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ABSTRACT

In this paper, vibrational analysis of tris(morpholinyldithiocarbamato)antimony(l1l) were presented using
experimental techniques and quantum chemical calculations. HOMO-LUMO properties and First
hyperpolarizability also discussed.
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INTRODUCTION

Dithiocarbamato complexes are useful in water mation, metal iron detector in water, lubricatioij and potent
antioxidant agent, IR spectral detector. So dithibamato complexes are interested in the curresgareh.
Antimonydithiocarbamato complexes have potentiapliaptions in the field of medical, industrial and
communication.Hence it is catalysed us to prepesenéc dithiocarbamato complexes with simple sysitheoot.

Synthesis and spectral study of new iodobis (didikyiocarbamato) complex of antimony have beeroreggl by
R.R.Schanta et al.[1] and the computational stuflyfriis complex of dithiocarbamatats of arsenic hdezn
reported by P.S.Joseps et al.[2] The synthesespaatroscopic study of a new series of mixed tiggamplexes of
antimony with dithioligands have been reported bigsBerar et al.[3] . FMN Khein et al. [4] have rejed the
indirect determination of antimony by molecular esidn cavity and extraction as their diethylditlidmmate.

MATERIALSAND METHODS

Experimental M ethod

Antimony oxide is dissolved in concentrated hydiarit acid. It is neutralized with sodium hydroxidelution. It is slowly
added to the aqueous solution of sodium morphdithigcarbamate. Antimony oxide and sodium morpiyt@ithiocarbamate
are taken in 1:1 molar proportion. White precipitathtained, is filtered, dried and recrystallized chloroform.

Computational M ethod

For supportive evidence to the experimental obsiemns, the ab initio computations were performethwhe aid of
GAUSSIAN 09W[5] software package with internallyostd HF/sto-3g* basis set methods. At first, thebgl
minimum energy structure of the title molecule wastimized. Subsequently, the vibrational normal eod
wavenumbers in association with the molecule werévdd along with their IR intensity, Raman actyiHOMO-
LUMO properties, thermo-dynamical properties alsmligd.
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RESULTSAND DISCUSSION

Vibrational spectra

The FTIR spectrum ofris (morpholinydithiocarbamatopantimony(lll) is shown in Figu.1. this complex shows
C = Sstretching vibrations at lower wave number 1470n™ due to less nitrogen electron pair delocalizatibime
CH, bending modes are assigned to peaks at 1435.2,61a8d 1356.0 c*. The C— N single bond stretching
vibrations are positioned between 1200 and 130 The C = Sstretching vibrations are intense and st
between 800 and 1200 &m

(a)
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Figure L.FTIR spectra of Tris(mor pholinyldithiocar bamato)antimony(l11) (a)Experimental (b) Computational
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Table1.Vibrational Frequency Assignments

Frequency FT;E/QL_EQ?M“ Experiment value | Vibrational Assignment
386.4832 | 8.3658 | 44.0916
413.8003 1.1862 4.7318
416.1499 | 0.0002 | 35.6283
438.9607 | 13.5387 | 2.2068
460.3974 7.0701 1.4671
462.1442 | 1.2831 | 7.0847
519.9673 2.5819 0.3067
539.0914 | 70.1804 | 4.1837
541.2382 | 35.0197 | 10.0098
615.8629 | 0.1265 | 0.5539
617.6889 0.082 1.1605
7145842 | 17.0361 | 0.5267
869.5614 | 0.0136 | 53.6635 800
915.0384 | 26.8548 | 14.593
925.0877 | 27.489 | 10.2767
932.2754 0.1283 3.1643
1016.1213| 42.8773 | 15.5378
1066.7285| 11.4562 | 34.208
1177.7545| 37.857 0.2702

1221.9929| 138.4987| 4.5284 1200 C=S sharp
1245.7404| 3.7309 | 21.2959 1200 C-N
1245.757 | 5.8209 | 1.8304

1275.7109| 1.9735 | 1.7508 1356.0 CH,
1391.8648 | 395.3873| 36.232 1300 C-N
1391.8788 | 395.1981| 36.2313 1384.6 CH,

1397.3199 | 118.616 | 60.5346
1426.6573 | 33.6688 | 1.2695
1426.9997 | 79.7428 | 0.407

1433.7944 | 51.8087 | 33.1457
1434.7218 | 12.4828 | 19.0117 1435.2 CH,
1513.1392| 11.9799 | 1.5136 1470.4 C=S
1528.579 | 26.6342 | 6.3904
1561.5804 | 6.9135 | 15.2641
1632.3754 | 431.2773| 35.6297
1685.7114 | 490.2738| 8.3322
1689.3919| 75.6911 | 30.5251
3213.6306| 6.3781 | 13.7677

HOMO-LUMO analysis

A deeper understanding of chemical reactive cangdieed by this electronic absorption correspondght®
transition from the ground to the first excitedtstand it is mainly described by one electron eticit from highest
occupied molecular orbital (HOMO) to the lowestoaoupied molecular orbital (LUMO)[6,7].

HOMO energy=-0.22844 au

LUMO energy=-0.09783 au

HOMO - LUMO energy gap=-0.13061 au

The HOMO is located over the antimony atom and aowto groups attached to the morpholinylring. The
HOMO—LUMO transition implies an electron density tramdfem antimony atom to morpholinyl ring. Moreover,

these orbital significantly overlap in their positifor Tris(morpholinyldithiocarbamato) antimonyjl(Fig.3). The
HOMO and LUMO energy gap explains the eventual gdaransfer interactions takingplace within the exale.
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LUMO =-0.09783 au
N

Energy gap =-0.13061 au

~
HOMO =-0.22844 au

Figure 4. Optimized structure using HF/ST O-3G*
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Molecular geometry

The optimized structure of Tris(morpholinyldithisbamato) antimony(lll) complex are shown in theldaling
fig(4). The corresponding minimum energy obtaingdH#/3-21G*method were fall on -9624.1135476. Fribva
optimized geometry the optimized structural paramseare tabulated on table (2a & 2b).

Table 2a.Bond length optimized for HF/STO-3G*

Bond L ength
R(1C-2C) 1529 R(140-16C) 1.44
R(1C-3N) 1.484| R(15C-16C) 1.52
R(1C-29H) | 1.081] R(15C-41H) 1.08
R(1C-30H) | 1.075] R(15C-42H) 1.07]
R(2C-40) 1438 R(16C-43H) 1.08
R(2C-31H) | 1.084| R(16C-44H) 1.07
R(2C-32H) | 1.079] R(17C-18S) 1.82
R(3N-5C) 1485 R(17C-19S) 1.76
R(3N-7C) 1.304| R(20C-21C) 1.52
R(40-6C) 1.440] R(20C-22N) 1.48
R(5C-6C) 1528 R(20C-45H) 1.08
R(5C-33H) | 1.082] R(20C-46H) 1.07
R(5C-34H) | 1.074] R(21C-230) 1.43
R(6C-35H) | 1.084] R(21C-47H) 1.08
R(6C-36H) | 1.079] R(21C-48H) 1.07
R(7C-8S) 1.820] R(22N-24C) 1.48
R(7C-10S) | 1.763 R(22N-26C) 1.3Q
R(11C-12C)| 1529 R(230-25Q) 1.44
R(11C-13N)| 1.484] R(24C-25C) 1.52
R(11C-37H)| 1.081] R(24C-49H) 1.08
R(11C-38H)| 1.075 R(24C-50H) 1.07
R(12C-140)| 1.438 R(25C-51H) 1.08
R(12C-39H)| 1.084] R(25C-52H) 1.07
R(12C-40H)| 1.079] R(26C-27S) 1.82
R(13N-15C)| 1.485 R(26C-28S) 1.7
R(13N-17C)| 1.304

—
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Table2b. Bond angle optimized for HF/ST O-3G*

Bond Angle
A(2C-1C-3N) 108.1] A(12C-11C-13N) 108,
A(2C-1C-29H) 109.7 A(12C-11C-37H 109
A(2C-1C-30H) | 111.3] A(12C-11C-38H) 111
A(1C-2C-40) 110.0] A(11C-12C-140 110
A(1C-2C-31H) 109.4] A(11C-12C-39H 109
A(1C-2C-32H) | 110.5] A(11C-12C-40H) 110
A(3N-1C-29H) 107.5| A(13N-11C-37H 107,
A(BN-1C-30H) | 110.1] A(13N-11C-38H) 110.
A(1C-3N-5C) 111.3] A(11C-13N-15C] 111
A(LC-3N-7C) 125.3] A(11C-13N-17C) 125,
A(29H-1C-30H) | 110.0] A(37H-11C-38H) 110,
A(40-2C-31H) 110.6] A(140-12C-39H 110
A(40-2C-32H) | 106.7| A(140-12C-40H) 106
A(2C-40-6C) 112.5] A(12C-140-16C 112
A(31H-2C-32H) | 109.7] A(39H-12C-40H) 109,
A(5C-3N-7C) 123.4] A(15C-13N-17C) 123,
A(3N-5C-6C) 108.1| A(13N-15C-16C| 108,
A(BN-5C-33H) | 107.5] A(13N-15C-41H) 107.
A(3N-5C-34H) 109.4| A(13N-15C-42H 109.
A(3N-7C-8S) 118.4] A(13N-17C-18S) 118
A(3N-7C-10S) 123.9] A(13N-17C-19S 123
A(40-6C-5C) 110.0 A(140-16C-15C 110
A(40-6C-35H) | 110.5| A(140-16C-43H) 110
A(40-6C-36H) 106.6| A(140-16C-44H 106
A(6C-5C-33H) | 109.8] A(16C-15C-41H) 109
A(6C-5C-34H) 111.6] A(16C-15C-42H 111
A(5C-6C-35H) | 109.4] A(15C-16C-43H) 109
A(5C-6C-36H) | 110.6] A(15C-16C-44H) 110
A(33H-5C-34H) | 110.3] A(41H-15C-42H 110,
A(35H-6C-36H) | 109.7] A(43H-16C-44H) 109,
A(8S-7C-10S) | 117.7 A(18S-17C-195) 117

A(21C-200M32] 108.1
A(21C-2068H) | 109.7
A(21C-206H) | 111.3
A(20C-21G33 110.0
A(20C-21TH) | 109.4
A(20C-218H) | 110.5
A(22N-206H) | 107.5
A(22N-206H) | 110.1
A(20C-22N4] 111.3
A(20C-22N6| 125.3
A(45H-2@6H) | 110.0
A(230-2104) | 110.6
A(230-218H) | 106.7
A(21C-23Q35 112.5
A(47H-288H) | 109.7
A(24C-22N6| 123.4
A(22N-240235] 108.1
A(22N-24GH) | 107.5
A(22N-24CHp) | 109.4
A(22N-26CS}7] 118.4
A(22N-268S} | 123.9
A(230-25G534 110.0
A(230-250+ | 1105
A(230-252+5 | 106.6
A(25C-24@H) | 109.8
A(25C-240QrF | 1116
A(24C-250H) | 109.4
A(24C-252r5 | 110.6
A(49H-250H) | 110.3
A(51H-25eH) | 109.7
A275-286)2| 117.7

-\‘\lwcn.hc»oommowbbmpbﬂm\:mowwn—‘mmhow\ll—‘
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Atomic charges of Tris(mor pholinyldithiocarbamato)antimony (111)

Table 6.4a Atomic charges of Tris (mor pholinyldithiocarbamato)antimony(l11)

Mulliken atomic charges:

1| C| -0.227867] 27 § -0.133970
2 | C| -0.078239] 28 § -0.1262%7
3 | N | -0.760189] 29 H 0.25968%

4 | O -0.633703] 30 H 0.298108

5| C| -0.223791] 313 H 0.21919¢

6 | C| -0.083049] 32 H 0.238324

7 | C| -0.211668 33 H 0.254941

8 | S| -0.133976] 34 H 0.30503p
9 | Sb| 1.330315| 35 H 0.22081B
10| S| -0.126279 36 H 0.239171
11| C | -0.227882] 37 H 0.25969D
12| C | -0.078239 3§ H 0.29812F
13| N | -0.760192] 39 H 0.219201

14| O | -0.6337000 40 H 0.23833D
15| C | -0.223784] 41 H 0.25495p
16| C | -0.083051] 42 H 0.305008
17| C | -0.211700f 43 H 0.22081p
18| S| -0.133920 44 H 0.23917)
19| S| -0.126210 45 H 0.259688
20| C | -0.227872] 46 H 0.298114
21| C | -0.078243 47 H 0.21919p
22| N | -0.760190] 48 H 0.238329

23| O | -0.633702] 49 H 0.25494B
24| C | -0.223788f 50 H 0.30501B
25| C | -0.083048 51 H 0.22081p
26| C| -0.211687] 53 H 0.239174

The charge distribution of Tris(morpholinyldithiobamato)antimony (Ill) shows that the nitrogen aadbamato,
oxygen atoms have negative charges whereas aflyiirmgen atoms have positive charges .The maxintomie
charge is obtained for Sb when compared with ottems. This is due to the attachment of negaticblrged
carbamato group. various atomic charges tabulaté&mbie (3).

Thermal properties

On the basis of vibrational analyses and statistitermodynamics, the standard thermodynamic fonsti heat
capacity Cop,m), entropy &) and enthalpyH’, ) were calculated usingPerl script THERMO.PL[8}daare listed
in Table (4). As observed from Table 4.7.1a, thuesofC,, S and Hyall increase with the increase of
temperature from 100 to 1000 K , which isattributiedthe enhancement of the molecular vibration hees t
temperature increases.

Table(4): Thermodynamicproperties of Tris(mor pholinyldithiocar bamate) Antimony(l11)

T (K) | S@/mol.K)[ ] | Cp (/mol.K) [Com] | ddH (kI/moh[ A%]
100.00 494,04 204.99 12.64
200.00 674.28 323.24 39.33
298.15 821.88 422.04 75.93
300.00 824.50 423.89 76.71
400.00 960.17 523.90 124.11
500.00 1087.38 618.11 181.29
600.00 1207.56 700.63 247.34
700.00 1320.97 77057 321.00
800.00 1427.83 829.57 401.09
900.00 152851 879.66 486.62
1000.00 1623.47 92257 576.78

Predication of first hyperpolarizability

The first hyperpolarizability ;) of the title complex and the related propertigsof) were calculated using the
HF/sto-3g* basis set, based on the finite fieldrapph. The components pfare defined as the coefficients in the
Taylor series expansion of the energy in the esleralectric field. Theoretically calculated values
hyperpolarizability are 2707.3388B0%%su as shown in the table (5). We can concludetttieatitle complex is an
attractive object for future studies of non-linegtical application.
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Table (5) Polar and Hyper polar oordinates

Polar coordinate (au) | Polar coordinate x10*(esu) | HyperPolar coordinate (au) | HyperPolar coordinate x10™ (esu)
Ox 369.6313309 54.77936324 Brxx -220.2834646 -1903.094936
Olxy -0.0172152 -0.002551293 By 1196.499614 10336.91911
Oy 369.6229844 54.77812629 Bryy 219.8911657 1899.705748
Olxz 0.0030315 0.000449268 Byyy -1191.632631 -10294.87179
e 0.6735184 0.099815427 Bz -202.2232505 -1747.067328
Oz 254.1174061 37.66019958 Bxye 1.3866725 11.97987973
Byyz -216.0612651 -1866.618088
Bxzz -0.0162837 -0.140679769
Byzz -3.0619563 -26.45315906
Bz 104.9151753 906.393674
Hyperpolarizability ) 313.374805 au 2707.33895 esu
CONCLUSION

In this work, we have performed an experimental agdantum computational study on Tris
(morpholinyldithiocarbamato) antimony (lll) complexheoretical spectral frequencies FT-IR obtaingtie
theoretical data are in good agreement with expantad data of FT-IR. The HOMO and LUMO energy gape
explains the charge transfer interactions takingcelwithin the molecule. From the first hyperpaabhility
calculation the title complex contains the NLO pedyp.
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