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ABSTRACT

Tris(mor pholinyldithi ocarbamato)arsenic(I1l) were synthesized successfully andcharacterized by FTIR. The
experimental results were compared with computational methods based on quantum chemical calculation. They are
good agreement with both of them. Structural, optical, vibrational properties also discussed.
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INTRODUCTION

Arsenic is a very widespread element and all hub®ngs are exposed to low doses of arsenic thréaggh Lower
amounts are also consumed from drinking water amdDaring the past 50 years inorganicpentavalarggnic +5)
arsenial compounds of various formulations havenhesed in considerable quantities for the prodactibwood
preservatives. According to the U.S. Bureau of Mjnthe demand for arsenic for the production of dvoo
preservatives has increased from 970 metric tod911 to 14300 metric tons in 1991 (Loebenster2)9Bhe most
common arsenic based wood preservative is chrontatgger arsenate type. Other arsenic based préigsesvare
ammoniacalcopper arsenate, fluor chrome arsenaieophammoniacal copper zinc arsenate and chroncatggoer
arsenate. There are over 336 million cubic fedtredted wood in the United States. The largestqgutagn of this
production (67%) is wood treated with arsenic bgsedervatives (Barnes and Nicholas, 1992).

Inarida.M[1] has reported the electronic spectradadthyl dithiocarbamate complexes of central atomith
S’electronconfiguration.

Preparation and study of some arsenic trisdithlmeeaates have reported by A.l.Saklaetal[2].Five divate
Bromobis (dibutyldtc) complex of As was reported ®yE.Monovshakisetal[3].S.Eskeraretal [4]have regabithe
syntheses and spectroscopic study of a new sefiesixed ligand complex ofAs(lll) with dithioligandSo far
organometallic complex of arsenic is an importarthie current scenario.

Dithio ligands complexes may find applications I tdetection of metal ions in natural waters [5]dR$ waters
[6].Coastal sea waters, in lubricating oil composis especially suitable for automobile enginesngjiow friction
coefficient under low temperature and low rotatanving condition. Used as the antioxidant [7].Sliahtion of
harmful metals from industrial wastes [8]. in het@rnction devices as UV( blue) and UV (green) tadiedes and
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as IR detectors[9].and separating metal ions fromstes streams such as existing and abandoned mines,
contaminated ground water, standing contaminateterwdow level radioactive waste water[10]. Hentee
preparation and characterization by FTIR and U\tBpe of these complexes are more important.

MATERIALSAND METHODS

Experimental:

Arsenic oxide is dissolved in water using sodiundroyide pellets and neutralised with hydrochloraida It is
slowly added to the agueous solution of sodium molipyldithiocarbamate. White precipitate obtainedfiltered,
dried and recrystallised from chloroform. Arsenidde and sodium morpholinyldithiocarbamate are make1:1
molar proportion.

Computational Method:
For supportive evidence to the experimental obsiens, the quantum computations were performed thighaid of
GAUSSIAN 09W software package [11]with internaltpied HF/sto-3g* basis set methods.

RESULTSAND DISCUSSION

Molecular geometry

The optimized structure of Tris(morpholinyldithisbamato)arsenic(lll) complex are shown in the failoy
figurel. The corresponding minimum energy obtaibgdHF/STO-3G* method were fall on -5526.976357 lorkr
the optimized geometry the optimized structurabpaeters are tabulated on table 1 and 2.
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Figure 1: Optimized structure of Tris(mor pholinyldithiocar bamato)ar senic | 11

26
Available online at www.scholar sresear chlibrary.com



P. S. Joseph et al

J. Comput. Methods Mol. Des., 2014, 4 (1):25-32

Table 1: Bond Angleof Tris(mor pholinyldithiocarbamate) ar senic(l11)

Bond Angle
A(C2-C1-N3) 109.5| A(N13-C15H41) | 110.9
A(C2-C1-H29) 109.3 | A(N13-C15H42) | 108.5
A(C2-C1-H30) | 109.1| A(N13-C17S18) | 115.7
A(C1-C2-04) 112.2 | A(N13-C17819) | 1244
A(C1-C2-H31) 109.0 | A(O14-C1€-C15) | 111.9
A(C1-C2-H32) 109.3 | A(O14-C1€-H43) | 110.9
A(N3-C1-H29) 111.0 | A(O14-C16H44) | 107.0
A(N3-C1-H30) 109.8 | A(C16-C15H41) | 109.4
A(C1-N3-C5) 112.8 | A(C16-C15H42) | 110.3
A(C1-N3-C7) 122.5| A(C15-C16H43) | 109.2
A(H29-C1H30) | 108.1| A(C15-C16H44) | 109.5
A(04-C2-H31) 111.0 | A(H41-C15-H42) | 108.2
A(04-C2-H32) 107.0 | A(H43-C16H44) | 108.3
A(C2-04-C6) 108.3 | A(S18-C17S19) | 119.9
A(H31-C2H32) | 108.3 | A(C21-C20N22) | 109.5
A(C5-N3-C7) 118.9 | A(C21-C20H45) | 109.3
A(N3-C5-C6) 109.4 | A(C21-C20H46) | 109.1
A(N3-CE-H33) 110.9 | A(C20-C21-023) | 112.1
A(N3-C5-H34) 108.5 | A(C20-C21H47) | 109.0
A(N3-C7-S8) 116.1 | A(C20-C21H48) | 109.4
A(N3-C7-510) 124.8 | A(N22-C20H45) | 111.1
A(04-C6-C5) 111.9 | A(N22-C20H46) | 109.8
A(04-6-H35) 110.9 | A(C20-N22€24) | 112.9
A(04-C6-H36) 107.0 | A(C20-N22€26) | 122.4
A(C6-C5-H33) 109.4 | A(H45-C20H46) | 108.1
A(C6-C5-H34) | 110.3| A(023-C21H47) [ 111.0
A(C5-C6-H35) 109.2 | A(023-C21H48) | 107.0
A(C5-C6-H36) 109.5 | A(C21-023C25) | 108.3
A(H33-C5H34) | 108.2 | A(H47-C21H48) | 108.3
A(H35-C6H36) | 108.3 | A(C24-N22C26) | 118.7
A(S8-C7-S10) 119.1 | A(N22-C24C25) | 109.6
A(C7-S8-As9) 91.1 | A(N22-C24H49) | 111.0
A(S8- As9S818) | 95.5 | A(N22-C24H50) | 108.4
A(S8- As9 §27) | 94.6 | A(N22-C26S27) | 115.7
A(S18- As9S27) | 94.4 | A(N22-C26S28) | 124.6
A(As9-S18C17) | 92.4 | A(023-C25€C24) | 112.1
A(As9-S27C26) | 91.3 | A(O23-C25H51) | 110.9
A(C12-C11N13) | 109.5 | A(O23-C25H52) | 106.9
A(C12-C11H37) | 109.3 | A(C25-C24H49) | 109.5
A(C12-C11H38) | 109.0 | A(C25-C24H50) | 110.2
A(C11-C12014) | 112.2 | A(C24-C25H51) | 109.2
A(C11-C12H39) | 109.0 | A(C24-C25H52) | 109.4
A(C11-C12H40) | 109.3 | A(H49-C24H50) | 108.1
A(N13-C11H37) | 111.1| A(H51-C25H52) | 108.3
A(N13-C11H38) | 109.8 | A(S27-C26S28) | 119.6
A(C11-N13-C15) | 113.0 | A(O14-C12-H40) | 107.0
A(C11-N13C17) | 122.3 | A(C12-014€16) | 108.3
A(H37-C11H38) | 108.1 | A(C15-N13C17) | 118.8
A(014-C12H39) | 110.9 | A(N13-C15C16) | 109.5

Vibrational analysis

The FTIR spectrum of tris(morpholinyldithiocarbaeatrsenic(lll) complex is shown in Figure 2, thsmplex
showsC=S stretching vibration at lowerwave numté70.4 crit due to less nitrogen electron pair derealization.
The CH bending modes are assigned to peaks at 1435.2,61a8d 1356.0 cth The C-N single bond stretching
vibrations are positioned between 1200 and 1300. GheC=S stretching vibrations are intense andpshatween
800 and 1200cth Above experimental data compared with computally calculated data, they were good
agreement with each other. Vibrational parametersabulated in table 3.
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Table 2: Bond Lengthof Tris(mor pholinyldithiocar bamate) arsenic(l11)

BondLengtt
R(C1C2) 1.553 | R(N13C15) | 1.477
R(C1N3) 1.480 | R(N13C17) | 1.418
R(C1H29) | 1.094| R(014C16) | 1.438
R(C1H30) | 1.086 | R(C15€C16) | 1.551
R(CZz-04) 1.437 | R(C15-H41) | 1.094
R(CZ-H31) | 1.095| R(C1E-H42) | 1.088
R(C2H32) | 1.092 | R(C16H43) | 1.095
R(N3C5) 1.477 | R(C16H44) | 1.092
R(N3-C7) 1.417 | R(C17S18) | 1.757
R(04C6) 1.438 | R(C17819) | 1.594
R(C5C6) 1.551 | R(C20C21) | 1.553
R(CE-H33) | 1.094 | R(C2(-N22) | 1.481
R(C5H34) | 1.088 | R(C20H45) | 1.094
R(C6H35) | 1.095 | R(C20H46) | 1.086
R(C6H36) | 1.092 | R(C21023) | 1.436
R(C7S8) 1.756 | R(C21H47) | 1.095
R(C7510) | 1.595| R(C21H48) | 1.092
R(S¢&- As9) | 2.181 | R(N22-C24) | 1.477
R(As9518) | 2.184 | R(N22C26) | 1.418
R(As9527) | 2.187 | R(023€25) | 1.438
R(C11C12) | 1.553 | R(C24C25) | 1.552
R(C11N13) | 1.480 | R(C24H49) | 1.094
R(C11H37) | 1.094 | R(C24H50) | 1.088
R(C11H38) | 1.086 | R(C25H51) | 1.095
R(C12014) | 1.437 | R(C25H52) | 1.092
R(C12H39) | 1.095 | R(C26S27) | 1.755
R(C12H40) | 1.092 | R(C26528) | 1.594

Table 3: vibrational parametersof Tris(mor pholinyldithiocarbamate) arsenic(l11)

Frequency| IR intensity Raman activify Experimen Assignment
409.3413 0.0241 0.5302
468.2124 6.9922 1.7589
470.008! 0.012: 11.278:
805.000 0.9292 - 800 C=S stretching
1185.8364 52.0989 0.7817
1187.2931 7.9026 0.4355
1201.00 54.703 - C=S stretching
1216.0863 58.0543 38.8438 C-N stretching
1219.0( 273.52! - C-N stretchin
1248.110 0.524« 0.516¢
1248.1122 0.5232 0.516
1248.1824 1.207 0.2818
1287.8552|  160.8457 4.6628
1287.8604 160.84 4.6611 C-N stretching
1291.122 0.000: 21.874
1320.207 5.999] 23.025¢
1320.2176 6.0035 23.0158
1324.459 34.5053 53.783 C-N stretching
1354.000 33.8365 - 1356.0 &hbending
1381.000 | 139.68865 - 1384.6 £bending
1390.001 | 533.0062 - CH, bending
1393.921 106.5703 4.3499
1393.9242 106.384 4.3477
1395.1376 7.7228 17.2341
1409.2481| 475.0029 15.7479 Sbending
1409.2504 474.9575 15.7579
1417.453 30.20% 30.877.
1421.9971 29.002 3.9183
1421.9993 28.9488 3.9001
1423.645 73.4468 25.9539
1435.0000| 141.85542 - 1435.2 Shbending
1450.7325 7.8572 3.5106
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1450.7337 7.8429 3.5112
1451.2846 0.0009 11.0406
1471.000 27.52791 - 1470.4 C=S stretching  wpak
1517.533 6.070¢ 3.65¢
1518.5284 83.9229 6.7232
1528.9666 29.593 29.025
1529.9754 20.6553 4.6552
1588.7754 261.9369 50.759
b
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Figure2 FTIR Experimental (a) and theoretical spectrum (b) of Tris(mor pholinyldithiocar bamato) arsenic (111)

UV analysis

The UV theoretical spectrum of the title complegt®wn in figure 3. The spectrum of the title comxives an intense
peak at 339.12 nm. This is followed by very leserise peaks with maximum at 335.93 nm and 332.7& hese result
good agreement with computational calculation
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UV-VIS Spectrum
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Figure3: UV theoretical spectrum

LUMO =0,22817 au

HOMO=-0.11168 au

Figure4: HOMO-LUMO image
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HOMO-LUMO analysis

The energies of two important molecular orbitaltioé complex of arsenic Ill, the highest occupiedienales
(HOMO) and the lowest unoccupied molecules (LUM@revcalculated and are presented in figure4. Tleeggn
gap between HOMO and LUMO is a critical parametedtétermining molecular electrical transport préiesr{12]
Molecular orbital (HOMO and LUMO) and their prodeg are very useful for molecular physics. The egajed
molecules are characterized by a small highestpiedumolecular orbital to lowest unoccupied molacurbital
(HOMO-LUMO) separation, which is the result of grsficant degree of intramolecular charge tranéfem the
electron-donor molecules to the efficient electemceptor molecules through- conjugated path [13].This
electronic absorption leads to the transition afdevel energy to the first level excited energgtes{14]

HOMO energy (HF/sto-3g*) =-0.11168 au
LUMO energy (HF/sto-3g*) =0.22817 au
HOMO-LUM O energy gap (HF/sto-3g*) =-0.33985 au

The HOMO is located over the arsenic atom and codba groups attached to the morpholinyl ring.The
HOMO—LUMO transition implies an electron density tramsfiomarsenic atom to morpholinyl ring. Moreover,
these orbital significantly overlap in their positi for Tris(morpholinyldithiocarbamato) arsenic)llas shown
inFigure 4. The HOMO and LUMO energy gap explaims ¢éventual charge transfer interactions takingpigichin
the molecule.

Atomic charges:
Table 4: Atomic charges of tris(mor pholinyldithiocarbamate) ar senic(l11)

Mulliken atomic charges:

1| C | -0.011971 | 27 | S | 0.10939:

2 | C | 001699 | 28 | S | -0.14008.

3 | N |[-0288462] 29 H 0.064456
4 | O] -0259569] 30 H 0.074095
5| C | -0.007317] 31 H 0.054304
6 | C| 0.016576] 32 H 0.07099y
7| C| 0111707 33 H 0.063227
8 | S | 0.10866: | 34 | H | 0.08885-

9 | As | -0.263395| 35 H 0.05462p
10| S| -0.141574 36 H 0.07063D
11| C | -0.012183 37 H 0.064474
12| C 0.016839| 3§ H 0.07351B
13| N | -0.288436] 39 H 0.054608
14| O | -0.25890: | 4C | H | 0.07123!

15| C | -0.007002] 41 H 0.06351B
16| C | 0.016632] 42 H 0.08815D
17| C | 0.113040| 43 H 0.05489yF
18| S| 0.109191] 44 H 0.07095)7
19| S| -0.140911 45 H 0.064408
20| C | -0.01174. | 46 | H | 0.07398:

21| C | 0.017333| 47 H 0.05447y
22| N | -0.288644| 48 H 0.070902
23| O | -0.259668 49 H 0.06292p
24| C | -0.007197] 50 H 0.088274
25| C | 0.016607] 51 H 0.05430¢
26| C | 0.111355| 52 H 0.07093y

The charge distribution of Tris(morpholinyldithiobamato)arsenic(lll)shows that the arsenicandcaalb@noxygen
atoms have negative charges whereas all the hyd@igpens have positive charges.The maximum aton@cgehis
obtained for S and C when compared with other afbhis is due to the attachment of negatively charge
carbamato group. various atomic charges tabulatémbie4.

Thermodynamic properties
On the basis of vibrational analyses and statistloermodynamics, the standard thermodynamic fonsti heat
capacity (Iop,m), entropy 8',) and enthalpyH’y, ) were calculated usingperl script THERMO.PL [&56H are listed
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in Table (5). As observed from Table 8, the valtﬁ@.‘@,ms)mand HC.all increase with the increase of temperature
from 100 to 1000 K , which isattributed to the emtement of the molecular vibration as the tempeedhcreases.

Table5: Thermodynamic properties

T(K) | S @mol.K)[Sal | Cp (I/mol.K) C%ml | ddH (kI/mol)[H%]
100.00 494.04 204.99 12.64
200.0( 674.2¢ 323.2 39.3¢
208.1¢ 821.8¢ 422.0¢ 75.9¢
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
700.0¢ 1320.9° 770.5 321.0(
800.0¢ 1427.8: 829.5; 401.0¢
900.00 1528.51 879.66 486.62
1000.00 1623.47 92257 576.78
CONCLUSION

In this study, we have performed an experimentald aguantum computational study on Tris
(morpholinyldithiocarbamato) arsenic (lll) complekheoretical spectral frequencies FT-IR and UV ab&ined.
The theoretical data are in good agreement witlegxntal data of FT-IR. The charge transfer framel pair of
atom to its anti-bounding orbital is more. The HOMOMO energy strongly supports the presence ofaintr
molecular energy transfer with the molecule.
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