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In  recent years, numerous papers have appeared on the use of dithio- 
earbamates as analytical reagents. As has been known for some t ime ~, 
these compounds possess the important  property of being able to form 
complexes with many  metal  ions. These reactions, the basis of the 
analytical application of dithiocarbamates, have been the subject of 
recent comprehensive review 2. 
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The purpose of the present review is to discuss recent contributions 
to our knowledge of the other important  physical and chemical properties 
of dithiocarbamates (I). Nearly all the papers on these compounds have 
dealt solely with the properties of diMkyldithiocarbamates and little 
mention has been made of the properties of monoalkyldithiocarbamates. 
This is perhaps because of the general instability of monoalkyldithio- 
carbamates and their complexes, as a result of which they have found 
little use analytically. In  this review, it is intended, wherever possible, 
to compare the properties of mono- and dialkyldithiocarbamates. 

* Present Address: Axialytieal Chemistry Department, University of 
Chemical Industries, Veszpr6m, Hungary. 
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Synthesis 

Dithiocarbamates are formed by  the exothermic reaction between 
carbon disulphide and either ammonia or a pr imary or secondary amine 
in the presence of a base. The base may  be an alkali such as sodium 
hydroxide or excess of the amine. The kinetics and mechanism of the 
formation of dithiocarbamates have been studied s-5. The rate of formation 
is inversely proportional to the p~  and it is believed to follow a mechanism 
tha t  is the reverse of the decomposition in acid media6, 7 (Fig. 1). 

Ammonium dithiocarbamate is produced s by  the reaction of ammonia 
and carbon disulphide. The free dithiocarbamie acid can be obtained by 
t rea tment  of the ammonium dithiocarbamate with cold acid. I t  is, 
however, unstable and decomposes to thioeyanic acid and hydrogen 
sulphide. 

Monoalkyldithiocarbamates are formed from the exothermic reaction 
between carbon disulphide and a monoalkylamine; they decompose, 
however, on long standing in alkali. No such difficulty is experienced 
in the preparation of dialkyldithioearbamates. 

I f  a diamine such as ethylene diamine is used, a molecule with dithio- 
carbamate groups at  either end can be obtained [e. g. disodium ethylene. 
bisdithiocarbamate (IV)]. 

s% //s 
Na+ / C - - N I I - - C t t ~ - - C H 2 - - 1 g I - I - - C ~  Na+ 

-S S -  
IV 

The preparation of many  dithiocarbamates from more complicated 
amino-compounds has been described; for these, special conditions are 
often necessary s, 9. 

The sodium salts are extremely soluble in water  and quite soluble 
in ethanol, but  relatively insoluble in non.polar solvents such as ether 
and chloroform. Most of the sodium salts are hydrated. 

Stability in acidic and alkaline solution 

The free acids, which are formed from dithiocarbamates in acidic 
media, are generally unstable; diphenyldithiocarbamic acid is, however, 
said to be stable 1~ Martin n first showed the importance of the decomposi- 
tion of diethyldithiocarbamie acid in the development of methods based 
on diethyldithioearbamate as an analytical reagent;  previously methods 
had been published which advocated the use of diethyldithiocarbamate 
at low PH. However, Bode 12 was the first to examine quantitat ively 
the acid decomposition of sodium diethyldithiocarbamate, t i e  found 
tha t  the decomposition at  constant PH was first order and tha t  the rate 
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was proportional to the hydrogen ion concentration. The half-life of 
diethyldithiocarbamate at pH2 (0.3 seconds) illustrates the extreme 
instability of this compound at low pg. Other dithioearbamates, such 
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as pyrrolidinedithiocarbamate and dibenzyldithiocarbamate, are far more 
stable at low PH. 

Zuman and Zahradnilc6, 7 studied polarographically the kinetics of 
decomposition of mono- and dialkyldithiocarbamates. They found that  
the measured rate constant when plotted against PH took the form of 
a dissociation curve. This is explained by a protonation (Fig. 1, reac. 
tion A) preceding the decomposition (reaction B). The equilibrium B 
can not be measured because of the transfer of protons at A and C. The 
protonated form (III) is decomposed :into the amine and carbon disulphide 
with reaction rate/c. The equilibrium C is so shifted towards RR'NH2+ 
that  the rate of the back reaction/c z is insignificant. By this mechanism, 
they also explained the formation of dithiocarbamates in alkaline solutions 
from the amine and carbon disulphide. 

Monoalkyldithioearbamates were found to be more stable than 
dialkyldithiocarbama'tes in acid Solutions. Indeed the limiting rate of 
decomposition of most dialkyldithiocarbamates a t  low :pH was so high 
that  it could not be measured. This was explained by the steric influence 
of the second a lkyl  group causing a higher strain on the C-N bond. 
Moreover, the monoalkyldithiocarbamates showed a lower p K  value 
than the corresponding dialkyldithiocarbamates. The inductive effect 
of the second alkyl group increases the electron density on the nitrogen 
which stabilises the ammonium form or influences the polarity of the 
S -H  bond; the position of the hydrogen atom in the protonated form (III) 
was not known. 

Zahradn~lc ~8 has studied the kinetics and mechanism of the decomposi- 
tion of dithiocarbamylcarboxylic acids. These follow essentially the 
same mechanism as in Fig. 1 and do not form a thiazolidone ring as was 
observed for dithiocarbamates formed from the amides of amino-acids 
and from peptides. 

The mechanism of decomposition in acid media has been studied 
further by Miller and Latimer 3. By a comparison of the ultra-violet 
spectrum of the acid form of methyldithiocarbamic acid with that  of 
the methyl ester, they concluded that  RR'NCSSH rather than a zwitter- 
ion was the acid form. They found further evidence in the high pK a of 
fl-aminoethyldithiocarbamic acid, the anion of which is stabilised in 
the form V; if the second proton were to attach itself to the nitrogen 
atom, the stability of V would have little influence on the p K  a. Because 
the proton attaches itself to the sulphur atom and because the disruption 
of the stable ring form is unfavourable, fl-aminoethyldithioearbamic acid 
has an anomalous p K  a. 

The initial step in the synthesis and decomposition is therefore the 
transfer of a proton between the nitrogen and sulphur atoms. 

:~likrochim. Acta  1969/1 5 
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On the  basis of conductimetric and potentiometrie titrations of 
sodium diethyldithiocarbamate with acids, S o n i  and T r i v e d i  14 concluded 
tha t  diethyldithiocarbamate is a diaeidie base. However, the second 
inflection they observed in their experimentM curves was probably due 
to the uptake of a proton by the amine liberated in the decomposition 
of the dithioearbamate. 

Dialkyldithiocarbamates are stable in alkaline solution, but mono- 
Mkyldithiocarbamates can undergo a reaction with hydroxide ions. 
W r o n s k P  5 studied the kinetics of this reaction and found that,  at constant 
concentration of hydroxide, it was first order. The rate was not pro- 
portional to the concentration of hydroxide but reached a limiting value 
with increasing hydroxide concentration. This was explained by the 
scheme shown in Fig. 1 (reactions D and E). The p K  of equilibrium D 
appeared to be about 13. No evidence for the nature of the products 
was given. Isothioeyanates, if formed, would undergo a further reaction 16 
to give, monothiocarbamates (Fig. 1, reaction F). 

T u r n e r  and Cordon  ~7 examined the decomposition of sodium methyl- 
dithioearbamate in the presence of air at p~ 9.5 and found tha t  methyl  
isothioeyanate and elemental sulphur were formed. No methyl  iso- 
thioeyanate was formed in the absence of air. 

O x i d a t i o n  

DiMkyldithiocarbamates form is thiuram disulphides on oxidation 
with iodine, bromine, potassium ferrieyanide, i ron(III)  chloride or 
hydrogen peroxide : 

2 R R ' N C - - S -  - ~  R R ' N C - - S - - S - - C N R R '  --l- 2 e- .  
II It It 
S S S 

These thiuram disulphides are insoluble in aqueous solvents. 

I t  is also reported TM tha t  the oxidation of monoMkyldithiocarbamates 
possibly goes further to form the isothioeyanate and elemental sulphur 

RNHC--S- -S - -CNHR --> 2 R N ~ C = S  + 2 H  + -t- 2 S n u 2e- .  
li [I 
S S 
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Wrons]ci 15 examined the iodine t i trat ion of dithiocarbamate and 
postulated two reactions which occurred under different conditions. 

/s--s\ 
2NHsCSS- -~  21.2-->NH C ~  j C = N H - ~ 4 I -  + 2 t t  + 

S--S 

VI 

2 NH2CSS- + Is --> NHsCS--S--S--CSNHs + 9 I - .  

No evidence for the nature of the product VI  was given. 
The aeration of disodium ethylenebisdithiocarbamate has been 

studied by Thorn and Ludwig '9, and has been found to give ethylene- 
thiuram monosulphide (VII), polymeric 1,2-imidazolidinethione (VIII)  
and elemental sulphur. 

C H s - - C H  ~ 
r [ 

N H  N H  
[ [ 

C // \ / c  
S S S 

VII 

N H  N H  N H  
I r ] c\/c% c \  

S S S S S- 

VII I  

The Metal Complexes 

The complexes of dithiocarbamates with heavy metals are prepared 
simply by adding a solution of the heavy metal  to a solution of ammonium 
or alkali metal  dithiocarbamate. These complexes are generally sparingly 
soluble in water but are more soluble in non-polar organic solvents such 
as chloroform, carbon tetrachloride and ether. The lead, zinc and 
mercury(II)  salts are colourless, but  the copper, nickel, cobalt and iron 
complexes are intensely coloured. These intense colours have been made 
the basis of numerous spectrophotometric analytical methods (see for 
example Welcher 2~ Reid 9, Thorn and LudwigS, and Sandell~l). 

As previously mentioned, these reactions have already been covered 
in a review by  Hulanicki ~, to which the reader is referred. The following 
references, not covered in tha t  review, may  also be of interest. 

These dithiocarbamate complexes have the formula (R1R2NCS2)~M 
where M is a bivalent metal. Dialkyldithiocarbamates form only this 
type of complex, but monoalkyldithiocarbamates can form at high p~ 
a further transient complex of the type (R1NCS2)M which decomposes 
subsequently to the metal  sulphide and isothiocyanate 2~. 

(R1NHCS~)sM ~- M s+ -r 2 O H -  --~ 2/~INCSsM ~ 2 H~O 

2 R 1 - - N ~ C : S  ~- 2 MS. 
5* 
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The formation of this second unstable complex is dependent on the 
presence of a proton attached to the nitrogen atom in the dithiocarbamate 
molecule. 

A number of important papers on the properties of dithioearbamates 
of the heavy metals have been published by Akerstr6m. Copper(I) dialkyl- 
dithiocarbamates have a trimeric or tetrameric structure in the solid 
state 23. In inert organic solvents, they have a tetrameric structure, 
whereas silver(I) and gold(I) complexes have hexamerie and dimeric 
structures respectively ~a. Thallium(I) dialkyldithiocarbamates, which 
are dimeric in organic solvents, react with thiuram disulphides to give 
thallium(III) dialkyldithiocarbamates25,2% Similarly the dialkyldithio- 
carbamates of the univalent coinage metals lAg(I), Cn(I), Au(I)] readily 
react with thiuram disulphides to give the bivalent complexes2L Thus 
dithioearbamates have a tendency to stabilise the higher oxidation state 
of the metal, as for example in the blue silver(II) complex, the existence 
of which was proved by ESR 2s. 

The crystal structures of some of the complexes have shown that  
the I~-C bond in the complexes has a partial double-bond character. 
The nickel diethyldithioearbamate molecule (IX) is approximately planar 
and the N-C bond order has been estimated ~9 to be 1.30. In  the copper3~ 31 
and zinc ~2 diethyldithiocarbamate molecules, only the diethyldithio- 
carbamate radical is planar, but  similarly the N-C bond order indicates 
a partial double bond. 

C~H~\ / / s  /s\ /C~H~ 

C~H 5 S S C~H 5 
IX 

Thompson and Moyer ~3 have described the preparation and properties 
of polymeric complexes of ethylenebisdithiocarbamate and hexamethylene- 
bisdithiocarbamate. The polymers were practically insoluble in all 
organic solvents. In dilute solutions, where presumably polymers do not 
form, it has been shown that  two types of complex can form at high pH 34. 
The first, which has a 1 : 1 bivalent metal : ligand ratio, is partially soluble 
in aqueous solutions and gives rise to cathodic polarographic waves. The 
other, having a 2 : 1  metal : l igand ratio, is insoluble in water. I t  is 
unstable and decomposes to give the metal sulphide in the same way 
as the monoalkyldithiocarbamate complexes discussed previously. 

Spectra 
Ultraviolet spectra 

Dithiocarbamates show three absorption maxima in the ultraviolet 
region of the spectrum. 



1969/1] The Properties of Dithiocarbamates 69 

A. A low intensity absorption (log s ~-~ 1.8) at a maximum between 
330 and 360 nm. 

B. A band (log s ~ 4) with maximum absorption between 275 and 
296 nm. 

C. A band (log e ~ 4) with maximum absorption between 240 and 
260 nm. 

Band A was found by J a n s s e n  85 to have the characteristics of an 
n ---n* transition, i. e. the transition of an electron of the lone pair on 
a sulphur atom to an anti-bonding z-orbital. 

Bands B and C were assigned originally by Koch  ~6 to the S - - C = S  
group and N - - C  =S group, respectively as a result of a comparison of 
the spectra of the dithiocarbamates with tetramethylthiourea. Later, 
J a n s s e n  ~5 showed that  this assignment ought to be reversed. A number 
of organic thiones was examined and the bands were classified according 
to their intensities and solvent effects. As band C was also found a7 in 
organic thiones not containing nitrogen, it was associated with the 
S - - C = S  group. Moreover, band C was the only absorption, besides 
band A, shown in the spectra of thioureas, and should be assigned to 
the N - C = S  group. Further evidence for this assignment was provided 
by S h a n l c a r a n a r a y a n a  and Pate l  8s from a comparison of the spectra of 
dithioearbamates with those of xanthates and trithioearbonates. 

Band B was assigned by J a n s s e n  to an n - - - a*  transition on the 
basis of his experimental evidence, but later 39 it appeared from LCA0 MO 
calculations of the transition energies that  band B was a z -~ ~* transition. 

Band C has been assigned~7, 3s to a z - - ,  ~n* transition on the basis 
of the effect of polar solvents on its wavelength. 

Z a h r a d n l k  4~ has reported the ultraviolet spectra of dithiocarbamoyl 
carboxylic acids. He compared their spectra with those of other sulphur 
compounds reported in the literature and assigned the bands in the same 
w a y  as K o c h  ~6. He also studied the spectra of monothiocarbamates 41 
which show only one peak at about 226 rim. 

I n / r a t e d  spectra 

Dithiocarbamates show two strong absorption bands in the infrared 
which have received especial attention. 

I. A band around 1500 cm -1, known as the "thioureide" band. 
II .  A band in  the region 1030-950 cm -1. 

R S-  
\ §  / 

N = C  / \ 
R" S -  

X 

R S -  
\+ / /o=c\ 

R" S -  

XI 
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Canonical form X has been shown by Chat t e t  al. 4=' to contribute to 
some considerable extent to the overall structure of dithiocarbamates. 
Band I, which is characteristic of the N - - C = S  system, appears in 
the double-bond region of the spectrum and was assigned to the stretching 
of the N--C partial double bond. Further evidence for the partial double 
bond was provided 43 by the high dipole moment of the dithiocarbamate 
esters and monoalkyldithiocarbamates. Xanthates, for which the 
corresponding canonical form XI  contributes much less, show compara- 
tively low dipole moments a3 and absorb between 1140 and 1260 cm-1. a4 
To account for the high dipole moments of the dithiocarbamates, the 
bond order must have been about 1.25-1.35% 

The importance of the form X arises from the strong mesomerie 
electron-releasing property of the - - N R  2 group and also the ability of 
the sulphur atom to accept electrons into its d-orbitals. The placing 
of a negative charge on the sulphur atoms would be expected to weaken 
the drift of electrons towards the sulphur atoms, thus lowering the 
C N bond order and the frequency of band I. Such a lowering was 
indeed noted 43. Furthermore, the metal complexes, which would be 
expected to show an increased drift of electrons towards the sulphur 
atoms, show the highest frequency. A slight decrease in bond order was 
observed with an increase in the size or number of alkyl groups. Nalcarnoto 
et al. 4~ examined the spectra of a number of complexes and suggested 
that canonical form X contributes to an even greater extent than 
C h a t t e t  al. ~a had proposed. 

Shankaranarayana and Patsl ~ who compared the infra-red spectra 
of xanthates, dithiocarbamates and trithiocarbonates, concluded that  
band I I  was due to the C = S  group. With a greater contribution of the 
canonical forms X and XI,  the frequency of absorption was lowered, 
and so band I I  appeared around 980 cm -1 in dithiocarbamates but 
around 1030 cm -1 in xanthates. On the formation of the dithiocarbamate 
anion, band I I  shifted to a lower frequency because of the lower C = S  
band order. Additional evidence for the assignment of band I I  to the 
C : S  group was provided by Jensen et al. 46 who compared the spectra 
of dithiocarbamates with diselcnocarbamates. The former showed a 
strong band around 1000 cm -1 whereas the latter showed a band near 
900 cm -1. Otherwise the spectra were more or less identical. 

Mann  47 has recorded the infrared spectra of a number of dithio- 
carbamates used as accelerators and antioxidants and has used their 
spectra as a means of their identification in vulcanisates. 

The Polarographie Behaviour 

Although it was originally stated that  the anodic waves of dithio- 
carbamates were due to the oxidation of the dithiocarbamate to the 
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thiuram disulphide ~s, it was later shown tha t  they were in fact due to 
the formation of a mercury compoundt% Thus the polarographic behaviour 
of dithiocarbamates is related to the reactions with heavy metals discussed 
earlier. 

Most at tention has been paid to the polarographic behaviour of 
dialkyldithiocarbamates ts-57. Sodium diethyldithiocarbamate gives a 
single diffusion-controlled anodie wave (W1) with an adsorption pre- 
wave (WA)4S,52,5a, 57. This adsorption pre-wave has been shown to 
correspond to the formation of a layer of mercuric diethyldithiocarbamate 
molecules adsorbed flat on the mercury surface ~2. At concentrations 
above 2 . 1 0  -~ M,  the limiting current of the main wave becomes larger 
than  expected, resulting in a non-linear concentration dependence ~ and 
the current oscillations at  the limiting current become very irregular 57. 
At higher concentrations, this current increase takes the form of a rounded 
maximumSa,54, sv. Similar irregularities are found in the polarographic 
behaviour of sodium dimethyldithioearbamate aS. These irregularities may  
be overcome by addition of gelatin or the use of ethanolie solutions54, "s~. 

Stricks and Chakravarti 54 explain this anomalous current increase as 
due to the formation of a secondary porous layer around the pr imary 
adsorption layer. This secondary layer is able to absorb relatively large 
amounts of dithioearbamate from the solution. This accumulation of 
dithioearbamate around the drop is said to explain the increase in current. 
However, it should be noted tha t  any absorption of the electroactive 
species around the drop would still be governed by  its rate of diffusion 
to the area of the drop and so the current must  still necessarily be diffusion- 
controlled. Z u m a n  et al. s7 suggest tha t  the anomalous beh~viour is due 
to the bursting of a further unstable adsorption layer formed on the 
mercury surface. The irregular bursting of this layer causes stirring in 
the vicinity of the drop which brings more dithiocarbamate to the surface, 
resulting in an increase in the current. 

The waves of diethyldithiocarbamate correspond to an overall one- 
electron process to form mercury(I) diethyldithiocarbamate which 
subsequently is converted into mereury(II)  diethyldithioearbamate~,% 

(C2Hs)~NCS2- + t tg ~- (C2Hs)2NCS2Hg ~- e-, 

2 (C2I-Is)~NCS2Hg @ [(C~Hs)~NCS~]~Itg + Hg. 

Monoalkyldithiocarbamates differ from dialkyldithiocarbamates in 
that  they show, at more positive potentials than  tha t  of W~, a further 
one-electron wave (W2) which shifts to more negative potentials with 
increasing pH 2~. At pH 8, the two waves W~ and W 2 coalesce to form 
a single wave W involving the over-a]l transfer of two electrons. This 
wave W shifts to more negative potentials with increasing plz. This 
further one-electron process is believed to be due to the loss of a proton 
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and to the formation of the second type of complex described earlier in 
the section on metal  complexes. 

Similar behaviour was observed by  Zahradn ik  and Jensovslcy 5s-6~ for 
the monoalky]dithiocarbamates derived from amino-acids. However they 
concluded from a logarithmic plot tha t  the over-all process involved 
one electron. 

Disodium ethylenebisdithiocarbamate gives very complicated anodie 
waves 34 corresponding to an over-all four-electron electrode reaction. At 
low concentrations a similarity can be seen to the polarographic behaviour 
of the simple monoalkyldithiocarbamates. 

Sodium diethyldithiocarbamate has proved to be a useful reagent 
for amperometric titrations, both at the rotating D. M. E. 54 and at the 
rotating platinum electrode61-~t; other dithiocarbamates have also been 
used65,% Also the cathodic waves of some metal  diethyldithiocarbamates 
in organic solvent mixtures have been examined and used for the determina- 
tion of trace metals 67-7~ 

Uses of Dithiocarbamates 

The most widespread use of dithiocarbamates is tound in the rubber 
industry where they are used as vulcanisation accelerators. At the same 
time, they have good anti-oxidant properties which makes them even 
more valuable. These anti-oxidant properties are also put to good use 
in greases and oils. 

Another use of dithiocarbamates which has become more important  
in recent years is as fungicides. The most important  of these are disodium 
ethylenebisdithiocarbamute (known commercially as /qabam), its zinc 
and manganese complexes (Zineb and Maneb) and the zinc ~nd iron 
complexes of dimethyldithiocarbamic acid (Ziram and Ferbam). 

Analysis of dithioearbamates 

5~ethods ~or the analysis of dithiocarbamates can be divided into 
two groups. (a) Determination of the puri ty of dithiocarbamates for 
use in laboratory work, etc. (b) Determination of the ~mount of dithio- 
carbamates in fungicides and also in fungicide residues. Included also 
are methods for the determination and identification of accelerators in 
rubber. Surprisingly however, far more attention has been paid to the 
determination of fungicides than  the determination of vulcanisation 
accelerators. 

(a) Iodimetric methods for the determination of dithiecarbamates 
have been proposed71, 7~. Although these were suggested as general 
methods for dithiocarbamates, only dialkyldithiocarbam~tes were given 
as examples. Linch  7~ found that  a gravimetric method, based on weighing 
the thiuram disulphide formed after oxidation, is even more accurate 
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than  the iodimetric method. A more sensitive reagent is chloramine-T 73, 
of which fourteen equivalents are consumed per mole of dithiocarbamate.  

The amount  of acid consumed in the decomposition of dithiocarbamates 
has been used as the basis of another  method ~4. Two equivalents of acid 
are consumed per mole of dithiocarbamate ~ one to give the dithiocarbamic 
acid and the second to neutralise the liberated amine. Again only dialkyl- 
dithiocarbamates were examined. 

(b) Most methods for the determination of fungicides are based on 
decomposing the dithiocarbamate in acidic conditions and determining 
the carbon disulphide evolved. The Clarke method 75 is the basis of most 
methods in use today. The dithiocarbamate is decomposed by heating 
with 1.1 N sulphnric acid and the liberated carbon disulphide is adsorbed 
in methanolic potassium hydroxide to give potassium methyl  xanthate.  
After decomposition is complete, the xanthate  is. determined by an 
iodimetric titration. The conditions of acid digestion are quite critical, 
particularly for ethylenebisdithiocarbamates. Bighi and Saglietto 76 have 
studied chromatographically the decomposition of ethylenebisdithio- 
carbamates in the Clarke method 75. Roth and Beck 77 used a mixture 
of pyridine and phosphoric acid to decompose the dithiocarbamate. 

Stevenson 7s has reported the result of a collaborative s tudy on methods 
of dithiocarbamate evaluation in which a modified Clarke method was 
proposed; this method was adopted by the Collaborative Pesticides 
Analytical Committee of Europe (CPAC). A similar method TM was adopted 
in America. 

For the determination of pesticide residues, the usual method s~ sl is 
to decompose the dithiocarbamate to carbon disulphide and to determine 
the carbon disulphide spectrophotometrically by absorbing it in an 
ethanolic solution of copper acetate and an alkylamine and then measuring 
the absorbanee of the resulting solution. Polarographie methods have 
also been suggested for the determination of residues of Zineb s2-s4, 
Maneb sS, Ziram s6 and Ferbam sT. Rozaci ss used a polarographic method 
for the determination of the accelerators zinc diethyldithioearbamate 
and zinc phenylethyldithiocarbamate in rubber. 

Paper  chromatography has been used to separate the dithio- 
carbamates sg, and infrared spectra 9~ to identify the various pesticides. 
An infrared method has also been suggested 91 as a quanti tat ive method 
for Maneb. 

Conclusion 

Although the early work 1 showed the properties Of both mono- and 
dialkyldithiocarbamates, more recent systematic studies have shown 
very little interest in monoalkyldithiocarbamates.  However, mono- 
alkyldithiocarbamates have shown behaviour differing from dialkyl- 
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dithioearbamates in their stability in acid6, v, their stability in alkalP 5, 
their reactions with metals ~2 and with oxidising agentslS, 92, and their 
polarographic behaviour~2, ~7. Most of these differences are a result of 
the ability of monoalkyldithiocarbamates to lose a proton from the 
nitrogen atom in solutions of high pI~ and to undergo further reactions. 
Dialkyldithiocarbamates have no proton to lose and so cannot undergo 
these reactions. 
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Dr. A .  Town,henr i  of  the University of Birmingham, England, and 
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Summary 
The  Properties o /Di th iocarbamates  

A review of the properties of dithiocarbamates is presented in which 
a comparison is made of the properties of mono- and dialkyldithio- 
carbamates. The various sections deal with the synthesis of dithio- 
carbamates, their stability in acidic and alkaline solution, their reaction 
with oxidising agents, their spectra, polarographic behaviour and uses, 
and with analytical methods for their determination. 

Zusammenfassung 

Eiae Ubersicht fiber die Eigenschaften der Dithiocarbamate wt~rde vor- 
gelegt, wobei die Mono- und Dialkyldithiocarbamate miteinander verglichen 
wurden. Die einzelnen Abschnitte behandeln die Synthese der Dithio- 
earbamate, deren Stabilit~t i~1 s~urer und alkaliseher LSsung, ihre Reaktions- 
weise mit Oxydationsmitteln, ihre Spektren, ihr polarographisches Verhalten, 
ihre Verwendung sowie die zu ihrer Bestimmung verwendeten analytischen 
Methoden. 
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