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Neste trabalho apresenta-se um método espectrofotométrico, baseado em
equipamentoscom arranjo linear dediodos (“diodearray”), paradeterminacdo de pKados
acidos ditiocarbamicos derivados da pirrolidina (HPyr-1) e da piperidina (HPip-11). A
elevada velocidade de leitura do equipamento, torna possivel minimizar o problema da
decomposi¢do dos ditiocarbamatos, em meio &cido. Os valores de pK, obtidos foram
3.10(1) e 3.51(11), em | = 0.50 mol L™ (NaClO) & 25.0 °C, sendo consistentes com o0s
mecanismos de decomposi¢ao acida. Apresenta-se também uma discussdo baseada na
formados espectros obtidosem meio &cido e bési co e suarelagdo com aordem dosval ores
de pKa, aqual éinversaem relacéo avalores determinados anteriormente.

A spectrophotometric method, based on the use of adiode array spectrophotometer, is
proposed in order to determine the pKa of pyrrolidinedithiocarbamic (HPyr-1) and
pi peridinodithiocarbamic (HPip-11) acids. Thehigh speed of dataacquisition of the equip-
ment made it possible to minimize the problem of acid decomposition. The values ob-
tained were3.10(1) and 3.51(I1) in1 = 0.50 mol L ™! (NaClOy) at 25.0 °C, and are consistent
with the acid decomposition mechanism. A discussion is presented based on the shape of
the compound spectrain acidic and basic media and their relation to the order of the pKa
valuesfor | and 1.

Keywords: piperidinedithiocarbamic acid, pyrrolidinedithiocarbamic acid, pKa de-
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Dithiocarbamates (DTC) have been widely applied in
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several industries (e.g. rubber), agriculture, medicine, or-
ganic synthesis, and in analytical chemistry (especialy in-
organic species analysis)* 0. Thelow stability of the DTC
inacidic mediahasbeenindicated asthemajor limitation to
the use of these versatile compounds.

Zahradnick and Zumant? first studied the decomposi-
tion reaction, and Chakrabarti et al.1>1® proposed a degra-
dation mechanismwhich may berelated to the acidic form,
represented by an unstable intermediate and generating an
amine and carbon disulfide, according to the reaction:

D)

——= [ Intermediate] ———

NH + CS,
R

These authors proposed that the instability of theinter-
mediate, whose structureispresentedintheFig. 1, isdueto
the positive charge density in the carbon and nitrogen at-
omsof the carbamate bond (N-C), whichinducesthe mole-
cule decomposition in acidic media.
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Figure1. The acid decomposition intermediate, according to Joris et
al.B

Thus, the pK,valuefor the DTCisanimportant feature
sinceit isrelated to the compound stability and varieswith
the aminic substituent.

The kinetic, polarographic, or mathematical methods
proposed for the pK 5 measurements'?16 are time consum-
ing. Conventional potentiometric and spectrophotometric
methods are not applicable because of the rapid decompo-
sition that occurs in acidic media.

The present work describes the application of arela
tively easier spectrophotometric method based onVVolgel’'s
proposall’, but employing a diode-array
spectrophotometer, whose reading speed permits data ac-
quisitionin such a short timethat it by-passes the problem
of compound decomposition. The method is applied to the
pKa value determination of pyrrolidinedithiocarbamic
(HPyr) and piperidinedithiocarbamic (HPip) acids.

The structural formula of the acids are:

— < o
N—C/ N—C/
_/ N sH Nsh

I-HPyr

Materials and M ethods
All of the reagents used were of analytical grade.

DTC synthesis and characterization

The Pyr and Pip sodic salts were obtained by the reac-
tion between the carbon disulfide and the respective amine
(pyrrolidine or piperidine), in the presence of sodium hy-
droxide!®in an ethanol/water 1:1 (v/v) reaction media. The
white salt obtained was washed with cold ethanol and then
recrystallized by dissolving in water, followed by the addi-
tion of ethanol. The solution was frozen and the white nee-
dle crystals which formed were characterized by
vibrational spectrometry (ligands), atomic absorption (so-
dium), and thermogravimetric analysis.

Buffer solutions

The Mcllvaine buffer solutions with ionic strength ad-
justedto 0.50 mol L (NaClO,) were prepared according to
Elving et al.1°. The pH of these bufferswas measured with
aglass electrode calibrated with conditional buffers.
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These conditional buffers were solutions with an ionic
strength of 0.50 mol L™ (NaClO3), and hydrogen ion con-
centrations of 1.00 x 102 and 1.00 x 10 mol L™t (HCIOy),
corresponding to pH 2.00 and 4.00, respectively.

Equipment

A diode-array Hewlett-Packard HP 8451A
spectrophotometer and quartz cells 1.00 cmin length were
used in the spectrophotometric measurements.

The ligands were characterized in a Nicolet 5SXC
FTIR spectrophotometer equipped with a TGS detector in
the 4.000-400 cm? range. The spectrawere obtained from
KBr pellets.

The number of hydration water molecules was deter-
mined in a DuPont TGA-951 thermogravimetric module,
coupled with a DuPont 9900 thermal analyzer system.

The atomic absorption experiments were performed in
an Intralab AA12/1475 spectrophotometer.

Procedures

All of the spectrophotometric measurements were car-
ried out at 25.0 a.1°C, using the buffer solutions previ-
ously thermostated at this temperature as blanks.

The stock NaDTC solutions (50.0 mL), at a5.0 x 10
mol L* concentration, were used for the preparation of the
working solutions, with concentrations ranging from
8.33 x 10° 10 6.67 x 10° mol L™ a pH 2.05 to 4.47. A
3.33mol L™ solution of each DTC was used in the determi-
nation of the maximum wavelength absorption of the
acidic and basic forms, at pH 0.98 and 7.82, respectively.

In order to minimize the decomposition of the com-
pounds, the solutions were prepared directly in the quartz
cells. Thus 0.20 mL of the stock solution of NaDTC was
transferred with an automatic pipette and introduced into
2.80 mL of the previously thermostated buffer. The mean
time spent in the procedure and the reading was about 5 s,
since the equipment reads the spectral rangein 0.1 s.

Results and Discussion

The NaDTC characterization

In Table 1 the principal bands found in the vibrational
spectroscopy measurements are presented, compared with
the literature values for the groups C=S, N-CS,, and C-N
for the compounds NaPyr and NaPip.

Theatomic absorption experimentsevidenced the pres-
ence of 10.80% Na in the NaPyr.2H>0 (calculated =

Table 1. The principal IR bands observed, compared with the litera-
ture values.

Compound C=s N-CS C-N
NaPyr2H,0 100510033 1770011108 1470(14603)
NaPip.2H,0 99890 1169 1462(14550)
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11.20%) and 9.94% (m/m) in the NaPip.2H0 (cal cul ated =
10.49%). The thermogravimetric results confirmed the
presence of two hydration water molecules for both com-
pounds. Thisis consistent with the work of Kudela et al. %
and Siddiqj et al. %2,

Molar absorptivity (€) determination

The molar absorptivity was obtained from angular co-
efficients of the absorbance vs. concentration (mol L)
curves for the acidic and basic forms of each DTC, in the
maximum wavelength (I max) region. The spectra of these
compounds are presented in Fig. 2a (Pyr) and 2b (Pip), at
different pH valuesfor the acidic and basic forms. Accord-
ing to the literature?, the presence of asingle maximumin
acidic mediaisdueto protonation, which reducesthereso-
nance in the N-CS; group.

In Fig. 3 the Lambert-Beer curvesfor Pyr (3a) and Pip
(3b) are presented at different pH at | max for theacidic and
basic forms of each compound. Table 2 presents the final
results.

The values showed good agreement with those found
by Shankaranarayana and Patel?3, being on the order of
10*. The results indicate that acidic forms have smaller
absorptivities than basic forms.
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Figure 2. The Pyr(2a) and Pip(2b) spectrain acid (pH = 0.98) and ba-
sic (pH = 7.82) media.
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pKa calculation®

Substitution of thee valuesin the Egs. 2 and 3
Aa = eA,RSH(RSH) + eA,RS-(RS") (2
Ag = eB,RSH(RSH) + eB,RS-(RS") (3)

which consider that the absorbance is due only to the pres-
ence of thefree and protonated species at each wavelength,
madeit possibleto cal cul ate the concentration of acidicand
basic forms in equilibrium. In the above equations, Ax is
theabsorbanceat wavelength A, ea rsHisthemolar absorp-
tivity for the protonated form at wavelength A, eA RS- is
the molar absorptivity for the free form at wavelength A,

Table 2. Molar absorptivities, e, determined for eachDTC
to both acidic and basic forms.

e/L molt em™

Compound pH I /nm loge
HPyr 0.89 272 1.19.10* 4.1
Pyr 7.82 256 1.45.10* 4.2
HPip 0.89 276 5.26.10° 3.7
Pip 7.82 264 1.45.10* 4.2
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Figure 3. The Lambert-Beer law verification, inthel max of theacid
and basic forms of each DTC (3a- Pyr and 3b - Pip). Theangular co-
efficients of these curves gave the eA,RSH, eB,RSH, eA,RS-, and
eB,RS- values.
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and (RSH) and (RS) are the activities of the protonated
and free forms, respectively.

Using theratio of these concentrationsit is possible to
calculate the pKa according the Handerson-Hasselbach
equation:

(RS)
(RH)

pK = pH - log 4

A simple computer program in the Quick Basic lan-
guage (©Microsoft Co.) was devel oped to perform the cal-
culations, givingtheresultspresentedin Table 3,in1 =0.50
mol L-1 (adjusted with NaClO4) and at 25.0 °C. This pro-

Table 3. pK, values determined by the spectrophotometric method,
using Egs. 5 and 6.

pH Absorbance L/HL pKa
Pyr | =256 nm | =272 nm
2.05 0.7893 1.567 0.07574 3.17
2.49 0.8980 1.568 0.1922 321
2.66 1.086 1.633 0.3948 3.06
3.06 1.313 1.606 0.9422 3.08
3.61 1.672 1.607 3.593 3.05
4.47 1.872 1.588 30.16 2.99
mean 3.10+ 0.07
Pip | =264 nm | =276 nm
2.05 0.5852 0.9247 0.03015 357
2.49 0.6674 0.9773 0.08700 3.55
2.66 0.5102 0.6920 0.1699 3.43
3.06 0.9604 1191 0.3305 354
3.61 1.413 1.490 1.402 3.46
mean 3.51+ 0.08
Constants:

ePyr,256=1.45 ePip,264=1.45
eHPyr,256=0.537  eHPip,264=0.316
ePyr,272=1.21 ePip,276=1.39
eHPyr,272=1.19 eHpip,276=0.526

Table 4. Summary of pKavalues from the literature and the present
work.

pKa Conditions Reference
Pyr Pip | Temp.(°C)

2.95 - 0.01 25.0 11
3.30 321 0.01 25.0 14
3.27 3.18 0.05 25.0 15
3.30 321 0 25.0 24
3.10 351 0.50 25.0 thiswork
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gram utilizes the concentrations of acidic and basic forms
given by Egs. 5 and 6, derived from Egs. 2 and 3 system:

(AA eB,Fs. ) - (AB eA,RS-)
(eA,mH €5 ks. ) - (eA,Fs -

AB - (eB,RSH (RS'D)

eB,RS-

(RSH) = ®)

eB,RSH)

(RS) = (6)

The literature values and the conditions under which
they were abtained are presented in the Table 4. Thistable
shows that the values are not in agreement for HPip, possi-
bly due to compound decomposition. Also, the order
PKpyr pKpip is inverted in relation to the present results,
which are consistent with the proposal of the acid decom-
position intermediate, since according to the present pKa
resultsthe Pyr isprotonated at apH more acid than the Pip,
having alower pKavalue.

It is widely known that Pyr is much more stable in
acidic media than Pip>3919 and is frequently applied in
several methods of analysis in acidic conditions. The
solvatation of acidic intermediates’ is not sufficient to ex-
plain this difference, since the ligands have similar struc-
tures. For instance, t (pyry=85.6 minin pH = 3.60 and t (pip) =
3.78minin pH = 4.85%. Other kinetic dataare presented in
Table 5, which are in agreement with the results from
Vandebeek et al.*. According to these authors, the appar-
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Figure4. Variationinthespectral shapeat pH 3.06, 3.61, and 4.47 for
the compounds (4a Pyr and 4b Pip).
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Table 5. Kinetic decomposition parameters for Pyr and Pip, at different pHs, and ionic strength adjusted to 0.50 mol L™ (NaClO.).

oH Kep/10° mint to/min  kim207mint ¢ jpymin
Pyr
3.60 81 85.570 31 30
459 92 753.40 27 27
5.80 0.65 10,664 30 23
mean: 29402 27+3
Pip
485 1832 378 42 0.17
5.50 475 146 47 0.15
6.40 425 163 338 0.21
7.94 173 4,001 48 0.14
mean: 44+04 0.17+0.03

ent rate constant (kyp) andthehalf-lifetime (t g) varieswith
the pH upto acertain value, at which they became constant
(kim and t jim, respectively).

A second pointinfavor of the present resultsisthe spec-
tral shape of the compounds at different pHs, presented in
Figs. 4a and 4b for Pyr and Pip, respectively. From these
curvesitispossibleto notethat for the Pyr caseat pH 3.06, a
single peak appears at 247 nm (acidic form), and that two
peaks are present at pH 3.61 and 4.47 at 258 and 276 nm
(basic form). Thus, a spectral change corresponding to an
alteration in the predominance of the forms occurred be-
tween pH 3.06 and 3.61.

InthePip case, thisspectral changeappearsclearly only
at pH 4.47. At pH 3.06 there is only one peak at 280 nm
(acidform), whileat 3.61 there aretwo peaks, without defi-
nition, suggesting that the spectral change occurs near, but
before pH 3.61.

Based on these commentsit is possibleto conclude that
the present values are more coherent with the acid decom-
positiontheory and the spectral changethan theearlier pro-
posed values. This has been attributed to the use of the
diode array spectrophotometer, with high reading speed,
technology which was not available when previous re-
search was devel oped.
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