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This work deals with the synthesis of dithiocarbamate chelates of Cu(JI) and Zn(II) with ligands
derived from dimethyl-, diethyl-, dipropyl-, dibutyl- and methylisopropylamine, piperidine and
morpholine and the electronic spectra of these substances in the UV and visible regions. The
absorption spectra of the cupric (and zinc(II)) chelates contain a single analytically important
band around 270 (260) nm, assigned to the z—=n* transition within the ligand, that is affected
by the substituent on the nitrogen atom and the solvent polarity. Lengthening of the alkyl chain
leads to increased intensity of the bands and a red shift of their 4 increased solvent polarity
leads to increased intensity of the bands and a blue shift.

max>

The simple preparation and suitable analytical properties of DTC* have long led to its use in the .
analysis of various substances'. The analytical use of dithiocarbamates has been surveyed in re-
views2:3, Because of the characteristic, intense absorption bands in the electronic spectra of DTC
metal complexes®, spectrophotometric methods of determination are frequently used, both for
determining the metals and for determining DTC ligandss.

DTC complexes of Cu(I) and Zn(Il) have been known since 1907 (ref.%) and since then their
chemical, magnetic and spectral properties have been studied intensely; these are listed in a book®
and in reviews®7'8. Works published on the electronic spectra of the DTC complexes of Cu(Il)
and Zn(II) have been concerned with assignment of the absorption bands of electronic transi-
tions® "8 and on the use of the DTC complexes of Cu(II) and Zn(II) in spectrophotometric

determinations®.

This work deals with the study of the electronic spectra of the listed complexes
in the UV region, considering the effect of the length of the hydrocarbon chain
on the nitrogen atom and the solvent polarity on the position and intensity of ana-
lytically important bands with 2,,,, around 275 nm (Cu) and 265 nm (Zn). The work

discusses the advantages of using various DTC ligands for the trace analysis of copper
and zinc in the UV and visible spectral regions.

* DTC dithiocarbamates (i.e. salts and chelates of dithiocarbamic acids) and dithiocarba-
mate ligands.
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EXPERIMENTAL

Chemicals

Chloroform solutions were prepared using p.a. chloroform that was freshiy redistilled and passed
through an SiO, column and that did not exhibit absorption in the wavelength region above
255 nm.

The absorption spectra of DTC in the ultraviolet region were studied using ethanol and metha-
nol for UV spectroscopy from Lachema, Czechoslovakia.

The bis-dithiocarbamate chelates of copper(Il) and zinc(Il) listed in Tables I to III were
prepared in the following manner: To 0-1 mol of alkali or ammonium salt of DTC acid'® dis-
solved in 100 ml of distilled water with constant stirring (650 rpm) was added 0-05 mol of cop-
per(II) or zinc(II) chloride dissolved in 50 ml of distilled water at a temperature of 15—20°C.
Stirring was continued for 3 hours at this temperature and then the reaction mixture was cooled
to 0°C. The precipitated solid substance was filtered off; the precipitate was washed with ice
water and dried in the air. The raw product was purified by crystallization from ethanol, from
a chloroform-methanol mixture or from a chloroform-pyridine mixture.

The chelates of Cu(Il) and Zn(II) with dihexyldithiocarbamate ligands were prepared in the
same manner. After completion of the reaction, 15 m! of chloroform were added to the reaction
mixture and the solid chelate was extracted into the chloroform phase. The chloroform layer
was separated, rinsed twice with distilled water and dried over anhydrous Na,SO,. The chloro-

TaBLE X
Cu(Il) and Zn(II) chelates with dithiocarbamic acids of the M(R-C-S), type. Me — methyl,
|

S
Et — ethyl, Pr — propyl, Bu — butyl, Pe — pentyl, He — hexyl, iPr — isopropyl, iBu — isobutyl,
Me,iPr — methylisopropyl, Pp — piperidyl, Mo — morpholinyl

R Number Cu(II) Chelate Number Zn(II) Chelate

(CH,),N I [Cu(Me,DTC),] X {Zn(Me, DTC), ]
(C,Hg),N big [Cu(Et,DTC),] XIII [Zn(Et,DTC),]
(C3H,);N 1 [Cu(Pr,DTC),} Xrv [Zn(Pr,DTC),]
(C4Hg),N i% [Cu(Bu,DTC),] xv [Zn(Bu,DTC),]
(CsH; ),N v [Cu(Pe,DTC),] XvI [Zn(Pe,DTC),}
(CgH,3),N VI [Cu(He,DTC),] xvi [Zn(He,DTC),]
(CH,,iCH;)N vir [Cu(Me,iPrDTC),] XVII  [Zn(Me,iPrDTC),]
(iC4H,),N 12774 [Cu(iPr,DTC),] XIX [Zn(iPr,DTC), ]
(iC4Hg),N IX [Cu(iBu,DTC),] XX [Zn(iBu,DTC),]
< N X [Cu(PPDTC),] XXI [Zn(PpDTC),]
_
N
Ci }\1 XI [Cu(MoDTC),] xxir [Zn(MoDTC),]
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form was distilled off under decreased pressure and the distillate was freed of chloroform at a tem-
perature of 50°C and pressure of 26:6 Pa (0-2 Torr).

The time stability of the DTC chelates of Cu(XI) and Zn(II) was studied by spectrophotometric
recording of the absorption spectra of chioroform and ethanol solutions of the substances at 20
minute time intervals at Jaboratory temperature (20°C). It was found that the structure of the
absorption spectra and the intensities of the absorption bands of the dithiocarbamate chelates
of Zn(IT) do not change over 5 hours and that the spectral structure and intensities of the bands
of the chelates of Cu(Il) do not change over 8 hours. As (except for methanolic solutions of
Zn(Me,DTC),) the carbon disulphide band at 207 nm!%2% was not recorded, it is apparent
that, under these conditions, the substances do not decompose to carbon disulphide, CS,. Control

TabLE IT

Characteristic data on the Cu(II) chelates of dithiocarbamic acids

General formula Calculated/Found Solubility Mel}ing
Chelate (mw.) _— —- g/100 g point
. %C  %H %N MeOH (EtOH)  °C
1 CgH;,N,S,Cu 2371 398 9-22 0-013 =340
(303-94) 24-05 382 9-01 (traces)
)i C,oH,0N,S,Cu 3336 660 7-78 0-030 262—263
(360-05) 3372 5-41 728 {0:013)
244 C,4H,gN,S,Cu 40-40 678 673 0-164 89—90
(416-15) 40-07 652 681 (0-161)
w C,sH36N,S,Cu 4578 768 593 0-198 76:5—177
(472-26) 44-93 7-59 5-80 (0-206)
14 Cy,Hg4N,S,Cu 50-01 839 530 0-103 91:92
(528-36) 50-27 812 5-21 (0-140)
VI Cy6Hs,N,S,Cu — — — — viscous
(584-26) — — — liquid
VI C,oH,0N,S,Cu 3336 5:60 7-78 0-047 242—243
(360-05) 33-10 5-40 7-54 (0-153)
vin C14H,gN,8,Cu 4040 678 673 0014 =340
(416:15) 40-27 638 6-59 (0-032)
X C,gH36N,S,Cu 4578 768 595 0-314 205:5—206
(472-26) 45-72 7-50 5-68 0167y
X Cy2H,0N,S,Cu 37-52 525 729 0-024 333334
(384-07) 38-00 512 7-01 0:012)
X1 CloH;6N;0,8,Cu  30-95 416 722 0012 337—339
(388:02) 30:67 4-08 710 (0-010)
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of the chloroform solutions of the dithiocarbamate chelates of Cu(IT) indicates that they are
stable for up to 14 days.

Solutions of 1,107% and 4—10"% mol 1™ ! dithiocarbamate chelates of Cu(Il) and Zn(1I)
in chloroform, ethanol and methanol were prepared by dissolving the necessary amount of sub-
stance, as given in Tables IT and 1II in 250 ml of the appropriate solvent. The absorption spectra
were studied using chloroform, ethanol and methanol solutions with concentrations of 2. 10~ 5
o 8.107 % mol 1”1, prepared from stock solutions. The absorption spectra were recorded
on a recording SPECORD UV VIS spectrophotometer (Carl Zeiss, Jena) in 02, 0-5, 1-0and 3-:0 cm
quartz cells. The A, ., values of the studied absorption bands were confirmed using a VSU-1
instrument from the same firm with a precision of =1 nm.

TapLe I
Characteristic data on the Zn(II) chelates of dithiocarbamic acids

General formula Calculated/Found Solubility Melting
Chelate (m.w) —_ _— g/100 g point
o %C  %H %N MeOH (EtOH) °C
xi CeH,,N,S,Zn 2357 396 916 0-036 317318
(305-75) 23-30 3-89 913 (traces)
XHI  CgH,oN,S4Zn 3319 557 774 0123 228—229
(231-86) 3323 5-63 7-95 (0-042)
XIV  Cy4H,gN,S,Zn 40-23 675 670 o111 142—143
(417-96) 40-21 675 679 (0-145)
xv C,gH3N,S,Zn 45-60 765 591 0-134 137:5—138
(474-07) 45-73 784 575 (0-138)
XVI Cy,Hy4N,S,4Zn 49-84 837 528 0138 107—108
(530-17) 49-62 8:33 5-18 (0-214)
xvil C,6Hs,N,5,Zn — — - - very viscous
(586-10) — — — - liquid
XVII  CyoH,oN,S4Zn 3319 557 774 0-095 244245
(361-86) 33-00 560 7-85 (0-007)
XIX  C 4H,gN,S,Zn 4023 675 670 0-044 287—288
(417-96) 40-31 670 6-68 (0-012)
XX CigH36N,5,Zn 45-60 765 591 0-129 153—154
(474-07) 45-68 750 582 (0-169)
XXI Cy,H,6N,S,Zn 37-35 522 726 0-033 288—289
(385-88) 37-71 510 726 (0-027)
XXII  CyoH¢N,0,5,Zn 3081 414 719 (traces) >340
(389-83) 30:67 4-19 725 (traces)
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RESULTS AND DISCUSSION

In Fig. | are depicted the absorption spectra in ethanol solutions of some bis(di-
thiocarbamate) chelates of Cu(ll) in the UV spectral region. The spectra contain

TaBLE 1V

The molar absorption coefficients of chtoroform solutions of dithiocarbamate chelates of Cu(II)
in the UV and visible spectral regions

Chelate “inax & #max &
nm nm
[Cu(Me, DTC),] 268 29 800 435 10 200
[Cu(Et,DTC),] 272 33 000 437 10 600
[Cu(Pr,DTC),] 273 33 400 436 11200
[Cu(Bu,DTC),] 274 33 800 435 {1500
[Cu(Pe,DTC),] 274 34 100 435 11 000
[Cu(iPr,DTC),] 276 32 800 439 9 800
[Cu(iBu,DTC),] 276 34 900 437 10 300
[Cu(Me,iPrDTC), ] 269 32 500 437 10 800
[Cu(PpDTC);] 273 35 500 435 10 000
[Cu(MoDTC),] 274 35700 436 9 800

TaBLE V

The molar absorption coefficients of chloroform solutions of dithiocarbamate chelates of Zn(1X)
in the UV spectral region

Chelate Amax e
nm 1/mol cm
[Zn(Me,DTC),] 260 30 200
[Zn(EL, DTC),] 263 32 800
[Zn(Pr,DTC),) 265 35000
[Zn(Bu,DTC),] 266 35200
[Zn(Pe,DTC),] 266 35 500
[Zn(iPr,DTC),] 267 32200
[Zn(iBu,DTC),] 268 37 000
[Zn(Me,iPrDTC),] 263 32 000
[Zn(PpDTC),] 267 36 500
[Zn(MoDTC),] 266 36 000
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absorption bands at 273 and 290 nm, that were assigned to the n —n* transition within
the ligands'®*2:15 and bands at 245 and 220 nm, assigned to charge transfer transi-
tions'3.

The spectra of Zn(II) DTC and Cu(Il) in the near UV region are very similar.
The electronic spectra of the DTC chelates Zn(II) (Fig. 2) contain bands at 265 and
280 nm corresponding to transitions within the ligands®:'21¢:17_ The band around
207 nm was assigned'® to carbon disulphide as a decomposition product of alkaline
dithiocarbamates; this band is lacking in the chelate spectra, reflecting the stabilizing
effect of the central atom on the DTC ligands, apparently connected with the dis-
sociability of the DTC chelates.

From an analytical point of view, the absorption bands of copper(II) and zinc(II)
chelates with A, in the regions around 273 nm and 260 nm ((z 33-000) are most
important. The intensities of these bands are strongly dependent on the chelate
concentration. The other absorption bands in the UV spectra of the bis-dithio-
carbamate chelates of Cu(II) and Zn(I1) are less intense or cannot be used in the
spectrophotometric determination because of intereference, mostly from the solvent,
in the absorption of radiation, Thus they were not studied further It can be seen

T .
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Absorption spectra of ethanol solutions The absorption spectra of ethanol solutions
of Cu()DTC. 1 [Cu(Me,DTC),], ¢= of Zn(IHDTC. 1 [Zn(Me,DTC),]), ¢ = 3.
=4.10"%moll™, d=1cm; 2 [Cu. .107% mol1 ™!, d = 1 cm; 2[Zn(Pr,DTC),],
(Pr,DTC),, c¢=25.10" mol1™}, d= ¢=2.10"3moll™!, d=cm; 3 [Zn(Pe,.
=1lcm; 3 [Cu(Pe,DTC),], ¢ = 35. .DTC),], ¢=35. 1073 moll™!, d=lcm

L1075 moll ™Y, d=1em
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TABLE VI

The effect of the solvent on the shift of 1,,,, of the absorption bands of dithiocarbamate chelates
of Cu(II)

CHCI,? CHCI, : EtOH®  CHCI, : MeOH®
Chelate 2 nm 1:4 1:9
max?
Amax> HO0 Agax> N
[Cu(Me,DTC),) 268 266 265
[Cu(Et,DTC),] 272 271 270
[Cu(Pr,DTC),] 273 271 271
[Cu(Bu,DTC),] 274 271 272
[Cu(Pe,DTC),] 274 272 271
[Cu(He, DTC),] 2745 272 2715
[Cu(iPr, DTC),] 276 274 . 273
[Cu(iBu,DTC),] 276 274 274
[Cu(Me,iPrDTC),] 269 268 267
[Cu(PpDTC),] 273 271 271
[Cu(MoDTC),] 274 272 272

@9 ~ 50;8 ~ 200; ¢ ~ 300.

TaBLE VII

The effect of the solvent on the shift of the 2

A max Of the absorption bands of dithiocarbamate
chelates of Zn(II)

CHCI* CHCl, : EtOB®  CHCl; : MeOH®
Chelate 2 nm 1:4 1:9
max A maxs NM Y

[Zn(Me,DTC),] 260 257 256
[Zn(Et,DTC),] 263 261 260
[Zn(Pr,DTC),] 265 263 262
[Zn(Bu,DTC),] 266 263 263
[Zn(Pe,DTC),] 266 265 264
[Zn(He, DTC),] 266 265 264
[Zn(iPr,DTC),] 267 265 264
[Zn(iBu,DTC),] 268 266 265
[Zn(Me,iPrDTC),] 262 259 258
[Zn(PPDTC), ] 267 264 264
[Zn(MoDTC),] 266 263 263

Te, ~ 50,08 ~ 200; g, ~ 300.
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from the results in Table IV that the UV region is preferable to the visible region
for the trace analysis of Cu because the bands at 273 nm are much more intense
than the bands in the visible region at 430 nm.

The effect of the length of the alkyl chain bonded to the nitrogen atom in the di-
thiocarbamate molecules on the intensity of the absorption bands of the Cu(II)
chelates at 273 nm and the absorption bands of the Zn(II) chelates at 260 nm, as
well.as the shift of the 4, of these bands are depicted in Figs 1 and 2 and in Tables IV
and V. It can be seen that an increase in the size of the alkyl substituent leads to a red
shift of the bands and to increased intensity, that, among other things, indicates
that it is preferable to use DTC derivatives with higher alkyls in the trace analysis
of Cu and Zn. The red shift and increase in the band intensity result from the induc-
tion effects®®2* of the alkyl groups mentioned above, leading to electron delocaliza-
tion towards the absorbing chromophores and thus to an increase in the length of the
absorbing system. Thé highest A, values for DTC chelates of Cu(Il) and Zn(II)
derived from diisopropyl- and diisobutylamines can be explained by a combination
of the induction and hyperconjugation effects®! of the isopropyl and isobutyl groups,
leading to an increase in the conjugation of the chelate electron system,

The effect of the solvent polarity of the 4., of the bands at 273 nm or 260 nm
is apparent from Tables VI and VIL It is evident from the results that an increase
in the solvent polarity leads to an increase in the band intensities and a blue shift
for all the studied substances, that can be connected with an increase in the electron
density around the Cu-S and Zn-S bonds with increasing solvent polarity.
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