7; N : 12.5; S : 28.6%. 

Reagent grade CS-, (May and Baker) was dried over anhydrous CaCl, and 

fractionally distilled. The b.p. fraction 46-47” C was collected. Diethylamine 

(BDH) was dried over KOH pellets and fractionally distilled. The b-p. frac- 
tion 54-55°C was collect.ed. Dioxan was purified according to the well- 

established procedure [ 61. 
The isoperibol reaction calorimeter used was the Tronac Model 450 Ther- 

mometric Titration/Reaction Calorimeter (Tronac Inc.: Orem, Utah, U.S.A.). 
The calorimeter was a rapid-response, glass vacuum dewar of 40 cm3 capa- 

city. An all-glass stirrer/ampoule beaker was employed and glass ampoules of 

0.5 cm3 capacity were used. The thermostat bath was maintained at 25.00 f 
O.OOl”C by employing the Tronac Model 1040 Precision Temperature Con- 
troller. Potential measurements were made using a Systron-Donner Model 

7005-4 Digital Voltmeter and thermograms were recorded using a Perkil:- 



Elmer 56 multi-range strip-chart recorder. The well-defined st.andard proce- 
dure [7] for the r-easurement of enthalpy change was adopted. The calori- 

mbtric system was calibrated electrically by the st.andard procedure and the 

total heat. capacity of the calorimeter and contents, E, was calculated accord- 
ing to the equat.ion 

where Vi and V, are the potential differences (volts) across the series standard 

resistance R, = 100.0 !LZ and across the calorimeter calibration heat.er, respec- 

tively; t (set) is the calibration heating period and 0, is proportional to the 

corrected t.emperat.ure rise during electrical calibration. For t.he reaction of 
interest AH,, = dl Iitz ;’ where OH is proportional t.o the corrected temperature 
change for the reaction as determined by Dickinson’s graphical method [S] 
and rzK is the number of moles of the reactant defining unit reaction_ The 

system was chemically calibrated using the thermochemical “TKAhl” test. 
reaction -- the measured AK+i,5_.,,, = -29.75 ir 0.0s kJ mole-’ based on five 
cleterminat.ions: the accept.ed best. Af5F;:_..x1 = -29.757 + 0.008 kJ mole-’ 
[9] _ The system was also calibrated using t.he dissolution of potassium chlo- 
ride in water as a standard test, reaction - the measured ;1Hj?k’), = 17.55 2 
0.12 BJ mole-’ based on five determinations: t.he accepted best. ?&!;9,s, = 

17.543 + 0.012 kJ mole-’ [lo]. U ncertainty intervals associated with AH 
dat.a are quoted as twice the standard deviation of the mean [ ll]_ 

RESULTS XXD DISCL’SSION 

The heterogeneous stoichiomet.ric react.ion 

G,(I) + 2 (CI-I;Cl-Iz),SH(l) + - (CH3CHz)INH2 - S,CN(CH,CH,),(c) 

was used as the basis for calculation of the standard heat of formation of 
diethylammonium cliet.hy1dit.hiocarbamat.e. All three comp0nent.s of the 

reaction dissolved instantaneously at 29s K in diosan. The relevant thermo- 
chemical cycle is given in .Scheme 1. 

=fS* 7 -1Hs2 and AHs3 were measured experimentally. The concent.ration 

of each component was maintained within the range 10e3 to lo-” TV1 and 
t.herefore all measured heat,s correspond to the infinite dilution values. Since 

strict control of stoic,hiometx-y is maintained throughout, solutions S and S’ 
(Scheme 1) are t.hermodynamically eqtiivalent and thus 

AH, = AH,, + 22JI,, - AHs3 (1) 



Ampoules were loaded with pure liquicl carbon disulphide (0.2 - 0.4 
mmoles), and were broken int.o 10 cm3 of diosan in the calorimetrr vessel. 
Data yielding _UIk~~s are @en in Tables 1 and 2. 

De term iiza tion of _l.H~~’ 

Ampoules were loaded with diet.hylamine (0.3-0.6 mmolc~s). The calori- 
meter was filled with a solution of carbon disulphide in diosan (lo-’ II). 

Dat,a leading to _Ufi:’ are recorded in Tables 3 and 4. 

a &1:;’ = ‘2.1-l 2 0.12 kJ mole -’ for the reaction CS,(I) + CS~(soIn) 
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TABLE 3 

Heat capacity data. Reaction of diethylamine with carbon disulphicle 

CaIibration 
no. 

Heat c:BFacity 
E (amp set) 
‘.’ 1 0 3 

Determination of -lH~~S 

Ampoules were loaded with ground diethylammonium diethyldithiocarba- 

mate (0.01-0.06 mmoles) and were broken into 30 cm3 of diosan. Calori- 

metric data leading to k%g~’ are recorded in Tables 5 and 6. 

Ileteriniizatioiz of the staiidard heat of formatiori of dietJi~lalnr120r2irtnz 
diethyIdithiocarbamatc 

Substituting AH;:“, _lHzPS and -1Kg,i:’ in eqn. (1) yields Ac9’ = -81.1 2 

3.2 kJ mole-’ (C2H,),I\ITH,S~CN(C7_H,),. 
The foGowing standard enthalpies of formation were taken from the 

literat.ure. Carbon disulphide: 89.66 (k-0.71) [ 121: diethylamine: --103.68 
(~1.21) [13] kJ mole-‘, respectively. Hence MC (C1_EII;)7NII~S~CN(C,H,)2 = 

-198.8 f 4.1 kJ mole-‘. 
The enthalpy of sublimation of diethylammonium diethyldithiocarbamate 

has been reported as 111.8 5 3.0 kJ mole-’ [3] and thus the enthalpy of for- 

mation of gaseous diethylammonium diethyldit.hiocarbamate is -87.0 ? 4.6 

kJ mole-‘. 

TABLE -! 

m5zy data. Reaction of diethylamine with carbon disulphide i1 

Run 
no. 

Diethylatiine OK AH;;” 

(mv) (kJ mole-’ ) 

w? ‘1 K 

1 31.669 0.43299 13.05 -11-1.0s 
‘> 3 “4.335 30.60s 0.41549 0.3313.5 10 1 3.15 .-I 0 -113.37 -116.5.5 

4 4-I.OSG 0.602Ti6 1 s-70 -1 11 .-I5 
5 3i.Al5 0.5 1155 16.10 -113.79 
6 33.156 0.4533’7 l-I.90 -113.3s 

a ~~i;zg” = -113.8 z 1.4 kJ mole-’ = (CHJCH?)zNH, for the reaction 

CS,(soln) + 3(CH;CH2)1KH(I) -+ (CH3CH2),NH2 - S2CN(CHzCH~),(soln) 



TXBLE 6 

_u{;;” data. Dissolution of ciiethylamn~o~~iu~n clic!thg’tdithic~c:~rt~:~matt~ in diosan ‘I 

Run Diethg-Iammonium dicbthyt- 0 I2 Arig;” 
110 tlithioc;lI-t,nmatt~ (niV) (k-J motto- ) 
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