L ) ;‘L'_'F |. * .-l q:"'-l '-'";,h v
-2 LS "
\ - a4 l:.:ll' i [
."o,,_' o V- . 8
.’- H : *. "i.
[ iy Wl s
k|

i

M

Scanned by TapSanner




Scanned by TapScanner



Scanned by TapScanner




CONTENTS

BRIAPTER L......cocecueueensssaeonossstiomesmmtoestonsssamens e
Device Quality and Bulk Size Nonlinear Optical Single Crystals by Rotational
Sankaranarayanan Ramasamy (Rsr) Method: A New Crystal Growth Method ..........ccooverevevveomsrevvsssesseses I

(P. Karuppasamy, T. Kamalesh, Muthu Senthil Pandian, P. Ramasamy, Verma Sunil)

FEAFFSA AP IRAFI IR I

Investigations on Crystal Growth, Structural, Optical and Thermal Properties of 2-Amino-5-
Nitropyridinium Derivative Single Crystals For Nonlinear Optical (Nlo) Applications.........c....cccceeue.... 12
(Sivasubramani Vediyappan, Muthu Senthil Pandian, Ramasamy Perumalsamy)

12

CHAPTER 3......ooieeiccissssinsssoneesvusssanssssisbsainssssnsnsonssasubsnsnessensactnion tie kentn ot s N 26
Investigations on Growth Kinetics, Physiochemical Properties, and
the Effect of Ion Implantation on L-Histidintum Maleate Single Crystal ...........c.ccovvrvieieioveciciiercccraneee 26
(H. Arul and D. Rajan Babu )
CHAPTER 4........ccovseeseesoscessnsrssnsoseissssaspssnssassessmesrre)soumssnehbrasnsadeiisretriornets 1ot it R R R 45
[nvestigation on Semi-Organic Potassium Acid Phthalate Single
Crystal for Nonlinear Optical APPRHCAIONS ......c.cc..coccresasessonassssssmmsssisuossossotsytamesssopins ool sismimia et 45
(Manju Kumari, N.Vijayan, Debabrata Nayak and R.P.Pant)
T T T e iriessestysepeammisieraiiss ettt 57
A Theoretical Investigation of Bumetanide Using
Charge Density and Topological PrOPETLIES. .........iu.ceeerasrsriscsrisrrirtbossl ishatsasisanras edtsamstsststettiinio S 57
(R Niranjana Devi, J Kileyoba Vinnarasi, Poun Raj Parvonraja)
CHAPTER 6......cooniliioiiciiatiosdoidsteriatuosomtsss sossaisntosorsnposinssscatssban e sansng e v e iate e N 65
The Role Of Amino Acid (L-Histidine) Addition on the Physico-Chemical
Properties of Metal Sulphate Heptahydrate Crystals.............ccoiiimeiiiieiesiisniinisiesiasissassarsscsssasssnsssassssns 65

(P. Sumithraj Premkumar, X. Sahaya Shajan)

CHAPTER T .ucvivveesvrsosoras e e vt sisesssvasisvinases i munnt St I 77
Growth and Characterization of Metal Cation on Potassium Hydrogen Phthalate Single Crystals........77
(J. Aarthi, S. Gowri, S. Rama)

CHAPTER 8..........occoorsersiomrtnscesessraseasesenstonsorsss sabeontit sas it finiiareessareitiads Mntonibntnslne SEretiert ol ot s R U 83
Studies on Au** Swift Heavy lon Irradiated 2-Amino- 5-Nitropyridinium
Dihydrogen Phosphate (2aSnpdp) Nonlinear Optical (Nlo) Single Crystal ... 83

(M. Ambrose Rajakumar, D.Prem Anand)

CHAPTER 9......ccoreercarnrpsetunsassssntsosstnst rpmees tannerotse artnthe s thh il iot SRRt e iay st sned 98
Growth, Structural, Mechanical, Dielectrical and Nonlinear Optical
Properties of Pure and Metal Doped Ninhydrin Single CryStals ..o 98

(K. Balasubramanian)

viPage

Scanned by TapScanner



- T ————

CHAPTER §

{ THEORETICAL INVESTIGATION OF Bumg
| SING CHARGE DENSITY AND Topoy L VANIDE

PROPERTIES.

R.Niranjana Devi' J.Kileyoba Vinnarasi* Poun Raj Plrvur:jn-"

" Department of Physics, Fatima College, Madurai-62501 8

PG and Research department of C hemistry, Thiagarajar College, Madurai.
S\ Research Centre, Sri Sivasubramaniva Nadar Colleg. .

e of Engineering, Chennai 603 110
%1. INTRODUCTION

Bypertension of High Blood Pressure (HBP) is called a "silent killer" and it 1S a major cause of premature |
worldwide and 1t affects between 16-37% of the population globally. Besides, 80% of all adults are at h:
fom their blood pressure. A survey from the literature says that there are 234 million Indian adults are affected
th hypertension which 1s expected to be the large increase in cardiovascular diseases burden in near future.
HBP can lead 10 many serious health problems, such as heart attack, heart failure, stroke, and kidney discase.
Treatng high blood pressure early is important in preventing these problems. Moreover dozens of dafferent
pedications can help to treat high blood pressure. These drugs are called anti-hypertensives. One such potent
mu-hyperiensive drug candidate is Bumetanide. Bumetanide (BMT) also known as Bumex is highly useful m
reatment of swelling and high blood pressure. This is a loop diuretic and works by decreasing the re-
sorpuion of sodium by the kidneys [1,2]. It works by blocking the cation-chloride co-transporter NKCCl
nembrane transport protein, Na—-K-Cl), which further decreases chloride concentration in neurons and
ferefore intensifying the inhibitory effect of GABA (y-aminobutryic acid). GABA is known as a chief
Muditony neurotransmitter in the central nervous system. It is directly accountable for muscle tone. This
echanism of action helps Bumetanide to act as a potential anti-seizure drug [3].

- This study about Bumetanide in the view point of structural, topological, reactivity and interaction
pertics will give nich information which further enables pharmacologists and drug engineers to design
¥ drugs with reduced side effects and improved efficiency

» THEORETICAL CALCULATIONS

L. Geometry Optimization

S work geometry optimization of Bumetanide (C17HxN20sS) was done at the ground state level using

ke-3-Lce-Yang-Parr hybrid exchange functional (B3LYP) of the density functional theory with 631 1G(d,
8IS sets using GAUSSIAN 09W software [4], Ry

~ Generally, geometry optimization tries to locate minima on the potential energy surfice, and is &
matical relationship connecting molecular structure and the resultant energy. '!hllim has
s and it has 129 degrees of freedom, ¢ &
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<3 RESULTS AND DISCUSSION

b £ o
:jtilqms:crt:m of the molecule Bumetanide has two rings mﬂ Y an oxygen
wre of Bumetanide W as shown in figure 5.1. The bond length rang, .
struc Il have single bond except C17-C18 which h e b

ts that they a
m ;;uﬁe? 373A. The C3 atom has three bonds with neighboring atc

C4. C2-C3-012 and C3-C4-012 plane angles 119.99°, 120.01°4 d 119 |

for the central atom Tt
hvbridization and trigonal planar geometry |
:pn;lcyv?uesnfthemolcculeBMThasbemglmmTw!eSlﬁdgﬂ cctively

Table 5.1 Bond Lengths of Bumetanide molecule

Cl-cz L TS P— S _J'E' —
C1-Cé6
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< » Rond sngles of Bumetanide molecule

- (2] = =
: | 1
I 1_ c 12001 | C6-C1-H7 120.00
 C1-C6-CS . 12000 | C6C5HI0 | 11998
. | 12000 | C14C16H20 | 12047
>-C3-C4 11999 | C15-C17-H19 | 11898
~ C4CS | 11999 | CI8C17-H19 | 12065
ciCsCe | 12000 |cizciemo | 12047
c13.C14C16 | 11920 | 3336837 | 10947
cisC17_ | 12032 |c33ciemss |1047  |eseicss
14CI13-CI5S | 12050 | C36-C39-H40 | 10947 cmc_u-ms
14-C16-CI8 11906 | C36-C39-H41 | 10947 |cClsC2100
15-C17-C18 12037 | C39-C42-H43 | 10947 |ci1sc21-023
16-C18C17 | 12055 |cC39ca2H44 | 10947 | c21-023-H24
16C18C21 | 11859 | C39-C42-H4s | 10947 | o12-c13-ci4
821 | 12086 | H34033C36 | 1047 | on2cizcis
C33-C36-C39 10947 | H35-C33-C36 | 10947 | 022-C21-023
C36-C39-C42 | 10947 | H37-C36C39 | 10947
CI3-CISN31 | 12069 | H38-C36-C39
CI7-CISN31 | 11899
i C1-C2-H8 119.98
| C1-C6-HII : 120,01
C2-CI1-H7 12000 | H37-C36-H38 |
| C3-C2-ns # 120.01
4 C3-C4-H9 | 11998
i C4-C5-H10 120.01
1 C5-C4-Ho 120.02
L C5-C6-HI 119.99
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5.3.2. Intra and Inter Molecuia e molecule with the neighbouring molecules can by

- ular interactions 0 i The distance X Plaine
The mmnnnlm.ulnr n tosié and finger p]'ml plﬂt (3, 6). I m~m e

. ’ HTSth]d analysl ' ' LS “
prctunz o tlh:ﬁ ;utsidc and inside the s_urface are chﬂ:i'ﬂggl‘lm“b? ‘ﬂ]‘ W d. and 4, “.:
the nearest aT07F distance dnorm. The 3D Hirshfeld plot - . S s e ,hir‘
normalized contact di the 3 dimensional Hirshfeld surface Points o ey,

22 and 2b. The large and ¢ circular pa:(;l:}isdﬂzonmts (O-H...0) and the light red spots og g,

;nntact interactions rcspf’;z;s fthe O-H....O interaction is seen by the mﬂhﬁ
C ; i i ;

tT;F:cula:r interactions are seen as distinct spikes in the fingerprint plot. h‘“

ves are from H...H contacts and they play a major role which has the )
e
the molecule in the crystal. Contributioy,

represent C-H...m int
O...H/H...O mter mO
points between the sp1
53.7% in the packing of

Figure 5.2 a) Hirshfeld plot and b) Finger print plot of the molecule.

o

-
= ' &>

5.3.3. Topological Properties “‘g g
AIM topological analysis was carried out with the help of Multiwfn 3.3.9 [7]. Badef's AEM
as a great tool for the qualitative analysis of the electron density p(r) and Laplacian Vép(r) ﬁ i 7
density. Within the AIM theory, the topology of the electron density is exposed by its M g
The nucleus is known as an attractor and the paths converging to a nucleus represents a w“ L predl
Lnown as atomic basin, Some gradient paths reaching a nucleus do not start from infinity but from a POREEE-
between two nuclei which is called a Bond Critical Point (BCP) where the gradient of p(r) vanis ? o
The topological properties of the electron density are listed in table 5.3. The range of electron densiy
for the C-C bonds 1.613 ¢/A’ - 2.085¢/A” in which the C1-C2, C1-C6, C5-C6, C14-C16 and C17-C m 3
has the same electron density value of 2.085 ¢/A’. The molecular graph showing the critical point el d_ b
atoms is shown in figure 5.3 a. The regions of charge concentration and charge depletion can be viewet # :
the positive and negative Laplacian of the electron density values. Charges are highly concentrat
bonding region (Figure. 3b). Among all the I_del. the O12-N28 and 012-H35 bonds are having posith
Laplacian values (0.96 /A’ and 1.20 ¢/A") which show the closed shell interaction of the lmgm' ¥ ””,Zi"
electron localization function [9] clearly uhom the sharing of electrons between the atoms in the bond petll a8
also the lone pair details of the 012 atom (Figure.3c¢). | | .
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Crystal Growth and Characterization

Figure 5.3: a) Molecular graph b) Laplacian of the electron density
c¢) Electron localization function of the Bumetanide molecule.

Table 5.3 Topological properties of the Bumetanide molecule.

I 2 2

Bonds e &3) (i f £5) £ Bonds ( eﬂk’) (E{ ;:5) £ ]
C1-C2 085 | 2072 | 021 [Ci7Hls | 1910|2362 | o
C1-C6 2085 | 2072 | 02| cC33-H34 | 1890 -2289| 003
C2-C3 2112 | 2145|025 | C33-H35 | 1917| 2362
C3-C4 2112 | 2121|024 | C36HI7 | 1836] 2145
C4-C5 2078 | 2048 | 021 | C36-H38 | 1849 | 2193
C5-C6 2085 | 2072 | 02]C39-H40 | 1849 |
C13.C14 | 2078 | -2048 | 028 | C39-Ha1 | 1849
C13-C15 | 2031 ] -19.76 | 027 | C42-H44
C14-Cl6 | 2085 | -20.48 | 021 | C42-H43

C15-C17 2.065 | -20.24 | 0.22 C42-H45 1.842

clecis | 20721 2048 02| CHOMEICERIN
e
C17-C18 | 2.085| -20.72 m crso2 | 1856 | 916 001

C18.C2l | 1802 -1539 c21.022 | 2814
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_( rvstal Growh andd ('.'humcferlmﬂaﬂ

, evidently shows that all the oxygen atoms gyc

e .. m | : has O 5 e ————.
T?*“ _nere they all can ‘IIIFETHEI with the electron POOr mgiun:iz' 022, 023, 026 and 027 are elect
sif¢ e value of dipole n is N the target fon rich
L o As the .lllIL | P c 1'Dmeﬂt 1S Sllghlly ]ﬂl‘ge( =4 B prmn h can In a
e o pulation analysis is the unembellished H= 9.86Debye), Bood polar
populatic ) . model in order to desger;
' ving atomic charges. In lhf'.'. application of quantum chemicat ca[nbe cfhargg dimib“uoﬂmdalm fn-r
Rgullikcn atomic charges play a vital role. The AIM charges are based culation tq molecular systerms the
ng all the atoms, the S25 atoms bears the most positive char upon ﬂwelectrondﬁmityvaluq 'Th:
.‘1 - through AIM (-1.270e) MPA(—{]A?e) bears th E'E (AIM: 2.806¢ _ .

Figure 5.4: Molecular electrostatic potential map of Bumetanide molecule.

e 5.5 MPA and AIM charges of Bumetanide molecule.
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Crystal Growth and Characterization

5.4. CONCLUSION
In this study, the structural analysis, topological properties, el WO BN,
interaction of the drug candidate Bumetanide had been interpreted in ¢ : o
electron rich and poor regions had been discussed with th'e'he]p of :’*1
electron density and electrostatic potential map. It has the favourab ﬁ"

chemical reactivity, very soft and less toxicity. This study will pﬂ? th
design more efficacy drugs with reduced side effects. et R

l—|~-‘l. I
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