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Theorctical and Infrarcd studies of Ethyl methyl l<ctonc, Mcthyl isobutyl
kctone, Propiophenone and Cyclohexane lvith o-rlicltlorobenzene and o_

chlorophenol

K. V. N. Naik, Arts, Commerce & Sciencc College, Nashik, 422 002,

Dr. V. J. Naukudkar
Hcr(] Lr.p:rrrmcnt of Chenrisir),

Abstrrct:
Binarv mixtures of o-dichlorobenzene and o-chlorophenolwithEthyl methyl kelone, Mcthyl isobutyl

ketone, Propiophenone and c]'crohexane have been prepaied at room temperature ior entire concentrations.
Thesc binary mrxtures studied by Infrared spectroscopy- The data have bein utirized to compute the Inr.ared
studies correlate to Theoretical carcurations. The iesurts have been inter?retcd in ternrs of mcrecular
interactions existing between the components ofth€ mixtures.
Kct-words: Infrared spccrr.oscopy, Theoretical sflrdies, DFT/B3LYP method,6_3lG (d) basis set, o_
Dichlorobenzene, o-Chlorophenol, Ketones, Cyclohexane, Molecular Interactions.
1. Illtroduction
The composition dependence of thermod,,namic properties has proved to be very useful tools in
understanding the nature and extent of pattem of moiecular aggreg.tion resulting from inrermorecutal
interaction between componentsl '?. In the present pape. binary liq;d;ixturc or o-dichlorobenzene (oDB)
and o-chlorophenol (OCP) rvith Erhyt- methyt ketone (EMk), Methyl isobutyl teronc ll.itAXjPropiophenone (PN) and cyclohexane (cYN)have been studied. Theoretical and Infrarcd Red srudiesof o-
dichlorobcnzene (oDB) aod o-chlorophenol (ocp) with above ketones havc bcen stuclied over rhe entire
composruon range.
2. Expcrimcntal
Th€ entire chemical used was of A. R. grade.,vith purity >99% are used as such.Binary mixtures wcre
prepared by mxing a knowu mass of each liquid in an airtight, stoppered glass bottle.LR. mcasurcment
through liquid mixtures provides an excellent tool to inve,-stigate inter a-nd intermolecularinteractions
bctween iike and unlike morecur€s.LR. spectroscopy studies ofpire and binary mixtures of oDB and ocp
with ketones have been recorded over thi whole composition range at toom i".f".otu." ona atmospheric
pressure. FTIR spectra were recorded on a FTIR spectrometer (Model: SIMADZU 34OOS pC) by usini XAr
pellel in the region 400-4000cm I with 4.0 cm_r resorution. The iransmission varues rvere read in it"p. orsz.
The spectrometer possesses out to arigned energy optimization and dynamicaly arigned interferometer. It is
fifted with KBr beam splitter, a DLATGS detector. A base line correciion was madJfor the spectra recordear_
The data have been utilized to compute the Infrared studies correlate to Theoretical Calculations.3. Theory
An IR is widely used for: (l) identificarion and determination of srructure (2) determining the purity and
qumtitative analysis (3) following the course ofreaction (4) hydrogen bonding (5) moleculir geometry and
conlormational analysis (6) chemistry of organic polymos and (7) reactions-oiicacti,e species Iike free
radicals and ions.

The stretching frequency of ch€mical bond depends upon (i) bond strength (ii) reduccd masses of the
atoms forming bond. Aoy factor which will increase bond srrength will increaie siretching frequcncy ofthe
bond, and ifthe mass ofatoms forming the chemical bond is in-creased, the reduced mass wifl increase and
stretching frequency will decrease.The folrowing factors affect the IR absorption frequency: (a) Inductive
and resonance eflect (b) Conjugation (c) size ofthe rinS and (d) hydrogen bonding.

^ ,- 
The frcc (non-bonded) -OH group is observea only in very diluteiolution in-non_polar solvent. The free

o_H stretcling band appears at about 36o0cmr. Intermolecular H-bonding increrses .i,ith the incrcase in
concentration ofsolution. A broad O-H srretching vibration is obtained for iitermolecular hydrogen bonding
in thc range from 3400-3200cm-r. In short, H-bonding decreases the O-H stretch ftcquency. Intermolcculai
hydrogen bonding weakens the O-H bond, ihereby shi[ing the band io lowe.f;;;"""y.4. Results and Discussion

In recent years, experimental resulls have been frequently supponcd with spcctrosropic/theoretical
cJlculations-whlch have provcd quite helpful in explaining the comparrtive relativitres and many other
propertics ofthe organic molecules/complexes.Hydrogen booding is oicenral imponancc rn lhe molecular
sciences for both practical and theoretical reasonsl_r0. Hydrogsn bonding has herd particular interest in receDt
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years due to rhe crnrral role ir plays with regard to molecuiar recognition in both biological and artificial

Ihere has been increasing interest in C-H--O hy&ogen bonds lecently, borh theoretically and
experir.reDtallyrj't. Becxuse carbon is not pariicularly electronegative, lhe ability ofrhe C-H group ro serve
as a proon do,,or in hydrogen bording depends on the carbon hybridization [C (sp)-H > C (sp)-U, C 1sp'1-
H] and on the electron with-drawing strength of adjacent substituentLi z0. Although the C-H-O interacrion
energv varies and is much weaker rhan conventional hyrirogen bonds, it can play important role in molecular
conformalioolr, crystal packing'?r and protein foldingl. Close C-H-O contracts have been observed widely
in high resolution protein stnrctures.Extensive calculations are cafied out to delermine the optimized
geooetries, and electronjc struclure aDd thermochemical data.On the basis of semi-empirical calculations,
tire rcnctivity ofheterocyclic compounds towalds electrophjlic subslirution has been predictedra le.

IIi spectroscopy is the lcading method for identificatioo of hydrogen bonds. For insrance rhe
forruation of an O-H- O hydrogen bond elongates and rveakens the O-H bond. The resulting red shift ofthe
O-H bonrt \trcrchrng tiequency cirr) be easily detected in the IR spec a and its magnitude ihdicates the
stre-Igth ot the hydrogen bondr'. This phenomenon is called ant;hydrogen bondri-r:. However, Scheineret
rl." have concluded, from r ser of careful calculations that "antibydrogen" boflds do not differ
fundamentally from conventional hydrogen bonds. According to dleir resuhs, the eleclron density
redistribulion upon hydrogen bond formarion is similar for both the C-H-O and O-H-O interactions. The
amouDt of charge transferred froln a donor to an acceptor is roughly proporlional to the bonding strength.
The solvent structure deter ines rlle nature of molecular interaction. Speclral changes are caused by
hydrogen bonding, van der Waals inlcractions, dipole-dipole interactions, induced-dipole intaacrions etc.
hformation about hydrogen bording is derived from the bond width, position and intensity of the firs1
overtoDe bands ofthe -OH band (intelrsity offirst overtone band decreases)ra.

Spectrum ofsome OCP + ketones show two absorption bands -OH. The sharp trand is due to free -OH
while rveak band is due to hydrogen bonded -OH. Presence ofhydrogen bonding betweon -OH ofOCP with
oxygen ofstudied kctoDes and absence of hydrogen bonding in systems ofCDB + ketones is confirmed by
FTIR. In case ofODB + Ketoncs, car'bonyl stretching frequency is not so aflected bui slightly incri:ases at xl

=08and09
Th€ interesting behavior of intramolecular hyabogen bonds both tiom the practical and theoretical pojrts of
view has received increased attenrion in recent yearsr5-4r- This can be altribuied to the fact that the value of
hydrogcn bond energy is only a few kilocalories per mole and can rsadily perturb by any change in its
environment. This is especially importmt in studies ofweekly bound complexes ofketones and OCP.
4.1 Infrared studics

The FTIR absorption frequencies of the binary mixtures of ODB and OCP with ketones over the
entire range at room temperature are listcd in Tables 1-0-3.0.
4.1.1 ODB + Ketones

C=O stretchirg vibr::lions:The band due to C=O slretching vibration is observed in the region 1650-
1850 cm r. Fo. auphatic ketone C=O stretching vibration is at 1710-1?20 cm-' and for aromatic ketone C=O
stretching vibraiion i! is obserued a! around 1680-1690 cm' due to conjugalion effecr. From Table 1.0, it is
observed that C=O stretching frequency is almost same from xr :0.1- 0.9 ior ODB + EMK and ODB +
MIBK. Lower C=O slretcling frequency is observed at xr i 0.1 and hjgher C:O stretching frequency is
observed at xr : 0.8 and 0-9 for all systems except ODB + PN. The frequency folloNs the order: ODB +
MIBK>ODB+EMK>ODB+PN.

.IR strctc u(ncir! ol C=(J (ct in (x,) ODB and
ODT}+I'NIK ODB +}IIBK ODB +PN

0 1716.5(s) 1716.6(s) 1685.7G)

0.1 1716.5tw) 1716.7(s) 1685.8(s)
0.2 1716.5(w) 1716.7(s) 1687.7(s)
0.3 1?16.5(s) 1716.7(s) 16E7.7(s)

{.r.{ 1716.5(m) 1716.7(s) 1687.7(s)
0.5 1716.5(s) 1716.7(s\ 1687.7(s)
0.6 1716.5(s) 1716.7(s) 1687.7(s)

Tablc 1. IR hing tie f c=o

ffim
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0.'1 1716.5(s) l'116.7(m 168',7.'..,s
0.8 1714 6(s) 1716.7(m) 1689.7(m)
0.9 1? 16.5(m) t 7 t6.7(n\ 1689.7(m)
t.0

w = weak absorption, s = strong absorption, m = mediurn absorptiorr

Tnhle 2. IR hi

4.l.20CP + Ketones
C=O stretching vibrations: From Table 2.0, it is observed that C=O stretching frequency decreases

liom xr :01 to 0.9 for OCP + EMK, OCP + pN and OCp + MIBK. Highcr C=O strctctring lreqLrency
observcd at xr :0.1. The frequencv follows the order: OCp + EMK > OCp + MIBK > OCp + pN.

stretchin uencic! ofC=O (cm'') in (xr) OCP and 0-x
OCP+EN'K 0( P I-\IIRK OCP+PN

0 1716.5(s) 1714.6(s) 1685.7(s)
0.1 1703.0(s) 1716.7(s\ 1685.8(s)
0.2 1703.0(s) 1707.0(s) I685.8(s)
0.3 1701.0(s) 1705.1(s) 1685.8(s)
0.1 1703.0(s) 1101.2(s) 1681.9(s)
0.5 1703.0(s) 1701.2(s) 1674 2(s)
0.6 I701.1(s) 1697.4(m) 1674.2(s)
0.7 1701.1(s) t691.4(n\ 1672.3(s)
0.8 \699.2(s\ 1697.4(n\ 16',72.3(s\
0.9 1697.2(s) 1697.4(\N\ 1670.4(s)
1.0

(

O--H stretching vibrations: The non hydrogen-bonded hydroxyl group of phenol absorbs strongly in the
1584-365f cm' regron. The rharp free hydroxyl bands are observed in the vapour phase and-i; dilure
solutron rn non polar solvcnf' Intermolecular hydrogen bonding increases as thc concentration ofsolution
increases and additional bands appears at lower frequencies 3200-3500 cm'r. Hence in the present
investigations (Table 3.0); phenolic O-H frequency is low ar xr = 0.5 aod decreases from xr : 0_1 - 0.5 and
aSain increases onwards for OCP + EMK.This frequency increases from xj = O.l - 0.9 for OCp + pN. IR
frequencies of phenolic O-H remains same in xt : 0.2 - 0.5 aDd indeases from xl : 0_6 - 0.9 for OCp +
M-IBK. For OCP systems the sharp band is due to free -OH, while weak band is due to hydrogen bonded _

oH. Two bands are observed in ocP + PN, ocP + MIBK in xr = 0.6 - 0.9 and one sharp bantl is recorded
for OCP + EMK over entire range ofcomposition.

Table 3. ,R stretching frequencies ofO-H (cm'I) in (xr) OCp and (l-xr) ketoncs systems.

OCP+ EMK OCP+ MIBK OCP+ PN
0

0.1 3402.2(s) 3352.3(w) 3360.1(w)

0.2
3394.5(s) 3296.7(s)

3292.6(s)
3360.1G)

0.3
3400.3(s) 3298.3(m)

3392.9G)
3392.9(s)
336s.9(s)

0.4 3396.4G) 3296.4(Broad & s)
3524.0(w\

3390.9G)
3369.7(m)

0.5 3390.6G) 3398.6(Broad & s)
3524.0(w)

3396.7G)

0.6
3a04.1(s) 3392.9(Broad & s)

3524.0(,t/)
3404.4(s)
3s24.0(w)

0.1 3425.3(s) 3521.8(Broad & s)
3524.0(m)

3416.0(s)
3524.0(m)

19
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The position and brddth of3n -OH absorption band depends on the conccntrahon of the solution' The

.o.. .onl"nirr,"a aotutioo and the more -OH iontaimng molecLrles form inrermolecular hydrogen bonds lt

i, .rrio io .tr"t"f' on O-H bond if it is hydrogen bonded, because the hydrogen is altached to oxygen of a

n",.n,bo,rnq rrolecule. Therefore, lhe suetch ofa concentraied (hydrogen bonded) solurion ofocP occurs at

;;;l r ";5 Howe\er no sucit Lilurron eflect is obsewed in other binary mixtr-rre But other all syslerns

itrow tryd,ogen bond eflect at higher concentratioD (xr -0 1 10 0'6) ofocP' Hydrogcn bonded o-H group

irr. t -ra"LIr.o.ptio, banCs (e.g. OCP + MIBK; Tablc 3) while that ofnon-hydrogen-bo ded O-H gloups

are shaper (e.g. OCP + EMKITable 3).

0.ti
3431.1(s) 3524.0(s)

3423.?(ml

3421.8(s)
3524.0(s)

09 3.146.6rs) 3524.0(s)
3458.4(w)

3448.8(m)
3524.0(s)

1.0
j,r56.2(s) 3456.2(s) 3456.2(s)

na frequen. o (cm r) for ocP +

U
I
E

tl
I
E

l1

V
i

It is seen lhat the O-H sttetclring frequeDcy increases Nhen mole fractron ofOCP decreases Higher

uulu". oi O-H slreiching frequency is observed ai hrgh mole fiaaion.and lower values of O_H strelchilg

i*-qr"""y iti*".a"d iib.t*..n il.z to o.s mole fraitions ofoCP This maybedue to hy!i"f::.0:'-tF
i.,ir.." ph*"f" O-H group and carbonyl group' The O-H strelchrng frequencl of OCP is 14<6'l cnt 

"
*fri"f, g.it al..** i,, p-".esence oiketone biauie of intermolecular hydrogen bonding between them Tie

dec.eaie in -OH stretching frequcncy is not same in all compositions ofoCP + ketone systems' The binarics

OCP + PN and OCP + MIBK show large decrease in the O-H stretching frcquency' but in other blnary

systemc OCP EMK. lhe decrease is small

U

I!I

*
6

II
U
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U
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Fig 4.1.1O lR ofC=O(cmr)foroDB+

--]-F 
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x1=O 2
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x 1=o'3

I

1600

x1=o 6

Spectrum ofsome OCP + ketones show two absorption bands -OH. The sharp band is due to free _OH

while wcak band is due to byCrogen bonded -OH. Presence ofhydrogen bonding betrveen -OH ofOCP with
oxygen of studied ketones and absence of hydrogen bonding in systems of ODB'keton$ is confirmed by
FIIR. In case ofODB + Ketones, carbonyl stretching frequency is not so affeated.

The interesting behavior of intramolecular hydrogen bonds both from the practical and theoretical

points ofview has received increased attention in recent yearslt'r. This can be attributed to the fact that the

value ofhydrogen bond energy is only a few kilocalories per mole and can readily Perturb by any change in
irs environment. This is especially important in studies of weekly bound complexcs ofketones and OCP-

21
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4.2 THEORETICAL STUDIES
All the theoretical calculations cn OCP/ODB and their mixtures with ketones were performed by the

use oi G03W series of programsr5. Geometries of optimizations for all the invesligated nolccules in this

work *,ere carri€d out usinS the DFT,4}3L\? method with medium size 6-3lG (d) basis set

The difference between the observed and scaled frequency values ofmost ofthe fundalnentals in many

cases is very small- Any discrepancy noted between the observed and calculated frequencies may be due to

the fact that the caiculations have been actually done on the single molecule/complex betweeo two
molecules in the gaseous state contmry to the experimental values recorded in the presence ofilltermolecular
interactions. Therefore ihe assignment made at higher levels oftheory with only reasonable deviations from

the experimental values seem to be coffec!,
4.2.1 Hydrogen bond (Table 4.2.1)

Maximum hydrogen bond distance is noted for Cis-OCP + PN and minimum distance (i.e. strongest

hydrogen bond among complexes) for Trans-OCP + MIBK. Weak inlernolecular hydrogen bonds are also

seen in Cis-OCP + EMK. Strcng intermolecular hydrogen bonds are also observed for Trans-OCP + EMK.
Table 4.2.1:Optimized atomic distances olsystems at B3LYP level using 6-31G (d) basis sct.

Sr.
No.

t.

2.

3.

4.

System

ODB

Trans-OCP+EMK

f,.err-OCI+PN

Ir4,s-OCP+MIBK

O-IJ C-CI

0.98524

0.98239

0.98466

1.81381

1.75649

1.7 5656

1.15684

r.22645

1.23165

1.22638

:c-o

1.35269

1.35365

1.35268

1.80637

1.80984

r.79973

5.69t7t

5.70860

5.',|t677

o-H cl--o:c

22
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a
5. I/aaj-OCP+CYN

6. C.r- OCP+EMK

?. CIJ-OCP+PN

8. CrJ-OCP+MIBK

9. C,S-OCP+CYN

IO, ODB+EMK

I1, ODB+PN

I2, ODB+MIBK

13, ODB+CYN

0.96954

0.98448

0.91402

0.98490

1.75164

t.7617 |

l.'16255

1..762t9

t.'744',71

1.7 5198
t.74429
).75157
L75159
1.74502
1.74854
1.74824

t.zzlss

t.22350

L22466

1.21824

1.22459

l21920

1.36207

t.35122

1.35693

1.35095

1.88485

4.20730

1.37845

3.34944

3.39307

1.36838

3.01I l4
5.46307
3.12476
5.52668
3.10924
5.5r 199

I

Hydrogen bond: O1g=o,rxmore) -- H(ouoroc4.
4.2.2 Atomic Chargcs (Tablc 4.2.2)

Atomic charges unlikc the electroh density are not a quantum mechanicel observable and are not
unambiguously pract;cable. Gaussian jobs perform a Mulliken population analysis, which partitions the total
charge among the atoms in the moleculdcomplex. Mulliken population analysis is an arbikrry scheme for
assigning changes. Both chlorine atom of free ODB shows positive charge. [n prcsent investigation (Table
4.2.5), for ODB + EMK, ODB + PN and ODB + MIBK system only one ofthe chlorine atom shows positive
charge and other shows negative charge. tn ODB + CYN both chlorine atom of ODB show positive value
but lower than that of free ODB.

In case ofketones, negativc charge is estimated on oxygen ofC=O. It is maximum negative charge
for AP and minimum for AC. For other complexes, ir is maximum negativc for Trans-OCP + PN.
maximum negative charge is noted on oxygen of -OH for complexes Cis-OCP + EMK and Cis-OCP +
IIIBK and minimum for Cis-OCP + PN. In all complex srstem, Trans-OCP + ClN shows lowest negative
charge on oxygen of -OH. Posilive charge on hydrogen atom of -OH decreases in Cis-OCP + PN. In all
complex s_r_stern, Trans-OCP + C\N shows lowest value positive charge on hydrogen atom of-OH.

Chlorine of OCP shows negative charge for all CiyTrans-OCP + Ketone systems in piesent
investigation (Table 4.2.5). It is observed that minimum for Cis-OCP + PN. In OCP + C1 l, chlorine atom
ofOCP shows lowest negative value. [n case ofketones, positive charge on carbon ofC=O, is maximum for
EMK.WIile for complexesi it is maximum for Trans-OCP + EMK and Trans-OCP + MIBK and minimum
for Trans-OCP + PN and C,S-OCP + PN.

Tablc 4.2.2:Optimized Mulliken atomic charges ofsystems at B3LYP levelusing 6-31G (d) basis set.

s

System
<c-o-H
(dcgree)

<CI-C=C
(degree)

<O-C=C <C-C=o
(degree) (dcgrce)

I ODB

2PN

3 MIBK

119.780
120.301"
121.496
t21.632'.

121.544
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4 CYN

5 Iranr-OCP+EMK

fraflr-OCP+PN

7 Ira,rs-OCP+MIBK

109.956

109.956

109.952

r08.91I

114.070

r09.838

119.i 19"
I 19.633 

b

1:9.348'
119.633 

b

119.316"
119.633b
r 19.540'
l19.923r',
r 19.331'
I 19.370 

b

t20.t 62'.
I l8.5l 7 

b

t2t.5'79',
120.125d

t22.859'
I r 8.846d

t22.846"
118.921'r
122.',l35'
I l8.49ld
125.055'
I l7.l5od
123.703'

7.909d

r25.08?'
t1'7.147'l

123.652',
r 18.003'r

il8.9l3
t22.819',

l r8.235
),21 443'

120.476
l2l.l0i'

120.r71
121.',73',7"

9.930
120.156"

9

l

a

frars-OcP+C\N

Cls-OCP+EMK

Crr-OCP+PN

l
I

l
2
i
3

I
4

Crr-OCP+MIBK

Crr-OCP+CIN

ODB}EMK

ODB+PN

ODB+MIBK

ODB+CYN

119.289'
I r9.189 b

l l8 587"
r 19.990r'
I21 .330 '
r21.809 b

t2l.138'
121 E49h

121.t39"
l2l .836 

b

121.499'
121 s03 r',

120.598
121.809"

120.903
12t.627'
119.937
t20.0-/ 5'

l2t I9l
121.863"

1t4.t20

109.5C8

Energy and dipole Dromrnt (Table {.2.3)
Negalive value of energy indicates the stabilily. For individual molecules, it follows: ODB > PN >

MIBK > C'YNO > CYN > EMK. The mosi stable complexes are ODB + ketones which are in ihe order:

ODB + PN > ODB + MIBK> ODB + C\}I > ODB + EMK. In Cis/Trans complex; Trans-OCP + PNis
found to be most stable.

Complexes having maximum dipole momenl follow:
Trans-OCP + NrlBK.
Tat)

Trans-OCP + PN > Trans-OCP + EMK >

le 4.2,3: ODtimized ene.qy and dipole moment ofsystems at B3LYPLevel using 6-3lG (d) basis set.

fir' u,,,,e otsrsten, Energy (a. u.)
Dipole Moment

(Debye)

I

2

3

4

4

5

5
,7

8

ODB

EMK

PN

MIBK

clan
Irans-OCP+EMK

Ird,rs-OCP+PN

Trdnr-OCP+MIBK

f1,ans_OCp+CYN

- 1 151.3-{33

-232.4618

-424.2079

-311.0961

-235.8804

-999.543 7

-119t.2828

-\078.1724

-t0'76.9074

3.502',7

2.8669

2.'7432

0.0002

5.7414

6.2946

5.4934

5.9452

A.'\@
t

(
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Mod.mI'.rdrrn Gr..6 ch.mkuy, M.dkrnrl ormkrry:nd envnonm..r.lsd.n..II
9 C,S-OCP+EMK

10 C,r OCP+PN

I I C,r- OCP+MIBK

12 C,.i-OCP+C Y r\^

I] ODB+EMK

14 ODB+PN

I5 ODB+MIBK

l5 oDB+C1'li

-999.5424

-t191.2734

-1078.t'709

-t002.9449

-1383.9061

-L515.6448

-1462.5344

- 1387.3164

3.6160

2.7',734

3.5196

0.9121

0.9261

0.8085

2.9289

(

(

.1.2.4 IIOMO and LUMO
The HOMO is the orbital that could act as an eleclron donor, since it is the outermost (highest

energy) orbital containing electrons. The LUMO is the orbital thai could aot as the electron acceptor, since it
is dr€ rnnermost (lowest energy) orbital that has room to accepi el€ctrons.Hardness is dependent on the
closeness of the frontier orbitals- When the HOMO and LTIMO are close together, the energy difference
betwecn the two is very low and the absolute hardness is low. In this case molecule/s can easily share
orbilrls to create covalent bonds/complexing. In other words, we can say srong intermolecular interactions.
When the frontier orbitals are far apart, theii difference in energy is large.T,?ically, the ionizatron energy in
dre LLMO is high in thjs siturtion. In such molecules/s,the absolule hardncss is high and they ar€ not
1\,illing to share covalent bonds i.e. weak intermolecular interactions.

Gcnerally, poladzable molecules form strong bonds with other polarizable molecules.whereas
unpolarizable molecules form strong bonds with other unpolarizable molecules.
4.2.4.1 HOMO:

I) Individual: for individual negative valu as follows: AP > AC > C1NO > ODB > CnJ.High
ncgative value is observed in the case of AP and low value is observed in the case ofCYN.

PN > MfBK > EMK > ODB > CYN.Low negative value is observed in the case cf C1'l\1-
U) Complexes: All complexes show lower negative value as compared to tbc corresponding

individual molecules of ketones.

4.2.4.2 LUMOI
I) Individual: for individual negative v6lue as followsiNegatile value is low observed in the case of

C\'II.PN > MIBK > EMK > ODB > CYN. High n€gative value is observed in the cas€ ofPN and low value
is observed in the case of C-r'N

II) Compleres: All ODB complexes are having nearly same LUMO energy rvith individuals.

Fig 4.2: Optimized geometries of molecule by DFT method atg3LYP

HOMO.EMK LUMO-EMK

lev€1.
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HOMO PN LUMO'PN

HOMO-ClS OCP+PN LUMO.CIS OCP+PN

HOMO-CrS OCP+MlB( LLIMO-ClS OCP+Ml8K

HoMO-Cls oCP+CYN LtIMO-ClS OCP+CYN

HOMO-TRANS OCP+PN LUMO-TRANS OCP+PN
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(
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Conclusions:
The compolrnd data providence for the existence of intenctions between ODB and

OCP with ketones studied by using IR Spectroscop)/ and theoretical Chemistry. Spectrum ofsome OCP +
Ketones sho*s to absorption bands for -OH. The Sharp band is due free -OH rvhile rveak band is due to H-
bondcd -OH. Presence of hydrogenbonding between -OH ofOCP with carbonyl oxl,gen ofstudied ketones
and abs€nce ofhydroSen bonding in systems ofODB+ketones is confirmed by FTIR.Gaussian also predicts
dipole moments and higher multipole moments. This term indicates the nature i.e. polar or nonpolar- The
dipole moment is the flrst derivative ofthe energJ with respect to an applied €lectric field. It is a measure of
the asymmetry in the molecular charge dist bution and is given a vector in three dimensions.Generally,
polarisable molecules form strong bonds with other polarisable molecules, rvhereas unpolarisable molecules
form stronS bonds with othcr unpolarisable molecules.
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