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Abstract An account of the synthesis, spectroscopic,

thermal and structural behavior of antimony(III) bis

(pyrrolidinedithiocarbamato)alkyldithiocarbonates is pre-

sented. The reaction of antimony(III) bis(pyrrolidinedithio-

carbamate) chloride with potassium organodithiocarbonate

in equimolar ratio yielded the corresponding mixed deriva-

tives of the type [(CH2)4NCS2]2SbS2COR [where R = Me,

Et, Prn, Pri, Bun, and Bui]. These newly synthesized com-

plexes have been characterized by physicochemical

[molecular weight determination, melting points, and ele-

mental analysis], spectral [UV, IR, far-IR, NMR (1H and
13C)], thermal [TG, DTA, and FAB? mass], and structural

[powder XRD and SEM] studies. Analytical studies leads to

purity and structural properties of the synthesized complexes

on the other hand powder X-ray diffraction and SEM studies

show that multiphase, polycrystalline, and rod-shaped

complexes have been formed having nanorange crystallite

size and monoclinic crystal system.

Keywords Antimony � Dithiocarbamate � Xanthate �
TG and DTA

Introduction

During the past decade the study of mixed sulfur donor

ligand complexes with main group metals has made a

progressive development due to the development of new

analytical and structural techniques [1–3]. Striking struc-

tural features exhibited by these class of compounds and

diversity of sulfur chelating agents used to prepare new

coordination and organometallic complexes has increased

rapidly during the past few years [4, 5] and the sustained

interest is due to the diverse structural features (ranging

from monodentate, bidentate, monomeric to polymeric

supramolecular assemblies), fascinating architectures,

topologies, and their potential applications in areas such as

fast ion conductivity, photocatalysis, electrooptics, sensors,

thermoelectrics, as well as various biochemical applica-

tions [6–8]. Subtle variations in the nature of the organic

substituents on the dithiolate group usually result in dif-

ferent structural motifs. In addition to this, stereochemi-

cally active lone pair of electrons present on metal atom

results geometries which differ from normal mode.

Pyrrolidine dithiocarbamates which represent a class of

antioxidants mediate a wide variety of effects in biological

systems [9]. It is a multipotent synthetic compound well

known for its metal chelation property [10] and one of the

most potent and specific NF-jB inhibitor [11, 12]. In

addition to this, xanthates are widely used as additives to

lubricating oils, as flotation and complexing agents. Their

effect on central nervous system and on redox process on

human body as well as their catalytic property toward

enzyme activation and inhibition has also been reported

[13, 14]. Owing to properties of ligands antimony metal

containing compounds are commonly used to treat parasitic

infections [15] and exhibit a broad spectrum of chemo-

therapeutic applications and cytotoxic activities [16].

Thermal degradation of such types of complexes often

yields binary metal sulfides as a final decomposition

product having important physicochemical properties

which makes them attractive for a wide range of com-

mercial applications as in photovoltaic, thermoelectric

power generators, and in various optoelectronic and ther-

moelectric cooling devices [17–21]. Thermal analysis is
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also helpful to study the chemical structure and thermal

parameters of the complexes [22–24]. The study of the

structural behavior of the complexes derived from the

reaction of main group metals with mixed sulfur donor

ligands is a matter of significant importance both for the

investigation of the geometries of the compounds as well as

their importance as binary metal sulfides formed during

decomposition processes.

Experimental

Materials

Ammonium pyrrolidinedithiocarbamates (Fluka) were used

as received. Antimony trichloride (E. Merck) was distilled

before use. The reactants such as potassium organodithio-

carbonate and antimony(III) bis(pyrrolidinedithiocarba-

mate) chloride were prepared by reported methods [25, 26].

Solvents (benzene, carbondisulfide, alcohols, diethyl ether,

chloroform, and dichloromethane) were purified and dried

by standard methods before use [27].

Measurements

Melting points were determined on a B10 Tech India

melting point apparatus and are uncorrected. Antimony

was estimated iodometrically [28] and sulfur was estimated

gravimetrically as barium sulfate [28]. Molecular weights

were determined cryoscopically in benzene. Elemental

analysis (C, H, and N) was performed on a Carlo Erba 1108

C, H, N analyzer at the Sophisticated Analytical Instru-

mentation Facility, CDRI, Lucknow, India. Infrared spectra

were recorded on a Spectrum BX Series in the range

4000–400 cm-1 and far-IR spectra were recorded as a

Nujol mull over CsI disks using a Magna-IR Spectropho-

tometer-550 instrument in the range 600–50 cm-1. The UV

spectra were recorded in chloroform solution at room

temperature on a Shimadzu UV-1700 UV–Vis spectro-

photometer within a range 400–200 nm. NMR spectra

were recorded in CDCl3 solution on High-resolution mul-

tinuclear FT-NMR spectrometer operated at 400.23 and

100.63 MHz for 1H and 13C, respectively. The TG and

DTA analyses were carried out in inert atmosphere on

Mettler STARe SW 8.10 model. The FAB? mass spectra

were recorded on a Jeol SX 102/Da-600 mass spectrome-

ter/Data System using Argon/Xenon as the FAB gas.

Powder X-ray diffraction studies performed on diffrac-

tometer system XPERT-PRO using CuKa radiation at a

wavelength of 1.54 Å and SEM studies performed on a

Jeol JSM 5600 having magnification range 92500–10 lm

and at accelerating voltage of 0.5–30 kV.

Synthesis of antimony(III)

bis(pyrrolidinedithiocarbamato)alkyldithiocarbonates

Equimolar amounts of antimony(III) bis(pyrrolidine-

dithiocarbamate) chloride (2.1 g, 4.66 mmol) and potas-

sium iso-propyl dithiocarbonate (0.78 g, 4.66 mmol) in

anhydrous benzene (*20 mL) and carbon disulfide

(*20 mL) mixture were stirred for *4 h at room tem-

perature. Precipitated potassium chloride (0.33 g) was

removed by filtration. The solvent was removed under

reduced pressure and we get a bright yellow colored solid

product which was crystallized in dichloromethane

[yield = 2.4 g (95%), m.p. = 160 �C]. All the other

derivatives were prepared by adopting similar methods.

The pertinent analytical and physicochemical data for these

complexes are summarized in Table 1.

Results and discussion

Synthesis

Mixed antimony(III) bis(pyrrolidinedithiocarbamato)

alkyldithiocarbonates were synthesized by the reactions

of antimony(III) bis(pyrrolidinedithiocarbamate) chloride

with potassium organodithiocarbonates in an equimolar

ratio in anhydrous benzene and carbon disulfide mixture by

stirring at room temperature for *4 h (Scheme 1).

All these newly synthesized derivatives are bright

yellow-colored solids and are soluble in common organic

solvents like chloroform, benzene, dichloromethane, DMF,

and DMSO. The elemental analysis and molecular weights

were also in accordance with molecular formulae.

UV spectral studies

The UV absorption spectral data of these mixed anti-

mony(III) bis(pyrrolidinedithiocarbamato)alkyldithiocar-

bonates are listed in Table 2, and tentative assignments of

the important characteristic bands were made with the help

of earlier publications [29–33], which help us to understand

structural properties and bonding of the complexes syn-

thesized. The salient points in the UV spectra of the mixed

ligand dithiocarbamate–xanthate complexes are the pres-

ence of three bands in a range 200–400 nm. First band

appears in a range 246–253 nm is due to intraligand

p ? p* transition of the NCS group of the dithiocarbamate

moiety and this band partly obscured, the band of xanthate

moiety which also appears at 245 nm due to an n ? r*

electronic transition of the xanthate moiety; therefore, it is

rather difficult in mixed dithiocarbamate–xanthate com-

plexes to assign the bands unambiguously to either the

dithiocarbamate or the xanthate group [30]. Second band
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that appears as a shoulder within a range 310–315 nm is

attributed to p ? p* transition of the SCS group. The

similar observation has been made for third band which

also appears as a shoulder within a range 358–362 nm and

attributed to either an n ? p* transition located on the

sulfur atom or a ligand ? d orbital transition [33].

IR and far-IR spectral studies

IR and far-IR spectral data of these newly synthesized

complexes are listed in Table 2. Some notable features

exist in the IR spectra of the mixed ligand dithiocarba-

mate–xanthate complexes are the bands in the region

1200–1300 cm-1; this band is attributed to the asymmetric

stretching vibration of the C–O bond in the OCS2 group.

The position of this band indicates that the contribution of

the xanthate group to the structure of the complex is less

than the corresponding structure of the dithiocarbamate

group as alkoxy group is weaker electron donor than the

dialkylamino group [30].

The band absorbing in the region 1160–1200 cm-1 is

assigned to the symmetric stretching vibration of the C–O

group. All these complexes show medium to strong

intensity absorption bands in the region 1030–1043 cm-1

due to C–S stretching vibrations of both diorganodithioc-

arbamate as well as organodithiocarbonate moieties, indi-

cating the bidentate nature of both ligands used [25, 34].

The band attributed to the stretching vibration of the C–N

bond of the dithiocarbamate group absorbs in the region

1434–1462 cm-1 while medium to weak band absorbs in

the region 280–320 cm-1 due to Sb–S bond [26, 29].

1H NMR

The 1H NMR spectral data of antimony(III) bis(pyrrolidin

edithiocarbamato)alkyldithiocarbonates exhibited the expec-

ted patterns [25, 26, 34, 35] as shown in Table 3, pyrrolidi-

nedithiocarbamate moiety appears as a complex pattern

within a range 2.01–2.38 ppm and at 3.44–3.82 ppm for CH2

and NCH2 proton resonance, respectively. While xanthate

moiety gives different patterns according to alkyl group

present. As in the complexes having ethyl and methyl groups

show triplet at 1.41–1.45 ppm and a quartet at 4.59–4.64 ppm

due to proton resonance of CH3 and OCH2 of ethyl group,

respectively, and a singlet at 4.2 ppm due to CH3 of methyl

group.

Complexes having n-propyl and iso-propyl groups in

respective ligand show triplet at 0.98–1.02 ppm due to CH3

proton resonance, multiplet within a range 1.81–1.86 ppm

and again a triplet at 4.49–4.53 ppm due to CH2 and OCH2

proton resonance of n-propyl, respectively, while in the case

of iso-propyl a doublet at 1.40–1.42 ppm and a complex

pattern at 5.60–5.66 ppm due to CH3 and OCH protonT
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resonances appears, respectively. On the other hand n-butyl

group shows triplet at 0.92–0.97 ppm, a complex pattern at

1.21–1.48 ppm and a triplet 4.53–4.57 ppm due to CH3

(CH2)2 and OCH2 proton resonances, respectively, and

isobutyl group exhibits a doublet at 0.98–1.00 ppm, a

multiplet at 1.21–1.65 ppm, and a doublet at 4.32–4.34 ppm

due to CH3, CH, and OCH2 proton resonances, respectively.

13C NMR

The proton decoupled 13C NMR spectra as shown in

Table 3 were recorded in CDCI3, and assignments were

made on the basis of previously reported data. These

complexes showed characteristic resonances due to both

pyrrolidinedithiocarbamate and alkyldithiocarbonates and

in good agreement with previously reported data [25, 26,

34, 35]. Pyrrolidinedithiocarbamate gives characteristic

peak within a range 25.66–25.89 ppm due to CH2,

53.26–53.49 ppm due to NCH2, and 194.81–195.08 ppm

which is due to NCS2 carbons of dithiocarbamate. On the

other hand, these derivatives also exhibit the expected

signals due to resonances of the corresponding methyl,

ethyl, n-propyl, iso-propyl, n-butyl, and iso-butyl carbons

of organodithiocarbonate moiety as indicated in Table 3

and are fairly comparable with the earlier reported data.

Thermal studies

TG and DTA studies

Thermal behavior of the two synthesized complexes,

namely, [(CH2CH2)2NCS2]2SbS2COCH2CH2CH3 and [(CH2

CH2)2NCS2]2SbS2COCH(CH3)2 have been analyzed [26]

in an inert atmosphere in a range 25–600 �C as shown in

Table 4 for both complexes. Thermogravimetric analysis

of complexes in which we analyze a change in the weight

of the substance as a function of temperature or time

indicates formation of metal sulfide as a final decomposi-

tion product [28]. In the case of complex [(CH2CH2)2

NCS2]2SbS2COCH2CH2CH3 in Table 4 we observed

three-step weight losses as shown in Fig. 1. First decom-

position occurs within a range 25–215 �C in which most of

the organic part of the ligand has lost and we get [(CHCH)2

NCS2]2 and � Sb2S3 as a remaining fragment. In second

step of weight loss remaining part further decompose and

we get � Sb2S3 and –NC– as a decomposition product

occur in a range 215–400 �C and in third step as a final

decomposition product � Sb2S3 formed in a temperature

range 400–600 �C which is also confirmed by remaining

material percentage 29.21 (30.90).

On the other hand complex [(CH2CH2)2NCS2]2SbS2

COCH(CH3)2 shows four step weight losses as shown in

Fig. 2, in first step which occur in a range 25–220 �C

most of the organic part lost and [(C–C–C)NCS2]2 and �
Sb2S3 remained as a fragment further loss which occur in

220–345 �C gives � Sb2S3 and � C2S as a remaining

part. Third step from 345–460 �C in which along with

metal sulfide some part of sulfur remained which again

lost in fourth and final step of decomposition and we get

� Sb2S3 as a final product in which remaining percent

obtained is 27.31 (30.90) which also support formation of

metal sulfide as a final product. Thus by the help of

thermogravimetry studies of complexes we not only

determine purity and thermal stability of the complex but

also composition of the complex as well which we

observed during different steps of weight losses as a

fragment formed in different temperature ranges.

In addition to TG analysis, DTA studies are helpful in

order to determine type of reaction which occur during

decomposition process as during first decomposition step

of complex [(CH2CH2)2NCS2]2SbS2COCH2CH2CH3 we

get endothermic peak at 165 �C temperature and in second

step a sharp endothermic peak appears at 275 �C temper-

ature in Fig. 1, which shows that type of reaction occur

[(CH2CH2)2NCS2]
2
 SbCl + KS2COR [(CH2CH2)2NCS2]

2
 SbS2 COR + KCl↓Benzene + CS2

Scheme 1 Reaction of antimony(III) bis(pyrrolidinedithiocarbamate) chloride with Potassium organodithiocarbonate in equimolar ratio (Where

R = methyl, ethyl, n-propyl, iso-propyl, n-butyl and iso-butyl)

Table 2 UV nm and IR cm-1 spectral data of antimony(III) bis(pyrrolidinedithiocarbamato)alkyldithiocarbonates

Compound I Band II Band III Band mC–N mC–S mC–O–C mC–O mSb–S

1 252.44 310 360 1443 s 1036 s 1244 s 1199 s 316 m

2 253.93 312 362 1443 m 1030 s 1220 m 1187 m 302 w

3 253.96 315 363 1434 s 1035 s 1244 s 1200 s 315 w

4 252.28 314 358 1435 m 1030 s 1220 m 1160 m 280 w

5 252.39 311 361 1436 m 1034 s 1240 m 1191 m 302 w

6 246.02 314 361 1462 s 1043 s 1244 s 1180 m 310 w
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during decomposition of complex is endothermic. Simi-

larly in case of complex [(CH2CH2)2NCS2]2SbS2COCH

(CH3)2 first endothermic peak obtained at 180 �C and

another sharp peak obtained at 280 �C temperature in

Fig. 2, also indicates that type of reaction during weight

losses are endothermic. In case of both complexes first

endothermic peak appears as a broad peak which shows

loss of organic part of ligand which is not thermally stable

such type of peak also arise from dehydration reaction

while a sharp endothermic peak which we obtained later in

both complexes show change in crystallinity or fusion

process. Physical changes usually result in endothermic

curve and chemical reactions particularly of oxidative

nature are mostly exothermic [28].

FAB? mass spectral studies

FAB? mass spectra of few of the synthesized complexes,

namely, [(CH2CH2)2NCS2]2SbS2COCH2CH2CH3 and [(CH2

CH2)2NCS2]2SbS2COCH(CH3)2 have been recorded and

possible assignments of the fragments with relative abun-

dance and their m/z ratio have been shown in Table 5 and 6,

respectively. It follows the similar fragmentation pattern as

reported in earlier complexes [30]. Spectrum contains neither

Table 3 1H and 13C spectral data of antimony(III) bis(pyrrolidinedithiocarbamato)alkyldithiocarbonates

Compound 1H Chemical shifts/ppm 13C Chemical shift/ppm

1 2.03–2.26, m, 8H CH2 of dtc; 3.44–3.82, m, 8H NCH2

of dtc; 4.25, s, 3H CH3 of xan

25.89 CH2 of dtc, 53.49 NCH2 of dtc

60.86 CH3 of xan,

2 1.43, t, 3H CH3 of xan j = 7.20 Hz; 2.02–2.06, m, 8H CH2 of dtc; 3.79–3.82,

m, 8H NCH2 of dtc; 4.62, q, 2H OCH2 of xan j = 7.20 Hz

13.88 CH3 of xan, 25.71 CH2 of dtc

53.29 NCH2 of dtc, 70.64 OCH2 of xan

195.08 NCS2 of dtc

3 1.00, t, 3H CH3 of xan j = 6.80 Hz; 1.81–1.86, m, 2H CH2 of xan 10.26 CH3 of xan, 21.63 CH2 of xan

2.01–2.08, m, 8H CH2 of dtc; 3.78–3.82, m, 8H NCH2 of dtc; 4.51, t,

2H OCH2 of xan j = 6.80 Hz

25.66 CH2 of dtc, 53.26 NCH2 of dtc

76.25 OCH2 of xan, 194.84 NCS2 of dtc

4 1.41, d, 6H CH3 of xan j = 6.40 Hz; 2.01–2.08, m, 8H CH2 of dtc;

3.78–3.82, m, 8H NCH2 of dtc; 5.63, complex, 1H OCH2 of xan

j = 6.40 Hz

21.32 CH3 of xan, 25.66 CH2 of dtc

53.27 NCH2 of dtc,78.98 OCH2 of xan

194.81 NCS2 of dtc

5 0.95, t, 3H CH3 of xan j = 6.60 Hz; 1.21–1.48, m, 2H CH2CH3 of xan 13.74 CH3 of xan, 19.15 CH2 of xan

1.74–1.96, m, 2H CH2CH2 of xan; 2.03-2.38, m, 8H CH2 of dtc 25.83 CH2 of dtc, 30.67 CH2 of xan

3.66–3.80, m, 8H NCH2 of dtc; 4.5, t, 2H OCH2 of xan j = 6.60 Hz 53.44 NCH2 of dtc, 74.92 OCH2 of xan

194.88 NCS2 of dtc

6 0.96, d, 6H CH3 of xan j = 6.60 Hz; 1.00–1.96, m, 1H CH of xan; 2.03–2.38,

m, 8H CH2 of dtc; 3.78–3.82, m, 8H NCH2 of dtc; 4.3, d, 2H OCH2 of xan

j = 6.60 Hz

19.15 CH3 of xan, 25.83 CH2 of dtc

30.95 CH of xan, 53.43 NCH2 of dtc

81.03 OCH2 of xan, 194.89 NCS2 of dtc

223.25 OCS2 of xan

Table 4 Thermal analysis TG and DTA of antimony(III) bis(pyrrolidinedithiocarbamato)n-propyldithiocarbonates and antimony(III)

bis(pyrrolidinedithiocarbamato)iso-propyldithiocarbonates

TG DTA

Step Temperature range/�C Different loss % found/calculated Remaining fragments Temperature Type of reaction

I 25–215 A, 25–220 B 17.06/17.23/A [(CHCH)2NCS2]2 ? � Sb2S3 A 165 �C A Endothermic A

Endothermic B23.35/23.36/B (NCS2)2 ? COC3H7 ? � Sb2S3 B 180 �C B

II 215–440 A, 220–345 B 47.59/47.30/A � Sb2S3 ? –NC– A 275 �C A Endothermic A

23.35/23.36/B � Sb2S3 ? � C2S B Endothermic B280 �C B

III 440–600 A,345–460 B 70.79/70.73/A,1.82/1.73/B � Sb2S3 A, � Sb2S3 ? –� S– B – –

IV 460–600 B 72.89/71.37/B � Sb2S3 B – –

Total loss percent = 70.79 A Remaining material = [� Sb2S3] A = 29.21/30.90/A

Total loss percent = 72.89 B Remaining material = [� Sb2S3] A = 27.31/30.90/B

A = [(CH2CH2)2NCS2]2SbS2COCH2CH2CH3

B = [(CH2CH2)2NCS2]2SbS2COCH(CH3)2
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any peak higher than the monomer nor any peak arising from

polyantimony species which may exclude the possibility of

molecular association in these complexes [36]. Generally

complexes of antimony depict no detectable molecular ion

peak [37] yet we get a weak molecular ion peak in case of

complex[(CH2CH2)2NCS2]2SbS2COCH(CH3)2 absence of

molecular ion peak may be due to pyrolytic decomposition

because of relatively high temperature or due to the frag-

mentation of the molecular ion in the ionization chamber

[38], base peak of both complexes for (CH2CH2)2NCS2
?

fragment and in addition to this major fragmentation

obtained for dithiocarbamate group rather than xanthate

whose fragments doesn’t appear after three to fourth step of

fragmentation which shows that the xanthate ligand is

weaker chelating agent than dithiocarbamate [30]. The

fragmentation of complex appears to start with sequential

loss of alkyl group from xanthate to dithiocarbamate [39].

Powder X-ray diffraction and SEM studies

Powder X-ray diffraction pattern of two of the synthesized

complexes [(CH2CH2)2NCS2]2SbS2COCH2CH2CH3 and

[(CH2CH2)2NCS2]2SbS2COCH(CH3)2 have been analyzed

on the basis of earlier reported data [29] and shown in
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Tables 7 and 8. Complexes have monoclinic crystal lattice

with unit cell volume V = 1026.96 9 10-8 and V =

1234 9 10-8 cm3, respectively, for both complexes and

are polycrystalline in nature, particle size obtained by

Scherrer formula shows that nanorange particle formed

having particle size 68 and 61 nm for complexes [(CH2

CH2)2NCS2]2SbS2COCH2CH2CH3 and [(CH2CH2)2NCS2]2

SbS2COCH(CH3)2, respectively. In some cases deviation

between the calculated and observed value of interplanar

distance (d) may exceed up to two as observed in Table 7

which shows that synthesized complexes are in multiphase,

as we synthesized mixed ligand complexes which have

characteristics of both ligands as observed in X-ray

diffraction pattern of both complexes in Figs. 3 and 4,

respectively. We obtained interplanar distances matched

with both dithiocarbamate and xanthate ligands, have stan-

dard diffraction card JCPDS 44-1893, 42-1821, and

37-1565. Monoclinic crystal lattice shows that complexes

have lower symmetry which is due to complex nature and

lone pair of electron present on antimony which does not

take part in bonding and results in distorted geometry of

complex. On the other hand Scanning Electron Microscopic

studies have been done which image the sample surface by

scanning it with a high-energy beam of electrons in a raster

scan pattern, i.e., the rectangular pattern of image capture

and reconstruct it.

In the case of complex [(CH2CH2)2NCS2]2SbS2

COCH2CH2CH3 rod shaped particles formed which

appears agglomerates in some places under magnification

Table 5 FAB? mass spectral data of antimony(III) bis(pyrrolidine-

dithiocarbamato)n-propyldithiocarbonates

S�No. Mass

no. m/z
Relative

abundance /%

Possible formula of the fragments

1. 546 10 [(CH2CH2)2NCS2]2SbS2COC3H4
?

2. 534 20 [(CH2CH2)2NCS2]2SbS2COC2H4
?

3. 532 12 [(CH2CH2)2NCS2]2SbS2COC2H2
?

4. 518 15 [(CH2CH2)2NCS2]2SbS2COC?

5. 412 92 [(CH2CH2)2NCS2SbS2CN(CH2–

CH2–CH2–C]?

6. 400 12 [(CH2CH2)2NCS2SbS2CN(CH2–

CH2–CH2)]?

7. 384 15 [(CH2CH2)2NCS2SbS2CN(CH2–C)]?

8. 300 30 (CH2CH2)2NCS2SbS?

9. 268 30 (CH2CH2)2NCS2Sb?

10. 147 100 (CH2CH2)2NCS2
?

11. 115 75 (CH2CH2)2NCS?

12. 107 15 (C–C)2NCS?

Table 6 FAB? mass spectral data of antimony(III) bis(pyrrolidine-

dithiocarbamato)iso-propyldithiocarbonates

S.No. Mass

No.

m/z

Relative

abundance

/%

Possible formula of the

fragments

1. 549 10 [(CH2CH2)2NCS2]2SbS2COC3H7
i

2. 534 20 [(CH2CH2)2NCS2]2SbS2COCH–CH3
?

3. 532 18 [(CH2CH2)2NCS2]2SbS2COCH–CH?

4. 490 5 [(CH2CH2)2NCS2]2SbS2C?

5. 412 30 (CH2CH2)2NCS2SbS2CN(CH2–CH2–

CH2–C)?

6. 400 15 (CH2CH2)2NCS2SbS2CN(CH2–CH2–

CH2)?

7. 398 10 (CH2CH2)2NCS2SbS2CN(CH2–CH2–C)?

8. 384 8 (CH2CH2)2NCS2SbS2CN(CH2–C)?

9. 300 10 (CH2CH2)2NCS2SbS?

10. 268 30 (CH2CH2)2NCS2Sb?

11. 147 100 (CH2CH2)2NCS2
?

12. 115 30 (CH2CH2)2NCS?

13. 107 8 (C–C)2NCS?

Table 7 The experimental data and the calculated results for powder

X-ray diffraction pattern of antimony(III) bis(pyrrolidinedithio-

carbamato)n-propyldithiocarbonates

2h/� d spacing in

Å
´

observed

d spacing in

Å
´

calculated

Relative

intensity/%

hkl

7.58 11.66 14.01 19.09 100

9.52 9.28 8.00 100 110

12.13 7.29 7.10 18.84 200

15.27 5.79 5.55 10.01 002

18.52 4.78 5.18 15.80 111

20.02 4.43 4.80 7.00 210

21.33 4.16 4.23 3.54 012

23.07 3.85 2.77 34.40 320

24.30 3.66 3.83 6.13 310

25.15 3.54 3.70 1.07 003

27.29 3.26 3.24 6.45 31-2

28.65 3.11 3.10 5.26 113

30.08 2.97 3.08 7.39 312

30.63 2.91 2.89 6.99 402

31.80 2.81 2.79 4.44 41-2

33.12 2.70 2.59 6.85 313

33.71 2.65 2.67 9.90 104

34.12 2.62 2.81 9.27 022

36.61 2.45 2.26 4.59 40-4

38.02 2.36 2.32 3.24 304

39.01 2.30 2.36 4.97 600

43.33 2.08 2.09 2.67 12-4

46.24 1.96 2.15 1.58 51-4

Lattice parameters calculated a = 14.19 Å
´

, b = 6.52 Å
´

, and c =

11.1 Å
´

; Angle b = 94.28�
Unit volume of cell V = 1026.96 9 10-8 cm3, Particle size of

complex 68 nm
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of 9450–50 lm. Their shape appears clearly under deep

magnification of 92500–10 lm as shown in Fig. 5 while

rough surface appears in complex [(CH2CH2)2NCS2]2SbS2

COCH(CH3)2 in both magnifications which depicts crys-

talline nature of the complex as shown in Fig. 6.

X-ray diffraction studies help us to understand structural

characteristics like crystal lattice, lattice parameters, lattice

angle, unit cell volume and particle size of the complex

while SEM studies show external morphology contains

surface properties thus powder XRD in combination to

SEM studies gives characteristic information about com-

plex by which may elaborate more about structural chem-

istry of the complex.

Structural elucidation

In IR spectra of all antimony complexes presence of dis-

tinct signal in the region 1030–1043 cm-1 due to m(C–S)

stretching vibrations which is due to both pyrrolidine-

dithiocarbamate and alkyldithiocarbonate moieties indicate

Table 8 The experimental data and the calculated results for powder

X-ray diffraction pattern of antimony(III) bis(pyrrolidinedithio-

carbamato)iso-propyldithiocarbonates

2h/� d spacing in

Å
´

observed

d spacing in

Å
´

calculated

Relative

intensity/%

hkl

7.78 11.41 11.47 10.63 100

9.54 9.25 7.30 100 110

15.30 5.79 5.79 3.91 002

16.98 5.20 4.94 3.93 102

17.1 5.17 6.32 8.64 11-1

18.96 4.67 4.66 5.38 020

19.64 4.50 4.47 4.22 21-1

20.34 4.35 4.34 3.23 120

23.36 3.81 3.56 9.29 11-2

27.24 3.28 3.41 3.85 112

28.48 3.13 2.54 4.45 322

30.48 2.93 2.42 2.72 402

31.10 2.87 2.94 3.29 320

32.66 2.74 2.73 3.13 230

33.88 2.65 2.77 2.69 104

34.24 2.62 2.67 3.80 23-1

35.96 2.50 3.02 4.99 302

36.02 3.93 2.49 2.63 231

39.56 2.28 2.29 2.82 140

Lattice parameters calculated a = 11.41 Å
´

, b = 9.34 Å
´

, and c =

11.58 Å
´

; Angle b = 96.65�
Unit volume of cell V = 1234 9 10-8 cm3, Particle size of complex

61 nm
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Fig. 3 Powder X-ray diffraction pattern of antimony(III) bis(pyrro-

lidinedithiocarbamato)n-propyldithiocarbonate
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Fig. 4 Powder X-ray diffraction pattern of antimony(III) bis(pyrro-

lidinedithiocarbamato)iso-propyldithiocarbonate

Fig. 5 SEM image of complex antimony(III) bis(pyrrolidinedithio-

carbamato)n-propyldithiocarbonate at a magnification of 92500–

10 lm
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the anisobidentate nature of both ligands to the metal where

one of the sulfur atom is weakly coordinated, thus leading

to a distorted octahedral geometry with a stereochemically

active lone pair of electrons occupying one of the triangular

face of the octahedral Fig. 7. Distorted octahedral geome-

try have also been supported by monoclinic crystal system

which also indicates lower symmetry of the complex thus

in addition to IR spectral studies powder X-ray diffraction

and SEM studies of the complex shows that synthesized

complexes are crystalline in nature, rough surface, nanor-

ange particle size and having distorted octahedral geometry

with monoclinic crystal system.
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