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ABSTRACT

Zinc -Juglonate (5-hydroxy 1, 4-naphthoquinone) wwsthesized. The vibrational wave numbers of thdlave
been calculated using Gaussian 09 software codelogting RHF / SDD basis set and DFT / B3LYP/ LAN22D
The IR data is compared with experimental valudhe predicted infrared intensities and Raman atitisi are
reported. The calculated frequencies are in goodeemgent with the experimental values. The calcdlate
geometrical parameters are also given. The studgxiended to calculate the HOMO-LUMO energy gap,
lonization potential (I), Electron affinity ( A )Global hardness (), chemical potential{ ) and global
electrophilicity (w ). The calculated HOMO-LUMO energies show the gbatransfer occurs in the molecule.
Optimized geometrical parameters of the title conmubare in agreement with similar reported struetsir

Keywords: 5-hydroxy-1,4-naphthoquinone, IR, HF, Energy,gapc juglonate

INTRODUCTION

Juglone ( 5- Hydroxy-1, 4-Naphthoquinone ) is auraty occurring quinine found in leaves, rootst-husk and
bark of Walnut ( Juglan regia ) , also in black Wal(1). Naphthoquinones play an integral roleniny biological
electron transfer processes (2, 3). The molecuwdaishof naphthoquinone toxicity is the enzyme gatad reaction
to semi-quinone radicals. It reduces oxygen to sagige anion radicals which regenerate quinines A4) some
guinine reactions are catalysed by metal ions tkeper, iron, manganese and molybdenum these shmmuld
characterized and through study was carried outetfil chelates with biologically relevant quininerigatives (5).
Zinc juglonate [Zn (5-hydroxy 1, 4-naphthoquino2)was reported by Bottei and Mc Eacharn as blaekenel
(6). They have reported that Zinc—juglonate is fedmvith two molecules of water (TG data) but DTAlethermic
peak is not given. Quantum chemical descriptoreHmmen used in QSAR studies in biochemistry. Thidue to
reliability and versatility of prediction by the3descriptors. Net atomic charges, HOMO-LUMO enexgatectron
density, delocalization of electron have been ugsedcorrelate with various biological activities (7DFT
calculations on copper & nickel chelates of Juglaeee carried out and the data was compared witeremental
values for important infra red wave bands (8). adRl Epr studies on nickel juglonate have been tegdoy
Aizenberg et.al. (9). FTIR spectra of juglone wereorded and the vibration frequencies of it weakewdated by
HF and DFT methods. A good comparison is shown b APawar et. al. (10). Zinc — juglonate IR wasoreled in
the region 4000 to 500 c¢hin KBr matrix and characteristic wave bands weseussed (11). Density functional
theory based descriptors have found immense ussfsllim the prediction of reactivity of atoms andlenoles as
well as site selectivityThe resourcefulness of density functional descripio the development of QSAR has been
recently reviewed (12)
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This paper describes synthesis and vibrationaltep@t zinc- juglonate calculated by DFT basis se¢ data is
compared with experimental values. The wave nunabkres computed by the DFT/B3LYP/ SDD method cantai
known systematic errors due to negligence of edactorrelation (13). We therefore have used thérgréactor as
0.90. Geometrical parameters, Mulliken atomic ceargnd HOMO — LUMO energy gap of the chelate isntejl.

MATERIALS AND METHODS

The ligand 5-hydroxy -1, 4-naphthoquinone is pregdan our laboratory by well known method. A stadiution of
Zinc chloride is prepared by using AR grade chefaica

2.1 Synthesis of metal chelate

The chelate zinc- juglonate was prepared by mixirggal salt solution and ligand in 1: 2 proportiohke mixture
was constantly stirred for one hour on magnetitesti The pH of the mixture was maintained, ini@zn 5.0 — 6.0
by adding ammonia solution to it. The mixture wadron water bath for about 15 minutes. On coolingas

filtered and found to be colored.

2.2 Instrumental Analysis

Elemental analysis was carried out with a Perkimezl 2400 series for C, H, and O & N. The IR speutee
recorded on a JASCO FTIR spectrophotometer in ani&trix and in the range of 4000 — 400 &m well as in the
range of 1000 — 100 chrand FAR IR spectra was recorded on Nicollet DFhwéflection technique.

2.2.1 Computational details

The entire calculations conducted in the presemkw@re performed at Density Functional theory (OFB3LYP)
basis set in the Gaussian 09 software code. Thmejeies were first determined at the Hartree — Heegkl of
employing SDD basis set (14, 15). The wave numbé&reszcomputed theoretically contains known systensator
due to the negligence of electron correlation. \&echused the scaling factor value of 0.9393 for/$IPD basic set.
The absence of imaginary wave number on the caémil¥/ibrational Spectrum confirms that the struetur
corresponds to minimum energy. HOMO-LUMO energy gag other related molecular parameters are cadzlila

RESULTS AND DISCUSSION

In the range of 4000 to 10 €mcode has predicted about 97 infra-red bands &ythjuglonate chelate which is
calculated by RHF and DFT method .The wave numbfkadl the calculated and observed frequenciegaen in
Table 1. The probable modes of vibrations assidoethe observed frequencies are given in thedaktmn of the
table. The assignments of the fundamental freqesnoiade on the basis of intensity consideratiodspasition of
observed frequencies with the help of molecularcstire as shown in Fig. 1.

Fig. 1 Molecular structure of Zinc juglonate

C ---H stretching frequencies

Out of ten vibrations of this type in Zn juglonathe frequencies 3419.33, 3419.40, 3434.12, 34348235.58,
3435.61, 3446.46, 3446.51, 3448.50 and 3448.56 @ra predicted by HF theory while only one wave hamis
recorded at 3072.50 ¢
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C—C stretching frequencies
The C—C stretching vibrations of this compounds pnedicted at 1842.08, 1833.84, 1821.35, 1820.@8022,
1676.14, 1657.90, 1453.77 and 1448.76'cWhile we found bands at 1665.23, 1643.05 and Z456m".

C- Substituted vibrations

C=0 group frequencies. In the C=0 stretching negibthe infra red spectra of zinc juglonate pregticbands at
1785.47, 1767.89, 1607.74 and 1600.14*auhile only one band has been observed at 1539166 The C-O in

plane bending vibrations are predicted at 7798%,48, 629.66, 605.31, 591.01, 558.16, 431.93,5868nd 94.31
cm®  which are observed at 671.106, 629.444, 600.386,17, 446.00, and 394.08 tmThe C=0 out-of- plane
bending vibration of btype is predicted at 199.96 ¢mand it is found at 209.74 ¢h.

C-H in plane bending vibrations

The C-H in plane bending vibrations is predicte®H6.05, 548.09, 1477.86, 1442.39, 1538.92, 1539.883.26,
1587.14 and 1746.38 ¢ for zinc juglonate chelate. In the infra-reéspum, one should observe nine vibrations,
four being h, type and five of f, type. These are observed at 525.48, and 857.20,

C-H bending out of plane vibrations

The C-H bending out of plane vibrations are predicat 391.23, 515.51, 800.52, 802.08, 871.77, 8§74874.74,
1074.94, 1105.88, 1106.02, and 1077 'cfor the present compound and recorded at 518.99,08, 835.02,
1079.94, 1103.08, 1155.15, 1229.40, 1291.11, ANB713 cnt

M-O stretching frequencies
The predicted frequencies for this compound at@80629.66 and 591.01 ¢liout we found only two at 671.10 and
629.64 cnil.

M-O bending frequencies

The M-O bending vibrations are predicted at 7144880.08, 591.28, 497.34, 484.30, 458.30, 394.1@,7%3
348.97, 320.42, 311.14, 282.40, 224.17, 113.10 ®hdl cm' but we found peaks at 225.20, 279.07, 303.01,
312.56, 348.97, 382.75, 478.77, 491.94 and 491n9% ¢

Table 1: IR frequencies calculated and observed @inc juglonate

NS:)'. RHC:;(faI' Into. cal. Ec?ivmi?; corfl Ig}g Assignments

1 3448.5¢ | 1.3¢ 350.27 | -- -- C - H Stretching

2 3448.50 | 0.60 148.29| - -- C — H Stretching
3 3446.51 | 26.10 268.03] - - C — H Stretching
4 3446.46 | 5.23 47.14 -- - C — H Stretching
5 3435.61 | 0.38 56.45 - -- C — H Stretching
6 343558 | 0.45 39.30 -- - C — H Stretching
7 3434.2: | 0.3¢ 40.4¢ - -- C—H Stretchin

8 3434.12 | 0.19 80.91 - -- C — H Stretching
9 341940 | 9.77 43.04 -- - C — H Stretching
10 | 3419.33| 8.75 73.10 3072.05 65.7177 C—H Stirgych
11 | 1842.08 | 228.86 1017.80 - -- C = C Stretching
12 | 1833.84 | 152.50 626.28] - - C = C Stretching
13 1821.35| 20.85 1437.9f - - C = C Stretching|
14 | 1820.04 | 0.99 67.65 - -- C = C Stretching
15 1785.47 | 235.94 16.70 - -- C = O Stretching
16 | 1767.89 | 1479.65| 185.74 -- -- C = O Stretching
17 | 1750.22 | 278.98 146.17, - - C = C Stretching
18 | 1746.38 | 864.66 215300 - - C — H Bending
19 1705.19 | 41.49 358.37 - -- C = C Stretching
20 | 1703.26 | 9.79 104.93 - - C — H Bending IP
21 | 1676.14 | 381.94 116.72 1665.23  42.0629 C = @tsling

22 | 1657.90 | 379.09 38.20 1643.05 32.1826 C = Ctchirg

23 | 1607.74| 30.37 41.68 - - C = O Stretching
24 | 1600.14 | 39.38 28.00 1599.66 50.6804 C = O Siiregc

25 1587.14 67.64 147.99 -- -- C — H Bending
26 | 1583.26 | 32.57 57.42 - - C — H Bending
27 1539.41 35.97 31.15 -- -- C — H Bending
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28 | 1538.92 | 16.00 18.40 - - C — H Bending
29 | 144239 | 1.20 10.00 - -- C — H Bending
30 | 1437.86 | 104.88 1.23 - - C — H Bending

31 | 1453.7° | 258.6¢ 473.5¢ | 1453.. | 52.552; | C=C Stretchin

32 | 1448.76 | 31.41 75.00 - - C = C Stretching
33 | 1339.27 | 3.24 1.52 1337.39 66.8283 C-—H Bending
34 1347.31 | 12.73 2.86 -- - C — H Bending
35 | 1289.60 | 48.10 21.78 1291.]11 48.3606 C—H Bendin
36 1289.25| 0.74 35.53 - - C — H Bending

37 | 1273.7¢ | 28.71 21.6( - -- C - H Bendinc

38 | 127170 | 15.44 24.90 - - C — H Bending
39 | 1243.78 | 466.71 115.26 1229.4  59.798  C-—H Bendin
40 1222.81 | 4.61 33.75 -- - C — H Bending
41 | 1191.29 | 13.00 126.00f - - C — H Bending
42 1190.71 4.14 8.14 -- -- C — H Bending
43 | 114567 | 1.73 13.51 1155.15 65.2822 C - H Bendio®@
44 | 114544 | 4.86 7.80 - -- C — H Bending O(
45 1139.99 30.94 87.87 -- -- C — H Bending IP
46 | 1134.02 | 76.28 4.72 - -- C — H Bending IP
47 | 1106.02 | 0.19 12.32 1103.08 69.1815 C —H Bendio®@
48 1105.88 | 0.18 14.20 - - C — H Bending O
49 | 1074.94| 0.70 2.30 1079.94 70.567 C-—H Bendid®(
50 | 1074.74| 0.84 247 - -- C — H Bending O(
51 997.23 43.68 9.45 -- - C — O Stretching
52 | 981.32 426.32 1.50 - -- C — O Stretching
53 | 965.15 41.45 0.00 - -- C — H Bending O(
54 | 964.73 2.00 7.85 - - C — H Bending O(
55 | 943.07 1.10 24.46 -- - C — O Stretching
56 | 942.11 2.70 5.10 -- - C — H Bending O(
57 | 938.14 16.12 50.18 938.199 89.5907 Zn-O Stimgych
58 | 920.26 4.28 6.99 -- - Zn-O_Stretching
59 | 881.55 3.53 2.27 -- - C — H Bending IP
60 | 878.17 30.50 0.20 857.204 58.6249 C - H Benlifing
61 | 872.55 3.81 9.00 -- - C — H Bending O(
62 | 871.77 37.46 3.11 835.036 50.5563 C - H Bendid®
63 | 802.08 8.00 1.86 -- - C — H Bending O(
64 | 800.52 1.43 8.90 -- - C — H Bending O(
65 | 779.6: 37.3¢ 3.1t - - C- 0 Bending OO
66 | 775.48 8.19 23.63 754.031 47.8687 C - O Bendiog
67 714.14 19.00 45.47 -- -- --

68 | 705.31 7.60 4.60 -- - C — H Bending O(
69 | 704.63 1.56 4.52 699.069 62.66p5 C—H Bendio@(
70 | 690.23 32.61 10.84 671.106 83.678  Zn—O Strejchin
71 | 680.0¢ 24.7¢ 47.30 - - -

72 | 629.66 10.76 47.33 629.644 56.885  Zn—O Strejchin
73 | 605.31 1.27 6.43 600.717 73.8844 C - O Bendidg(
74 | 591.28 21.91 31.21 - -- C — H Bending O
75 | 591.01 63.26 12.68 -- - Zn O Bending

76 | 558.16 43.87 1.77 566.11 0.60 C-0Bending g
77 548.0¢ 55.8¢ 5.3¢ - -- C—H Bending I

78 | 516.0¢ 2.67 11.62 525.4. | 2.0C C-H Bending I

79 515.51 0.85 1.92 518.9¢ 2.20 C — H Bending IA
80 | 497.34 77.97 26.57 - -- Zn O Bending

81 | 484.30 2.73 12.26 491.94 0.20 Zn O Bending
82 | 458.3( 19.42 6.7¢€ 478.77 | 0.2C Zn O Bendin

83 | 431.9: 11.6¢ 1.3C 446.0C | 19.6( C-0 Bending OO
84 | 394.16 13.95 3.46 414.87 8.20 Zn O Bending
85 | 394.08 4.62 1.21 397.54 2.30 C -0 Bending G
86 | 391.23 0.52 5.40 -- - C — H Bending O(
87 | 382.75 17.78 0.80 372.23 19.00 Zn O Bending
88 | 348.97 2.81 2.13 350.82 5.20 Zn O Bending
89 | 320.4: 9.7t 0.1¢ 312.5¢ | 3.8 Zn O Bendin

90 | 311.14 0.46 3.42 303.01 3.90 Zn O Bending
91 | 282.40 56.89 2.93 279.01 4.20 Zn O Bending
92 | 224.17 21.70 0.33 225.2Q 1.20 Zn O Bending
93 | 199.96 0.18 5.00 209.74 2.80 C —O Stretching
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94 | 165.31 0.10 0.68 - - C — H Bending O(
95 | 160.55 2.87 1.75 - - C = O Bending
96 113.10 26.78 0.55 - - Zn-0 Bending
97 | 94.71 2.2€ 4.1¢ - - Zn-O Bending
OOP = OUT OF PLANE IP =IN PLEN
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Molecular geometry.

Fig. 2: FAR IR spectra of Zinc juglonate

The optimized structure parameters of Zinc lawsecatculated by ab initio, HF/SDD basis set attedisn Table 2 in accordance with the atom
numbering scheme given in Fig -1.

The values of bond length i’ And bond angles in degree are given in Table 2.

The bond length of Zn-O is showing a differenceéddfé A The naphthalene carbon ring is relatively planae, t
largest deviation from the mean plane being 0.023ak the C1 carbon atom. A further interesting fimglis that
the outside angle 036-C20-021 [122.3200] is sigaiiily larger than the inside angle 036-C20-C217[8490]. It
may be noted that almost the same differencesrackgbed.
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Table No:-2 Bond Length and Bong Angles of Zinaiglonate

Sr. No. Bond Bond Length®A] Sr. No Bong Angle (0)
1 Zn37018 1.90521 1 018Zn37016  94.032
2 Zn37016 1.74548 2 036Zn37034  93.542
3 Zn37034 1.74757 3 018Zn37036  86.592
4 Zn3703¢ 1.9074° 4 016Zn3703 | 86.18¢
5 C2018 1.42458 5 018C2C3 122.267
6 C8016 1.26490 6 C2C3C8 121.982
7 C26034 1.26478 7 C8016Zn3fy  127.089
8 C20036 1.42424 8 036C20C21  122.320
9 C9017 1.2584 9 036c20c14 117.649
10 C2703! 1.258¢ 10 C260342Zn3 | 127.87¢
11 C26C2: 1.4075¢ 11 C20C19H2! | 119.74:
12 C21C20 1.40753 12 C26C31H33  119.620
13 C8C3 1.40994 13 C8C13H14 119.6R7
14 C3C2 1.40342 14 C2C1H7 119.744
15 C13H15 1.0700
16 C31H3: 1.070(
17 C1H7 1.070(
18 C19H25 1.0700

Mulliken Atomic Charges

Mulliken charges arise from the Mulliken populatianalysis (16,17) and provide a means of estimatisugial
atomic charges from calculations carried out byrttethods of computational chemistry, particulahigge based on
the linear combination of atomic orbital’'s moleaqutabital method, and are routinely used as vaemldh linear
regression QSAR procedures(18). In the applicatibquantum mechanical calculation to molecular eystthe
calculation ofeffective atomic charges plays an important rolee Electron distribution of Zinc lawsonaie
compared in the two different mechanical methaud the sensitivity of the calculated charges trgh in choice
of methods is studied. By determining electron pafon of each atom in the defined basis functibe, Mulliken
charges are calculated by HF/SDD. The results mgepted in Table-3 which the values of atomic gésiof each
atom of the concerned molecule.

Table-3:- Mulliken Atomic Charges of Zinc juglonate

1C | -0.335288 2Q 20g 0.20607
2C | 0.205547| 21 21G 0.05515
3C | 0.048605| 27 220 0.24748
4C | 0.249150] 23 230 -0.36823
5C -368260| 24 24Q  -0.17593
6C | -0.175843 2§ 25H 0.27305
7H | 0.273359| 26 26Q 0.29069
8C | 0.290941| 27 27G 0.04749
9C | 0.047677| 2§ 28H 0.29248
10 | 10H| 0.292641] 29 29H 0.24526
11| 11H| 0.245479| 30 30Q -0.2945
12 | 12C| -.293684| 31 31¢ -0.3093
13| 13C| -0.30959| 32 32H 0.27522
14 | 14H| 0.275531| 33 33H 0.27300
15| 15H| 0.273543| 34 340 -0.4615¢
16 | 16C | -0.45938: | 35 | 35C | -0.24880°
17 | 170| -0.24828| 36 36Q -0.5324%
18 | 180| -0.529929 37 37Zp  1.03842
19 | 19C| -0.335661

= OT O

OO (N[OOI [(W|N|F-

= or @ = OT 1o O =
[e¢] [e]

[e]

[¢]

HOMO-LUMO energy gap and related molecular propstti

The HOMO-LUMO energy gap of the molecule Zinc jugite in the HF and SDD basis set has been caldulate
The HOMO-LUMO energy gap is constant in both methdtis known that the value &0 is often associated
with the electron donating ability of inhibitor nemlule, higher values & om0 is an indication of the greater ease of
donating electrons to the unoccupied d orbitalhef teceptor. The value & uywo is related to the ability of the
molecule to accept electrons, lower valueE€gfyo shows the receptor would accept electrons. Corselyp the
value ofE gapprovides a measure for the stability of the formsechplex on the metal surface. The frame work of
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SCF MO theory, the ionization energy and electrfimity can be expressed through HOMO and LUMO gies
AS I= -E yomo: A= -E Lumo. The hardness compounds to the gap between the H&RMdQUMO orbital energies. If
the gap energy is higher than the Hardness islalger. The global hardnegs % (Enxomo-E Lumo). The hardnesis
associated with the stability of chemical potentigl can be expressed in combination of electron igffiand
ionization potential. Recently Parr et 4119 have defined a new descriptor to quantify the di@bactrophilic
power of the molecule as electrophilicity index),(which defines a quantitative classification bk tglobal
electrophilic nature of a molecule within a relatiscale { = p?> / 21 ) is also calculated and listed in table- 4. The
earlier works of Maynard et g20) have formed the strong foundation for the electilagty index, which provided
the direct relationship between the rates of reactind the ability to identify the function or cajip of an
electrophile and the electrophilic power of theiliors. Using the properties of FF, more powedakcriptors of
reactivity were discussed.

Table No: - 4 Molecular Properties of Zinc juglonae and juglone

Molecular Properties Zinc juglonate eV Juglone gV
HOMO eV -0.31656 -0.34747
LUMO eV -0.04238 -0.00836
Energy gap 0.27418 0.33911
lonisation Potential ( -0.0423¢ -0.0083¢
Electron Affinity(A) -0.3165¢ -0.3474
Global Hardnessj 0.13709 0.16955
Chemical Potentialy) 0.17947 0.17791
Global Electrophilicity () 0.11747 0.09334
Electronegativity ( X ) 0.17947 0.17791

Fig.3 1) HOMO contour 2) LUMO contour

Thermodynamic properties

On the basis of vibrational analysis at B3LYP / S&xixl HF / SDD level, several thermodynamic paramaetee calculated and are presented in
Tabl-5. The zero point vibration energy (ZPVE) ahd entropy, Svib. (T) are calculated to the extd#raccuracy and the variations in ZPVE

seem to be insignificant. The total energy anddh&nge in total entropy of Zinc lawsonate at roemgerature at different methods is only

marginal.

Table 5 theoretically computed Energies (a.u.), Zerpoint Energy (Kcal / mol)
Rotational Constants (GHz), Entropy (cal ml'K™) and Dipole moment D (Debye)

Parameter HF/SDD
Total Energy e.u. -1275.515
Zero Point Energy 162.69479
Rotational constants(GHZ 0.50326
0.0927¢
0.0793¢
Entropy Total 120.713
Translational 0.889
Rotational 0.889
Vibrational 170.085
Dipole movement (C 2.5963 Deby
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CONCLUSION

The chemical potential of zinc juglonate and juglare almost equal. The calculated vibration fragies are
compared with experimental data and found mosheitare in good agreement. The assignments wefienced
with the help of animation process which is avdéaim Gaussian 09 computer code. The results stighesit
shows the formation of chelates. The molecular ggpmof Zinc juglonate ibest at the HF/ SDD level. The
HOMO- LUMO energy was calculated and other relatemlecular properties were also discussed. The karli
atomic charges were calculated and the results eiscessed. Thermodynamic parameters were cadcllat
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