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Abstract

Synthesis and characterization of metal dithiocadita complexes dfi', N>-dicinnamylpropane-
1,3-diamine N*,N*-dicinnamylbutane-1,4-diamine amd,N°-dicinnamylhexane-1,6-diamine are
reported. The ligands are prepared using cinnarngtiieand primary diamines to provide the
corresponding diimines, followed by reduction witteBH, to afford the corresponding
secondary diamines. Diamines react with carbonlfiisuin basic medium to furnish the
corresponding bis(dithiocarbamate) salts, which eswent complexation with metals. The
prepared complexes were characterized by'tRand**C NMR, TGA and elemental analyses.
Although the dinuclear metal dithiocarbamate magrtic complexes were obtained frax,N°-
dicinnamylhexane-1,6-diamine, the propane and leutiiamines afforded the corresponding
polymers The synthesized complexes do not show any crystafphase even in long lasting
terms. Electron microscopy obviously shows that theterial is amorphous, and X-ray
diffraction technique is employed to investigatenatatom distances in the molecule via the
Fourier transform analysis of XRD data collectegtirpowder sample.

Keywords: Dithiocarbamate, Transition metals, cinnamaldehytleamine, radial distribution
function, X-ray diffraction



1. Introduction

Dithiocarbamates (DTCs) are one of the key compisnierthe field of chemistry science. These
compounds have myriad applications that range aveariety of scientific subjects, such as
medicine, agriculture, organic synthesis, biochémyisubber industryetc [1-5]. The function

of DTCs is not limited to these fields, and in fateir full potential is yet to be discovered. In
recent years, these compounds have also beenedtibs beneficial intermediates for the

synthesis of electron donor polymers in plastiasotlls [6-8].

The very existence of two sulfur atoms in a DTCugrdnas bestowed an extraordinary feature
upon these materials which provides the possibibtystabilize a panoramic variety of metal
ions. Due to the fact that these compounds hawmsiderable sturdy complexion ability, DTCs
are known as bidentate ligands, whose high yietds@mplex diversities with various metals

have been well documented [9].

Besides their complexation behavior, they were iadpin many fields, such as producing
chemical drugs [10], functioning as intermediatasorganic synthesis [11], and protecting
groups in peptide synthesis [12]. Being particyléaneficial forerunners for the development of
metal nanopatrticles, dithiocarbamate complexes Bhoen diverse applications in the realm of
nanoscience [13-16]. These complexes are alsoemppls catalysts in the chemoselective
reduction of azides [17]. In fact, with severalpontant applications for DTC complexes, it
seems that any progress in this field has beenyttedicated by the fact that these complexes
are effective agents to metal-extraction studie®19]. Interestingly, they have a particular

capability to react with NO that makes them ide@-Mapping agents [20-21].

In addition to the mentioned applications, DTC figehas proved to be an efficient and robust
motif for the formation of extremely useful struats, such as macrocycles, cages, catenanes,
and nano-dimensional assemblies. Dinuclear macliocgomplexes of DTCs can be simply
formed by coordination of transition metals withpegpriate bis(dithiocarbamate) salts. Such
cyclic complexes with tunable internal dimensioas te applied as host for cationic, anionic,
and neutral guest species [22]. Recently, dinudeaganotin (1V) dithiocarbamate macrocycles
have been synthesized from,JRCL and the bis(dithiocarbamate) derivative BN -
dibenzylhexamethylene-1,6-diamine [23]. In additipioneering works in this field by Paul D.
Beer research group are noteworthy [24].



In continuation of our research on the chemistrditfiocarbamates [25], in the present work,
the complexation behavior of the DTCsNf N -dicinnamylalkane-h-diamines with transition
metals is investigated. We report the complexatieaction of dithiocarbamates o N>
dicinnamylpropane-1,3-diamine, N*,N*-dicinnamylbutane-1,4-diamine and N N°-
dicinnamylhexane-1,6-diamine with various metalsi@ room temperature. To the best of our
knowledge, there has been no report for complexagaction of these ligands with metal ions
up to now. At last, the structures of the complexsverified by IR'H NMR, **C NMR, CHN,
and TGA analyses. The electron microscopy is edito investigate the probable formation of
crystalline phase with a clear look at the topogyapf powder. The powder sample is analyzed
by X-ray diffraction and the Radial Distribution iketion (RDF) analysis of the specimen shows

guantitative real space typical lengths formechmrmnolecule.
2. Experimental Section
2.1. General

The solvents and reagents were of analytical grilde NMR spectra were recorded on a Bruker
500 MHz spectrometer. FT-IR spectra were recorded\BB Bomem, MB 100 spectrometer.
Elemental analyses were conducted with a PerkireEIl2004 (I) CHN analyzer.
Thermogravimetric analysis (TGA) was performed gsfgilent Technology (HP) Quadrupole
Analyzer (Netzsch - TGA 209 F1) on samples (6.80fanga, 6.08 mg for8a and 5.74 mg for

8b by weight) at a heating rate of 20°C fhiretween room temperature and 600 °C under a flow
of nitrogen. FESEM elecron microscopy is utilizexd ibhvestigate probable formation of any
crystalline phase. The results show obviously tizatrystalline phases are present in the sample
and the material is grown in completely amorphooisnt This result is justified by XRD

experiments showing the diffuse peaks in the diféd data, too.
2.2. General procedurefor synthesisof diimines

Cinnamaldehyde (2 mmol) was dissolved in 0.5 mldf ethanol and diamine (Immol) was
added to the reaction flask. The mixture of thectiea was refluxed for 2 hours at 80 °C. The
product was simply achieved by evaporation of thigent as a yellow solid. The yield of the
reaction was 79% for 1,3-propane diamine, 82% féthllitane diamine and 75% for 1,6-hexane

diamine.



[(OE,4E)-N*,N3-bis((E)-3-phenylallylidene)propane-1,3-diaminedal: IR (KBr) v 689,
749, 1164, 1620, 1639, 3028 ¢ntH NMR (500 MHz, CDCJ) ¢ 8.08 (dd, 2H,)= 1 and 7 Hz,
2CH=N), 7.36-7.52 (m, 10H, 2685s), 6.96-6.97 (m, 4H, 15-CH=CH«*2), 3.63 (t, 4HJ= 6.7
Hz, 2NCH), 2.08 (m, 2H, NCHCH,) ppm;**C NMR (125 MHz, CDGJ) 6 163.4, 141.9, 136.2,
129.5, 129.2, 128.6, 127.6, 59.5, 32.4 ppm.

[(9E,14E)-N*,N*-bis((E)-3-phenylallylidene)butane-1,4-diamine3b): IR (KBr) v 689,
749, 1184, 1620, 1639, 3028 ¢ntH NMR (500 MHz, CDCY) ¢ 8.07 (dd, 2H,)= 1 and 7 Hz,
2CH=N), 7.30-7.51 (m, 10H, 2€), 6.94-6.96 (M, 4H, &is-CH=CH*2), 3.60-3.63 (t, 4HJ=
6.7 Hz, 2NCH), 1.78-1.79 (m, 4H, 2NC}H,) ppm; *C NMR (125 MHz, CDG) § 163.1,
141.8, 136.2, 129.5, 129.2, 128.6, 127.6, 61.8, gpm.

[(9E, 16E)-N*,N°-bis((E)-3-phenylallylidene)hexane-1,6-diaminéc): IR (KBr) v 689, 745,
1176, 1620, 1635, 3052 ém'H NMR (500 MHz, CDCJ) ¢ 8.05 (dd, 2HJ = 1 and 7 Hz,
2CH=N), 7.30-7.52 (m, 10H, 2€), 6.94-6.96 (M, 4H, gHs-CH=CH*2), 3.54-3.57 (t, 4HJ=
6.7 Hz, 2NCH), 1.71-1.74 (m, 4H, 2NC}€H,), 1.43-1.45 (m, 4H, 2NCHH,CH,) ppm; *C
NMR (125 MHz, CDC}) 6 162.8, 141.6, 136.2, 129.4, 129.2, 128.7, 127.8),81.3, 27.6 ppm.

2.3. General procedurefor synthesisof diamines

Diimine (1 mmol) was dissolved in methanol and sadiborohydride (4 mmol) was added
to the reaction in 0°C. The mixture was stirredraight at room temperature. In completion,
water (10 mL) was added and the product was ertlaby dichloromethane (10 mL). The
organic layer was dried over p&0O, and the pure diamine was produced after evapgr#tie
solvent as a yellow viscous liquid in 95% for 1/®pane diamine4g), 87% for 1,4-butane
diamine @b) and 90% for 1,6-hexane diamirk),

N*,N3-dicinnamylpropane-1,3-diamind4): IR (KBr) v 693, 741, 967, 1120, 1635, 3422°cm
L I1H NMR (500 MHz, CDC}) ¢ 7.20-7.36 (m, 10H, 26s), 6.50 (d, 2H,J= 16 Hz, GHs-
CH=CH), 6.28 (dt, 2HJ= 6.5 and 16 Hz, 1s-CH=CH), 3.39-3.42 (m, 4H, 2NG} 2.70-2.76
(t, J= 6.5 Hz, 4H, 2NCH), 1.72-1.74 (m, 2H, NCHCH,) ppm;**C NMR (125 MHz, CDGJ) ¢
137.6, 131.6, 128.9, 127.8, 127.7, 126.7, 52.4,48.8 ppm.

N*,N*-dicinnamylbutane-1,4-diamindl): IR (KBr) v 693, 741, 971, 1124, 1647, 3471tm
'H NMR (500 MHz, CDC}) 6 7.26-7.43 (m, 10H, 26ls), 6.55 (d, 2H,J=16 Hz, 2GHs-



CH=CH), 6.31 (dt, 2HJ= 16 and 6.5 Hz, 2ls-CH=CH), 3.45-3.46 (dd, 4H= 6.4 and 1.5 Hz,
2NCHy), 2.71-2.74 (t, 4H)= 6.5 Hz, 2NCH), 1.61-1.63 (m, 4H, 2NC}CH,) ppm; **C NMR
(125 MHz, CDC}) 6 137.5, 131.6, 128.9, 128.5, 127.7, 126.6, 52.3],458.4 ppm.

N, N®-dicinnamylhexane-1,6-diamindd): IR (KBr) v 697, 745, 967, 1128, 1651, 3426'tm
'H NMR (500 MHz, CDGC}) 6 7.24-7.42 (m, 10H, 2s), 6.54-6.58 (d, 2HJ)=16 Hz, 2GHs-
CH=CH), 6.31-6.37 (dt, 2H]= 16.0 and 6.5 Hz, 26s-CH=CH), 3.43-3.45 (d, 4H}=6.5 Hz,
2NCH,), 2.67-2.7 (t, 4HJ= 6.5 Hz, 2NCH), 1.55-1.58 (m, 4H, 2NC}€H,), 1.4-1.41 (m, 4H,
2NCH,CH,CH,) ppm;**C NMR (125 MHz, CDGJ) ¢ 137.6, 131.6, 129.0, 128.9, 127.7, 126.7,
52.4, 49.9, 30.6, 27.8 ppm.

24, General procedurefor synthesisof DTC complexes

Diamine (1 mmol) was dissolved in 2 mL methanol aodium hydroxide (2 mmol) was
added to the reaction container. After 10 minu@s, (3 mmol) was added to the flask and the
reaction was continued for 4-5 hours to complegesitdium bis(dithiocarbamate) salt formation.
Finally, the ultimate complexes were produced Wiih in situ addition of metal salts solutions
(2 mmol in appropriate solvent in Tab. 1). The cterps were readily filtered and washed with
methanol and water for several times to remove wmgacted starting materials and dried in
vacuum at 70 °C for 24h to provide the complexestalsle solids in high yields of 73-92%.

(6a): IR (KBr) v 693, 749, 967, 1220, 1422, 1490, 1655'¢cAnal. Calcd for GsH24N»S4Zn:
C,52.91; H, 4.63; N, 5.37. Found: C, 50.36; H34%894.

(6b): IR (KBr) v 696, 745, 962, 1220, 1429, 1496, 1601 crnal. Calcd for GaH24N,SuNi:
C, 53.60; H, 4.69; N, 5.44. Found: C, 52.15; H,/5I8, 6.50.

(6): IR (KBr) v 693, 741, 963, 1220, 1418, 1486, 1623'cnal. Calcd for GsH,4N,S,Pd:
C, 49.06; H, 4.30; N, 4.97. Found: C, 46.65; H04 M4, 5.38.

(6d): IR (KBr) v 698, 747, 965, 1204, 1417, 1492, 1625'¢cAinal. Calcd for GsHa4N-S4Hg:
C, 42.03; H, 3.68; N, 4.26. Found: C, 41.80; HO3N, 5.01.

(6€): IR (KBr) v 605, 737, 967, 1212, 1406, 1474, 1643'cAnal. Calcd for GsHo4NoS4Pb:
C,41.61; H, 3.64; N, 4.22. Found: C, 40.8; H, 3/664.98.



(7a): IR (KBr) v 697, 749, 967, 1212, 1422, 1490, 1636 chd NMR (500 MHz, DMSO-
ds) 6 7.24-7.31 (m, 20H, 4¢Els), 6.58-6.64 (d, 4HJ= 16.0 Hz, 4GHs-CH=CH), 6.33 (m, 4H,
4CgHs-CH=CH), 4.62 (m, 8H, 4NCh, 3.84 (t, 8H,J= 6.5 Hz, 4NCH), 1.75 (m, 8H,
ANCH,CHy) ppm; Anal. Calcd for @H2eN2S4Zn: C, 53.77; H, 4.89; N, 5.23. Found: C, 52.47;
H, 5.22; N, 6.0.

(7b): IR (KBr) v 697, 745, 963, 1216, 1434, 1502, 16447'tm Anal. Calcd for
CaaH26N2SNi: C, 54.45; H, 4.95; N, 5.29. Found: C, 51.4,52; N, 5.48.

(7¢): IR (KBr) v 693, 745, 967, 1212, 1430, 1498, 1636'cAnal. Calcd for GeHsN4SePb:
C, 49.94; H, 4.54; N, 4.85. Found: C, 50.17; H9418, 5.33.

(8a): IR (KBr) v 697, 745, 967, 1212, 1430, 1494, 1643'ctil NMR (500 MHz, CDC}) ¢
7.35-7.45 (m, 20H, 4¢Hls), 6.59-6.63 (d, 4HJ= 15.6 Hz, 4GHs-CH=CH), 6.29-6.35 (m, 4H,
AC4Hs-CH=CH), 4.64-4.65 (brs, 8H, 4NGH 3.86 (brs, 8H, 4NCh, 1.84 (brs, 8H,
ANCH,CH,), 1.43 (brs, 8H, 4NCKCH,CH,) ppm;**C NMR (125 MHz, CDGJ) ¢ 25.8, 26.2,
53.7, 56.6, 121.8, 126.6, 127.8, 128.6, 134.4,9.38)3.9 ppm; Anal. Calcd forseHeoN4SsZn,:
C, 55.35; H, 5.36; N, 4.97. Found: C, 55.70; HE518, 5.16.

(8b): IR (KBr) v 693, 749, 967, 1220, 1434, 1498tmH NMR (500 MHz, CDCJ) § 7.26-
7.61 (m, 20H, 4@Hs), 6.54-6.59 (d, 4HJ= 16.0 Hz, 4GHs-CH=CH), 6.11-6.12 (m, 4H, 4Els-
CH=CH), 4.33 (brs, 8H, 4NC}| 3.49-3.53 (brs, 8H, 4NGH 1.43-1.64 (brs, 8H, 4NGIEH,),
1.22-1.31 (brs, 8H, NCKH,CH,) ppm;**C NMR (125 MHz, CDGJ) 6 25.9, 26.7, 48.5, 51.0,
121.2, 126.6, 128.2, 128.7, 134.9, 135.8, 207.1;phmal. Calcd for GHeoNsSsNiz: C, 56.02;
H, 5.42; N, 5.02. Found: C, 57.45; H, 5.80; N, 5.24

(8c): IR (KBr) v 692, 745, 962, 1216, 1429, 1474°tptH NMR (500 MHz, CDCY) 6 7.25-
7.35 (m, 20H, 4@Hs), 6.55-6.60 (d, 4HJ)= 15.8 Hz, 4@Hs-CH=CH), 6.11-6.15 (m, 4H, 4Eis-
CH=CH), 4.42 (brs, 8H, 4NCHji 3.48-3.63 (brs, 8H, 4NGH 1.66 (brs, 8H, 4ANCHCH,), 1.25-
1.32 (brs, 8H, 4NCKCH,CH,) ppm; **C NMR (125 MHz, CDGJ) 6 26.0, 26.7, 48.9, 51.3,
121.2, 126.6, 128.2, 128.9, 134.9, 135.7, 211.2; gpmal. Calcd for GHgoN4sSsPdh: C, 51.6; H,
5.0; N, 4.63. Found: C, 52.65; H, 5.44; N, 4.88.

(8d): IR (KBr) v 689, 745, 959, 1200, 1414, 1486, 1679'chl NMR (500 MHz, CDCY) 6
7.35-7.45 (m, 20H, 4dBls), 6.59-6.62 (d, 4HJ= 15.5 Hz, 4@Hs-CH=CH), 6.33-6.39 (m, 4H,



4CsHs-CH=CH), 4.60-4.61 (d, 8HJ= 6.5 Hz, 4NCH), 3.79-3.82 (t, 8HJ= 6.7 Hz, 4NCH),
1.87-1.89 (m, 8H, 4NC)CH,), 1.44-1.45 (m, 8H, 4NCICH,CH,) ppm; Anal. Calcd for
CsoHeoNsSHo: C, 44.65; H, 4.32; N, 4.01. Found: C, 44.40; 294N, 4.50.

(8e): IR (KBr) v 701, 741, 963, 1200, 1418, 1474 t*H NMR (500 MHz, CDCJ) 6 7.22-
7.6 (M, 20H, 4@Hs), 6.47-6.52 (d, 4H) = 15.7 Hz, GHs-CH=CH), 6.23-6.28 (m, 4H, ¢Els-
CH=CH), 4.53 (brs, 8H, 4NC#)| 3.84-3.88 (brs, 8H, 4NGH{ 1.61-1.75 (brs, 8H, 4NGIEH,),
1.25-1.36 (brs, 8H, NCHH,CH,) ppm;*°C NMR (125 MHz, CDGJ) 6 25.9, 26.5, 48.5, 51.0,
121.2, 126.6, 127.9, 128.6, 133.8, 136.2, 202.9;phmal. Calcd for GHeNsSsPhy: C, 44.23;
H, 4.28; N, 3.97. Found: C, 45.24; H, 4.55; N, 4.52

3. Results and Discussion

3.1. Synthesisof ligands and complexes

First, we focused on the synthesis of secondamyidias. For this purpose, three diverse primary
diamines including 1, 3-propane diamine, 1, 4-beitdramine, and 1, 6-hexane diamine are
surveyed. The diamines were reacted with cinnarhgtike to provide the corresponding
diimines in high to excellent yields. The diimingn were reduced with NaBHo afford the

final secondaryN,N’-dicinnamyl alkanediamines in excellent yields (Scle 1).

O
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Scheme 1. Synthesis oN*,N"-dicinnamylalkanet,n-diamines.

After characterization of the synthesized diamiaed confirmation of their structures, these

diamines were applied in other reaction with cartizulfide in alkaline medium in methanol as



the solvent to provide the corresponding bis(dithrbamate) salts. Then situ prepared
dithiocarbamate salts then reacted with varioussition metal salts including 2h Ni**, P&,
Hg?* and PB" salts to provide the corresponding cage-like (malic) complexes (Scheme 2).
Finally, the ultimate products were simply filtered
NN CS/NaOH NN
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Scheme 2. Synthesis of ligands and complexes.

The resulting complexes produced fromiN,N’-dicinnamyl propanediamine had no solubility
in common organic and NMR solvents. Although, théNCdata of complexes are in accord with
theoretical calculations, as a result of outcoméssaubility test, we suggest that these
compounds might have become polymerized. Due tofabethat the cage constructed from
sulfur atoms and the metal ions is not enough bigroduce and the metals may have been
placed close to each other, polymerization mighé lbgore plausible way for the molecules to be
arranged with one another. In the caseNgf’-dicinnamyl butanediamine, only the complex
with Zn had a little solubility in DMSO that enables to study itSH NMR spectrum.

Literature survey revealed that all the dinucleaacrocyclic dithiocarbamate complexes
reported to date are synthesized using' &l°-diamine [26]. As the next step, the chain size of
the initial diamine is increased by two more carbtsms. We utilized\*,N°®-dicinnamylhexane-

1,6-diamine to assure that the two metals didngger steric hindrance. The corresponding



macrocyclic complexe8a-e were obtained in excellent yields. By performihg solubility test,

it can be established that the ultimate complexe® Isufficient solubility in chloroform.
3.2. Characterization of DTC complexesby IR, *H NMR, *C NMR and TGA analyses

The structure of the synthesized complexes wagieety IR,*H NMR, *C NMR, CHN, and
TGA analyses.

3.21. IR spectral studies

The characteristic band in IR spectra of DTC comgsecan be assigned in the range of 940-
1050 cm, without any splitting, which is related to therayetrical mode of DTC ligand acting
in a bidentate mode [27]. In all of the synthesizedplexes, a single band at 960 tmas
observed, which completely confirms a bidentate ragtnical behavior of the DTC moiety.
Other characteristic bands for synthesized complewere observed in ranges of 1450-1550'cm
and 1620-1650 cth which are attributed to the thioureide and theCGiouble bond groups,
respectively.

3.2.2. NMR gpectral studies

'H NMR spectra of the complexes show a doublet pedké ppm and a broad peak at 3.8 ppm
for the methylene groups attached to the nitroGéese protons in the diamine were assigned at
3.4 and 2.7 ppm, respectively. The other protonthefcomplexes were observed at the similar
chemical shift in comparison to the diamine. Theesled deshielding for theQHzacinnamyiand
NCH2chainof the methylene protons (around 1 ppm) in the dergs indicates the formation of
the dithiocarbamate complexes which is relatedhéorelease of the electrons from the nitrogen
atoms of the DTC group towards the sulfur atomghermetal) via the thioureidesystem. The
proton signals of the macrocyclic products appeasetiroad ifH NMR spectra which may be
attributed to the existence of dynamic processdbarsolution. The presence of a peak at 203.9
ppm for 8a, 207.1 ppm for8b and 211.2 ppm fo8c in **C NMR spectra is assigned for the

NCS; carbon atoms in the complexes [26, 28].
3.2.3. TGA analyses

The thermogravimetric analysis (TGA) was applied eealuate the physical behavior of

bis(dithiocarbamate) complex of nickel preparedrird,6-hexane diamin8b (Figure 1). The



TGA curve shows three weight losses: in the tentpeza range above 100 °C (mass loss
3.25%) that may be assigned for the loss of mastund solvent residue from the sample; 200—
280 °C (mass loss 30.54%) that may be assignethétoss of two cinnamyl isothiocyanate
groups (calculated mass loss 33.9%) and 270-@4(0nass loss 46.38%) was attributed to the
loss of other organic parts (calculated mass |8s8%). The remaining residue (20%) may be
assigned for the values calculated (22%) for thesnpeercentage of two NiS25a, 29]. Similar
behavior was observed for the Zn complexesand 8a with 1,4-butanediamine and 1,6-
hexanediamine, but the final remaining residue m@yattributed to the formation of two ZnS

(see Supplementary material).[30]

TG %

100 4
a0 ]
a0
704
50 4
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40
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204 —_—
100 200
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Figure 1. TGA of complex8b.
3.3.  Electron microscopy and X-ray diffraction studies

In order to have a valid picture of our final protk) we attempted to make crystals suitable for
X-ray crystallography. To do so, we applied two coom methods of crystallization: tank
crystallization and diffusion method. Inasmuch las tomplexes of 1, 6-hexane diamine had
shown an appropriate solubility in chloroform, weose this solvent as the “good” solvent. In
diffusion method, we employed a spectrum of vaasblvents as the anti-solvent: ethanol,
methanol, and ethyl acetate. Despite all thesertsffdhere were not any crystals in the
crystallization tanks. In addition, attempt to obtsHRMS analysis of complexes was
unsuccessful. Therefore, we tried to analyze thectstre by X-ray diffraction intensity showing

diffuse peaks typical of amorphous materials (Widin).



3.3.1. Establishment of the atomic configuration of the molecule 8a (Cs;HgoN4SsZn,) by

electron microscopy and X-ray diffraction

Characterization of amorphous materials can beopedd by a variety of techniques. As the
experiments by electron microscopy and X-ray ddfian will show, any attempts to crystallize
the molecule led to any crystalline form. FESEMeisployed to make maps of real space
geometry of the morphology of the material undeesgion and to recognize whether the
probable crystalline phases of micro-molecule ameméd or not. As the results of electron

microscopy will show, no crystallization is obsdnleain the powder of the synthesized complex.

Furthermore, XRD experiments contain diffuse pagggal of amorphous materials that
confirm the result obtained via electron microsc¢gse below). Due to its ability for obtaining
the characteristic lengths in amorphous materklsy diffraction is applied to confirm atom-
atom distances in the molecule via the Fouriersfiaming, and the XRD data collected by two

different lab source facilities.

3311 FESEM Data

Here, data collected from FESEM facility are repdrtThe sample is coated with a thin layer of
gold to produce the conductivity. Figure 2 showuan size image of the sample. As shown in

Figure 2, the amorphous nature of the specimebvgas and no crystalline phases are seen in

the sample.



Figure 2. Image of the sample (2um size)

Figure 3 is 200nm size image of the sample andirosfthat no crystalline phase is

present in the sample.

Figure 3. Image of the sample with 29.00kV high voltage (20(ize)



Interestingly, the samples of sizes down to 12 lmmwsno crystallization phases (see
Supplementary material). Therefore, we employ tRXechnique in order to progress towards

guantitatively investigating the geometry of thelecale in the next subsection.
3.3.1.2. Local structurein 8a (CspHeoN4SsZny) from X-ray Radial Distribution Analysis

X-ray experimental intensity scattered by the sped, k. (q), contains the maximum
information about the atomic configuration of asyetric units. The groundwork of Debye for
the intensity analysis scattered by a non-cryseliirray of atoms makes it possible to establish
the correct atomic configuration. This is well merhed by comparing the computed theoretical
function for the predicted model with the experitarintensity function obtained in X-ray

diffraction experiment.

Debye scattering equation (DSE) for the intensdgttered by a collection of atoms with a

given arbitrary arrangement in electron unit isegivoy [31]

sin 2ar;
2pqm

o

=8 aff,
i

where,f; andf; are the atomic scattering factorioéndj, andrj is the magnitude of the vector
separating andj. The integral has been taken over all orientatiohatomic arrangement in
space, to include the effect of the specimen mtaflhe comparing procedure of Debye function
analysis and the trial-and-error contained in thisthod can be bypassed by obtaining radial
distribution function (RDF) of the sample directlyhich is the real-space interatomic distance
correlation function [32]. RDF is the main machinéor the study of non-crystalline materials
through Fourier transformation analysis of X-raffrdction data.

Two experiments are done in two different labola®mwhich show close results for
atom-atom distances. As shown in Figures 5 antie/materials’ XRD patterns contain diffuse
peaks typical of amorphous materials. The data weliected with X-ray lab-sources having Cu
lamps, which lack large scattering wavenumbers.ofdiog to the results shown below, the
guantitative establishment of the typical distan@esthe molecule can be realized. The

polarization and geometry effects are subtractewh fthe experimental data in both experiments.



Figure 4 shows experimental diffraction data frdra powder specimen which is collected by
PANAIytic lab source in KEFA COMPANY.
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Figure 4. Experimental X-ray diffraction data from the pavdpecimen

Corresponding RDF of experimental X-ray diffractideta is shown in Figure 5.
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Figure5. Corresponding RDF of experimental X-ray diffractidata



A parallel data collected by a different lab souesgeriment (XRD-PM) is shown in
Figure 6.
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Figure 6. Experimental X-ray diffraction data from the pavdpecimen

Experimental RDF of X-ray diffraction collected XRD-PM laboratory is shown in
Figure 7.
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Figure 7. Corresponding RDF of experimental X-ray diffractidata



Lower distances corresponding to the peaks of RDi#wo graphs are tabulated in Table
1. These distances are plausibly attributed to &ttwm lengths in the molecule, which are also
reported in the Table 1.

Table 1. Plausible attributed atom-atom lengths in the madkec

Peak Number 1 2 3 4 5 6 7
Distance & ) (XRD-
1.34 5.25 8.90 12.51 16.03 19.63 23.24
KEFA)
Distance & ) (XRD-
1.34 5.48 8.59 12.45 15.80 19.08 22.53
PM)
Number ofd._ length 5 6 9 12 14 17
N-N N-N
Plausible Bond C=C Zn-Zn --- --- ---

(longitudinal) (diagonal)

First we define firstly typical C=C bond length, iafh mediates between different atoms b sp
overlapping, asi._. = cos30" 1.34; 1.1é. The second peak can be attributed plausibly to M-
M length for the complex with 5 C=C bonds, since tiistance can be calculated through
dy,u = 5 cos30 " 1.34; 5.8A. The first peak contains different distances dbuating to the
peak, for example, C=C bond and sulfur-nitrogendsoand other similar-distant bonds may
overlap to yield a diffuse peak with relatively dar height. The third peak is ascribed to
meand,,; four N atoms construct a simple tetragon recenghose width and length are
respectively 5 and 6._.. The fourth peak is about®_. mediating length, so we attribute it to

the diagonal of the rectangle constructed by N at@ecause the diffuse peaks in RDF contain
different contributing atom-atom lengths, othertpa@iannot be inferred clearly. Other parts can’t
be inferred clearly.

4. Conclusion



Being able to stabilize transition metals with aiety of oxidation states, dithiocarbamate
(DTC) complexes have attracted scientists’ attentibhis article described the synthesis and
characterization of DTC complexes based NrN-dicinnamylalkanet,n-diamines. For this
purpose, cinnamaldehyde was condensed with diamifies 3-diaminopropane, 1, 4-
diaminobutane, 1, 6-diaminohexane) in ethanol &s gblvent in order to form the related
diimines. Sodium borohydride reduction of the dnes in methanol afforded the related
diamines as yellow viscous liquids. The final coexas were prepared via timesitu reaction of
the diamines, CSand related metal salts. Although macrocyclic coomuls were proved for
1,6-hexane diamine, polymerization can be assumethé shorter chained diamines due to the

insolubility of the corresponding complexes in dseorganic solvents.

Electron microscopy clearly shows the formationchisters of the molecule without having
any crystalline phase. XRD intensities collected Vayious lab source facilities, also, show
clearly diffuse peaks typical of amorphous materialherefore, we employed the Radial
Distribution Function (RDF) analysis of X-ray ddfrted data and investigate the atomic local
structure of the molecular complex. Atom-atom dists are calculated via Fourier transform

analysis of XRD intensity to yield a real-spaceudilization of the structure of the molecule.
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Dithiocarbamate complexes base on N*,N"-dicinnamylakane-1,n-diamine were prepared® The
structure of complexes were assigned as polymer or macrocyclic complexes » Complexes were
characterized by IR, *H and **C NMR, TGA and elementa analyses®» Complexes do not show
any crystaline phase even in long lasting termsp> X-ray diffraction technique is employed to

investigate atom-atom distances»



