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Abstract:	B3LYP/LANL2DZ	calculation	 results	 indicated	some	selected	bond	 length	and	 bond
angles	values	for	the	C18H10F11BrN4O	.	In	this	article,	the	optimized	geometries	and	frequencies	of
the	 stationary	 point	 and	 the	 minimum-energy	 paths	 of	 new	 compound	 with	 C18H10F11BrN4O
chemical	formula	are	calculated	by	using	the	DFT	methods	with	6-311	and	LANL2DZ	basis	set.	The
NMR	spectra	of	C18H10F11BrN4O	is	calculated	by	using	the	DFT	(B3LYP)	methods	with	LANL2DZ
basis	sets.
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Introduction

Fluorous	molecules	 comprise	 an	 organic	 domain	 (chain)	 and	 a	 highly	 fluorinated	 domain
(chain).	 Ideally,	 the	 organic	 domain	 controls	 reactivity	 and	 the	 fluorinated	 domain	 controls
separation.	 The	 aim	 is	 to	 facilitate	 the	 separation	 process.	 Fluorous	 chemistry	 or
Fluorocarbon	and	Organofluorine	chemistry	 involves	the	use	of	perfluorinated	compounds	or
perfluorinated	 substituents	 to	 facilitate	 recovery	 of	 a	 catalyst	 or	 reaction	 product.	 This
property	 can	 be	 useful	 in	 organic	 synthesis	 and	 separation	 methods	 such	 as	 solid	 phase
extraction	 [1].	The	word	"fluorous"	 is	 relatively	new	but	has	gained	general	acceptance.	As
an	adjective,	“fluorous”	refers	to	highly	fluorinated	saturated	organic	materials,	molecules,	or
molecular	fragments.	The	history	of	"fluorous	chemistry"	definition	one	can	see	in	[2].

Integrated	fluorous	technologies	with	microwave	reactions	and	multi	component	reactions
provides	valuable	tools	for	Fluorous	high-throughput	organic	synthesis.	[3-5]



The	structure	of	the	compound	has	been	optimized	by	using	the	DFT	(B3LYP)	method	with
the	 LANL2DZ	 basis	 sets,	 using	 the	 Gaussian	 09w	 [6]	 program.	 Density	 functional	 theory
methods	were	 employed	 to	 determine	 the	 optimized	 structures	 of	 C18H10F11BrN4O.	 Initial
calculations	were	performed	at	the	DFT	 level	and	split	—	valence	plus	polarization	LANL2DZ
basis	sets	were	used.	Local	minima	were	obtained	by	full	geometrical	optimization	having	all
positive	frequencies.	[7]

COMPUTATIONAL

The	optimized	structural	parameters	were	used	in	the	vibrational	frequency	calculations	at
the	DFT	level	to	characterize	all	stationary	points	as	minima.	All	computational	are	carried	out
using	 Gaussian	 09w	 program.	 Harmonic	 vibrational	 frequencies	 (ν)	 in	 cm-1	 and	 infrared
intensities	(int)	in	Kilometer	per	mole	of	all	compounds	were	performed	at	the	same	level	on
the	 respective	 fully	 optimized	 geometries.	 Energy	 minimum	 molecular	 geometries	 were
located	by	minimizing	energy,	with	Respect	 to	all	 geometrical	 coordinates	without	 imposing
any	symmetrical	constraints.

RESULTS	AND	DISCUSSION

Molecular	properties

The	structure	of	compound	is	shown	on	Figure	1.	All	calculations	were	carried	out	using	the
computer	program	Gaussian	09w.

Fig	1.	The	schematic	structure	of	the	C18H10F11BrN4O.

Theoretical	calculation	both	bonds	and	angles	of	compound	were	determined	by	optimizing
the	geometry	 (Table	 1).	 The	NBO	Calculated	Hybridizations	 are	 reported	 in	 Table	 2.	 B3LYP/
LANL2DZ	 calculation	 results	 showed	 that	 the	 (C5-Br10)	 bond	 length	 values	 for	 the
C18H10F11BrN4O	 are	 1.90	 Е	 respectively.	 And	 (N12-N13)	 bond	 length	 values	 for	 the
C18H10F11BrN4O	are	1.39	Е	respectively.

NBO	(Natural	Bond	Orbital)	study	on	structures



NBO	Calculated	Hybridizations	are	significant	parameters	for	our	studying.	The	structure	of
the	compound	has	been	optimized	by	using	the	DFT	(B3LYP)	method	with	the	LANL2DZ	basis
sets,	using	the	Gaussian	09w	program.	Density	functional	theory	methods	were	employed	to
determine	 the	 optimized	 structures	 C18H10F11BrN4O	 (Table	 1,	 Figure	 1).	 These	 natural
localized	 sets	 are	 intermediate	 between	 basis	 atomic	 orbitals	 (AO)	 and	 molecular	 orbitals
(MO):	 Atomic	 orbital	 →	 NAO→	 NHO→	 NBO→	 NLMO→	 Molecular	 orbital.	 Natural	 (localized)
orbitals	are	used	in	computational	chemistry	to	calculate	the	distribution	of	electron	density	in
atoms	and	bonds	between	atoms.

Table	 1.	 Geometrical	 parameters	 optimized	 for	 C18H10F11BrN4O	 some	 selected	 bond
lengths	(Е)	and	angles	(°).

angles	(°) Bond lengths	(Е) Bond

120.04 Br10-C5-C4 1.90 C5-Br10

120.30 C11-N12-N13 1.29 C11-N12

120.04 N14-C15-C21 1.39 N12-N13

119.94 H23-C17-C18 1.25 C15-O16

119.95 C20-N19-C18 1.33 C21-N22

109.32 F37-C29-C30 1.34 C32-F43

140.49 F43-C32-F45 1.34 C28-F35

They	have	the	"maximum-occupancy	character"	in	localized	1-center	and	2-center	regions
of	 the	molecule	 [8].	With	 a	 computer	 program	 that	 can	 calculate	NBOs	and	optimal	 Lewis
structures	 can	 be	 found.	 An	 optimal	 Lewis	 structure	 can	 be	 defined	 as	 that	 one	 with	 the
maximum	amount	of	electronic	charge	in	Lewis	orbitals	(Lewis	charge)	[9].

A	 low	 amount	 of	 electronic	 charge	 in	 Lewis	 orbitals	 indicates	 strong	 effects	 of	 electron
delocalization.	 In	 resonance	 structures,	major	 and	minor	 contributing	 structures	may	 exist.
For	 amides,	 for	 example,	NBO	 calculations	 show	 that	 the	 structure	with	 a	 carbonyl	 double
bond	 is	 the	 dominant	 Lewis	 structure.	 However,	 in	 NBO	 calculations,	 "covalent-ionic
resonance"	 is	 not	 needed	 due	 to	 the	 inclusion	 of	 bond-polarity	 effects	 in	 the	 resonance
structures	[10].	This	is	similar	to	other	modern	valence	bond	theory	methods.

Natural	Bond	Orbital's	(NBOs)	are	localized	few-center	orbital's	that	describe	the	Lewis-like
molecular	bonding	pattern	of	electron	pairs	in	optimally	compact	form.	More	precisely,	NBOs
are	 an	 ortho-normal	 set	 of	 localized	 "maximum	 occupancy"	 orbital's	 whose	 leading	 N/2
members	(or	N	members	 in	the	open-shell	case)	give	the	most	accurate	possible	Lewis-like
description	of	the	total	N-electron	density.	This	analysis	is	carried	out	by	examining	all	possible



interactions	 between	 "filled"	 (donor)	 Lewis-type	 NBOs	 and	 "empty"	 (acceptor)	 non-Lewis
NBOs,	 and	 estimating	 their	 energetic	 importance	 by	 2nd-order	 perturbation	 theory.	 Since
these	 interactions	 lead	 to	 donation	 of	 occupancy	 from	 the	 localized	 NBOs	 of	 the	 idealized
Lewis	structure	into	the	empty	non-Lewis	orbitals	(and	thus,	to	departures	from	the	idealized
Lewis	structure	description),	they	are	referred	to	as	"delocalization"	corrections	to	the	zeroth-
order	natural	Lewis	structure.

Natural	 charges	 have	 been	 computed	 using	 natural	 bond	 orbital	 (NBO)	 module
implemented	 in	 Gaussian	 09w.	 These	 quantities	 are	 derived	 from	 the	 NBO	 population
analysis.	The	former	provides	an	orbital	picture	that	is	closer	to	the	classical	Lewis	structure.
The	NBO	analysis	involving	hybridizations	of	selected	bonds	are	calculated	at	B3LYP	methods
LANL2DZ	level	of	theory	(Table	2).

Table	2.	The	NBO	Calculated	Hybridizations	for	C18H10F11BrN4O	(B3LYP/LANL2DZ)

Bond Atom B3LYP

C-C C1-C2 S1P1.81	S1P1.94

C-F C28-F36 S1P3.22,S1P2.67

C-H C2-H7 S1P0,S1P2.50

C-Br C5-Br10 S1P3.71,S1P6.34

C-N C17-N22 S1P2.25,S1P1.83

These	data	 shows	 the	 hyper	 conjugation	 of	 electrons	 between	 ligand	 atoms	with	 central
metal	 atom.	 These	 conjugations	 stand	 on	 the	 base	 of	 p-d	 π-bonding.	 The	 NBO	 calculated
hybridization	 for	C18H10F11BrN4O	 shows	 that	 all	 of	 compounds	 have	 SPX	 hybridization	 and
non	planar	configurations.	The	total	hybridization	of	these	molecules	are	SPX	 that	confirmed
by	 structure.	 The	 amount	 of	 bond	 hybridization	 showed	 is	 equality	 between	 central	 atoms
angles	 (Table	 2)	 shown	 distortion	 from	 normal	 VSEPR	 structures	 and	 confirmed	 deviation
from	VSEPR	structures.	(Figure	1).

IR	and	Raman	spectra

Infrared	 spectral	 range	 of	 12800-10	 cm-1	 spectral	 region	 is	 extensive.	 The	 infrared
spectrum	 a	 molecule	 to	 be	 absorbed	 by	 the	 dipole	 moment	 of	 the	 molecule	 should	 be
expected	to	change	as	a	result	of	vibration	and	rotation.	Infrared	spectrum	gives	information
about	 the	 structure	 of	 a	 molecule.	 The	 spectrum	 of	 basic	 information	 about	 the	 various
functional	groups	as	well	as	any	other	 information	 that	may	be	used	 to	 identify	substances
implies.

In	this	article	we	use	the	Gaussian	09w	software	able	to	obtain	infrared	spectrum	(Figure	2
&	Table	3).	Closely	connected	in	research	practice	to	the	procedure	of	structural	optimization



is	 the	 calculation	 of	 vibrational	 frequencies.	 They	 are	 used	 for	 simulating	 infrared	 (IR)	 or
Raman	 spectra.	 You	 can	 see	 in	 Figure	 3	 Raman	 spectra.	 Raman	 spectroscopy	 is	 a
spectroscopic	 technique	 used	 to	 observe	 vibrational,	 rotational	 and	 other	 low-frequency
modes	in	a	system	[13].	The	Raman	Effect	occurs	when	light	impinges	upon	a	molecule	and
interacts	with	 the	electron	 cloud	 and	 the	 bonds	 of	 that	molecule.	 Generally	 under	 red	 and
Raman	 spectrum	 are	 complementary.	 Because	 each	 of	 them	 with	 a	 different	 set	 of
vibrational	states	of	a	molecule	are	associated	with.	A	major	advantage	compared	to	Raman
Spectroscopy	 Infrared	 spectrum	 that	 does	 not	 overlap	 the	 water.	 Therefore	 in	 the	 Raman
spectra	of	aqueous	solutions	can	be	achieved.

Fig	2.	Calculated	infrared	spectra	of	C18H10F11BrN4O	−	(top	to	bottom,	Frequencies	in	cm
−1,	intensities	in	arbitrary	units).

Fig.	3.	Calculated	Raman	spectra	of	C18H10F11BrN4O	by	DFT	(B3LY)/LANL2DZ.

Table	 3.	 DFT	 (B3LYP)	 with	 LANL2DZ	 level	 calculated	 vibrational	 frequencies	 of
C18H10F11BrN4O	(cm	-1).

Epsilon Freq Infrared Raman
Activity

1700 273.49 173.49 108.75

700 6.41 1.67 44.66



400 96.71 14.79 6.45

900 1053.63 348.54 1109.55

	

NMR	spectra

NMR	 spectroscopy	 is	 used	 for	 the	 atoms	 of	 the	 nucleus	 relative	 to	 the	 magnetic	 field
sensitive.	 NMR	 spectroscopy	 is	 a	 useful	 technique	 for	 identifying	 and	 analyzing	 organic
compounds.	 In	 this	 we	 have	 carried	 out	 computed	 chemical	 shift	 calculations	 of	 present
molecule.	 Whereas	 infrared	 spectroscopy	 provides	 information	 on	 the	 functional	 groups
present	 in	 the	molecule	 goes	 nuclear	magnetic	 resonance	will	 inform	 us	 of	 the	 number	 of
each	 type	 of	 hydrogen.	 In	 this	 article,	 NMR	 Spectra	 of	 C18H10F11BrN4O	 are	 calculated	 by
using	the	DFT	(B3LYP)	methods	with	LANL2DZ	basis	sets.	The	spectra	C-NMR,	H-NMR,	and	F-
NMR	are	in	Figures	4a-c.

	a)

	b)

	c)



Fig.	4.	Calculated	A)	C-NMR	B)	F-NMR	C)	H-NMR	spectra	of	C18H10F11BrN4O	by	DFT
(B3LY)/LANL2DZ.

Frontier	molecular	orbital

We	concentrate	attention	on	these	two	orbitals	because	they	are	closest	in	energy.	These
orbitals	are	intimately	involved	in	chemical	reactivity,	because	they	are	the	most	available	to
electrophiles	and	 nucleophiles,	 respectively.	 Another	 key	 change	has	 to	 do	with	 the	 frontier
orbitals,	the	(HOMO)	and	*(LUMO)	orbitals	[11-12].

The	 HOMO	 represents	 the	 ability	 to	 donate	 an	 electron,	 LUMO	 as	 an	 electron	 acceptor
represents	the	ability	to	obtain	an	electron.	The	HOMO	and	LUMO	energy	were	calculated	by
B3LYP/	LANL2DZ	method.	 This	 electronic	 absorption	 corresponds	 to	 the	 transition	 from	 the
ground	to	the	first	excited	state	and	is	mainly	described	by	one	electron	excitation	from	the
highest	 occupied	 molecular	 or	 orbital	 (LUMO)	 both	 the	 highest	 occupied	 molecular	 orbital
(HOMO)	 and	 lowest	 unoccupied	molecular	 orbital	 (LUMO)	 are	 the	main	 orbital	 take	 part	 in
chemical	stability.	Therefore,	while	the	energy	of	the	HOMO	is	directly	related	to	the	ionization
potential,	LUMO	energy	 is	directly	 related	to	 the	electron	affinity.	Energy	difference	between
HOMO	and	LUMO	orbital	is	called	as	energy	gap	that	is	an	important	stability	for	structures.	In
addition,	 3D	 plots	 of	 highest	 occupied	 molecular	 orbitals	 (HOMOs)	 and	 lowest	 unoccupied
molecular	orbitals	(LUMOs)	are	shown	in	Figure	5.

Fig	5.	The	atomic	orbital	of	the	frontier	molecular	orbital	for	C18H10F11BrN4O	LANL2DZ	level
of	theory.

Electron	Density	Distribution

The	 total	 electron	 density	 distribution	 is	 a	 physical	 property	 of	 molecules.	 The	 electron
density	 is	 typically	 showed	 as	 a	 comparison	 of	 the	 identified	 electron	 density	 with	 that
predictable	by	spherical	models	of	the	atoms	and	is	called	deformation	electron	density.	The
total	 electron	 density	 was	 calculated	 by	 DFT	 (B3LYP)/	 LANL2DZ.	 The	 contour	 maps	 of
electron	 density	 for	 C18H10F11BrN4O	 is	 shown	 in	 Figure	 6.	 Also	 in	 addition	 (Table	 4)	 given
C18H10F11BrN4O	atomic	charges.	The	structure	of	atomic	charges	are	shown	in	Figure	7.



Fig	6.	Contour	maps	of	electron	density	for	C18H10F11BrN4O	was	calculated	at	the
DFT/LANL2DZ	level.

Fig	7.	The	structure	atomic	charges	of	C18H10F11BrN4O	with	display	charge	distribution.

Table	4.	Charges	of	C18H10F11BrN4O.

Atom	NO Charge

C5 -2.292

Br10 0.918

N12 -0.079

N1 -0.302



O16 0.255

F37 -0.212

F42 -2.102

H14 0.254

CONCLUSION

In	 this	 article	 the	 optimized	 geometries	 and	 frequencies	 of	 the	 stationary	 point	 and	 the
minimum-energy	paths	are	calculated	by	using	the	DFT	(B3LYP)	methods	with	LANL2DZ	basis
sets.	This	calculation	results	indicated	some	selected	bond	length	and	bond	angles	values	for
the	C18H10F11BrN4O.	The	infrared	spectra,	Raman	spectra	and	NMR	of	the	C18H10F11BrN4O
were	studied	using	the	theoretical	methods	[14-17].
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