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ABSTRACT

It is well known fact that the amides coordinates through their carbonyl
oxygen. In order to prove this fact we have considered twelve amides and
calculated their eigen vectors using Cache software. With the help of eigen
vectors, the concentrations of electrons on carbonyl oxygen and nitrogen
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atoms of amides have been calculated. In each amide, we have found that
the sum of concentrations of electrons on carbonyl oxygen is greater than
that on oxygen atom indicating the coordination ability through carbonyl
oxygen. Again, asthe sum of concentration on carbonyl oxygen increases,
its reactivity increases. On this basis we have arranged the amidesin in-
creasing order of reactivity. Diethylbenzamideismost reactive and formamide

isleast reactive. © 2009 Trade Sciencelnc. - INDIA

INTRODUCTION

In the last decade, there has been a phenomenal
advancement intheoretica chemistry, muchfaster com-
putersareavailableand commercia programsincor-
porating thelatest methods have becomewidely avail-
ableandarecgpableof providingmoreinformation about
molecular orbitals, withasimpleinput of chemica for-
mula. Thefocusof attention hasbeen on computationa
chemistry™?, Thisislargely dueto the successful em-
ployment of gradient corrected density functiona theory
incalculating molecules; particularly of theheavier at-
omg*% andintheuseof smal-corere ativistic effective
core potentia™® which set the stagefor cal cul ation of
geometries, bond energies, and chemical reactionand
other important properties of transition metal com-
poundswith impressive accuracy!®°1, Application of
mol ecular mechanicsto organomettalic and transition
metal compoundsisgrowing™. Molecular orbital pa-

rameterssuch ase genvectors, overlgp matrix and eigen
vauesarewd | cal culated with thismethod. Inthischap-
ter we present the cal culations of eigenvector, overlap
matrix, and popul ation analysisof amides, in order to
study the magnitude of contribution of electron at car-
bonyl oxygen and amino nitrogen of amides. Such a
study will helpinfinding the site of coordination sitein
amides.

MATERIALAND METHOD

Thestudy materidsof thischepter areaset of amides
giveninTABLE 1. The3D modeing and geometry op-
timization of theamides have been doneby CAChe soft-
wareusng molecular mechanicswith EHT option. Eigen
values, eigenvectorsand overlap matrix values have
been obtained with the same software, using the same
option. Withthehelp of theseva ues, eigenvector anay-
s's, magnitude of contribution of atomic orbital inMO
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TABLE 1: Concentration of electronsat nitrogen and oxygen
informamide

Atomic Eigen Number of Contribution
MO P X orbital vector electrons N, = ncs

3 10 N-2px 0.2583

5 10 N-2px 0.4591

8 10 N-2px 0.3169
1.0343 2 2.13955298

4 11 N-2py 0.5350

7 11 N-2py 0.2327

8 11 N-2py 0.1610
0.9287 2 1.72496738

6 12 N-2pz 0.2424

9 12 N-2pz 0.8580
1.1004 2 2.42176032

5 6 O-2px 0.5007

8 6 O-2px 0.8291
1.3298 2 3.53673608

3 7 O-2py 0.2966

7 7 O-2py 0.8044

4 7 O-2py 0.1773
1.2783 2 3.26810178

6 8 0O-2pz 0.7922

9 8 0O-2pz 0.4534
1.2456 2 3.10303872

Summation of contribution/concentration of electronsin
formamide

Sum of eigen Sum of eigen

Orbital Orbital

vectors vectors
N-2px 2.13955298  O-2px  3.53673608
N-2py 1.72496738  O-2py  3.26810178
N-2pz 242176032  0-2pz  3.10303872
Summation  6.28628068 9.90787658

formati on and population analys shave been madeand
discussed. The method adopted for various calcula-
tionsisbased on thefollowing principles.

A widely used method to analyze SCF wavefunc-
tionl**>18 is population analysis, introduced by
Mullikeni*29, He proposed amethod that apportions
thedectronsof an n-electron mol eculeinto net popula-
tionsn inthebasisfunctionsy, and overlap popula-
tionsn _foral possiblepairsof basisfunctions.

For theset of basisfunctionsy, %, ..... X, €2ch
molecular orbital ¢, hastheform, =2 c.y.=cx,+
C,X,+-... +C.x,. For smplicity, weshal assumethat
thec,’sand y_'sarereal. The probability density asso-
ciatedwith oneelectronin ¢, is(sand b arethe number
of theatomic orbita other thanr.)
| ¢i | 2= Clizx'l2 + C2izx'22 ot 2CliCZixle + chiCSixlx3 + chi
CaloXs -

Integrating this equation over three-dimensiona
spaceand usingthefact that ¢, and they ’'sarenormal-
ized, we get
l1=c?+c,’+....+2c,C,S +2C,C,S,+2C.C,S,*...... (A)
Where the S’s are overlap integrals: S, = | x,X, dv,dv,, etc.
Mulliken proposed that the terms in (A) be apportioned as
follows. One electron in the molecular orbital ¢, contributes
c,? to the net populationin y,, c,? to the net populationin y,
etc., and contributes 2c c,S , to the overlap population be-
tween y, and ,, 2c,C, S, to the overlap population between
X, and y, etc.

Letthereben eectronsintheMO ¢, (n, =0, 1, 2)
and letn  and n_; electronsin the MO ¢, to the net
populationiny, andtotheoverlap population between
x, and y,, respectively. We have
n, =nc.,
nr’_syi =n(2c,c;S)

Based on the above principle, the contribution of

electronsin each occupied MO has been calculated
with the hel p of eigenvector valuesfor thefollowing
amides.
1. Formamide; 2. Methylformamide; 3. Dimethyl
formamide; 4. Acetamide; 5. Methylacetamide; 6.
Dimethylacetamide; 7. Benzamide; 8. Methyl
benzamide; 9. Dimethylbenzamide; 10. Ethylbenzamide;
11. Diethylbenzamide; 12. Benzylbenzamide

The above study provide informations about the
involvement of each atomic orbital intheformation of
molecular orbital, hencedetail knowledge of coordi-
nating ability of amides. Information that has been ob-
tained, enablesusto eva uate the comparative coordi-
nating ability of aseriesof amides.

RESULT AND DISCUSSION

In order to eva uate the contribution/concentration
of eectronsat carbonyl oxygen and amino nitrogen of
amidesthefollowing equation-1 hasbeen solved for dl
thetwelveamides
nri = ni Czri
and N .= n(2c,c,S.)

Thenumber of valenced ectronsof each amidehas
been eval uated by adding the valence el ectrons of the
constituent atoms. The numbersof e ectronshavebeen
considered astwo for each occupied molecular orbit-

ds. Thedatarelatingto c. havebeentakenfromeigen
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vector values obtained by Cache software.

—= Py/] Peper
Thenumber of vaencedectronsinformamideis

Compound (1): Formamide 18asgivenbelow: -

1C = 4

10 = 6

N = 5

H—C—NH, 3H = 3

18

1 2 3 4 5 6 7 8
1 1C 2S5 03155 01738 -04324 -00513 -0.0084 00000 00048 -0.0136
2 1C 2Px  -00048 00545 01276 -0.1729 -0.3485 -0.0000 -0.0264 0.2295
3 1C 2Py 00653 -0.1220 01930 -0.0324 00352 00000 -0.2635 0.0233
4 1C 2Pz 00000 -0.0000 00000 00000 00000 -0.3759 -0.0000 0.0000
5 20 2S 07830 -0.3069 02566 00805 -0.0358 -0.0000 0.1214  0.0088
6 20 2Px 00004 00030 0038 -0.1913 -05007 -0.0000 -0.0815 -0.8291
7 20 2Py 00251 -0.0412 02966 01773 -0.0792 -0.0000 0.8044 -0.0627
8 20 2Pz 00000 -0.0000 -0.0000 00000 00000 -0.7922 -0.0000  0.0000
9 3N 2S 01444 06993 01833 00106 -0.0204 00000 00231  0.0846
10 3N 2Px 00011 00021 02583 -0.1445 04591 00000 -0.1019 -0.3169
1 3N 2Py 00032 -0.0003 -0.1156 -05350 00188 -0.0000 02327  0.1617
12 3N 2Pz 00000 -0.0000 00000 00000 00000 -0.2434 0.0000  0.0000
13 4H 1S -00035 00132 -0.3312 01003 02313 -0.0000 02067 -0.3511
14 5H 1S 00001 01302 01951 -02634 03056 -0.0000 00552 -0.1002
15 6H 1S 00004 01309 0532 03982 -0.0491 0.0000 -0.1671 -0.0404
9 10 1 1 13 14 15

1 1C 25 0.0000 00000 00173  -0.1603 05068 02338  -1.3407
2 1C 2Px 00000 -00000 -04305 -0.7349 -0.7470 05209  -0.1866
3 1C 2Py 00000 00000 -01512 02524  -0.6414 -1.0372  -0.5905
4 1C 2Pz 01959 -09573 00000 00000 -0.0000 00000  0.0000
5 20 25 00000 -00000 00955  -0.0896 01623 04833  0.8609
6 20 2Px 00000 -00000 01119 01663 01700 -0.1127  0.0493
7 20 2Py -00000 -0.0000 -0.0906 00659 -0.0820 -0.3642  -0.7036
8 20 2Pz -04534 04683  -0.0000 -0.0000 -0.0000 00000  0.0000
9 3N 25 00000 -00000 -00195 -0.2610 03692  -1.0982  0.5610
10 3N oPx  -00000 -0.0000 -0.6982 -05571 04805 03471  -0.1958
11 3N 2Py -00000 -0.0000 -0.6353 08211 02093 -0.0517  0.3280
12 3N 2Pz 0.8580 04976  -00000 -0.0000 00000 00000  -0.0000
13 4H 1S 00000 -00000 -04267 -0.3011 -1.0327 -0.1748  0.3885
14 5H 1S 00000 00000 09161 03370 -0.5874 03939  -0.1779
15 6H 1S 0.0000  -0.0000 -0.6254 09111  -0.1177 04937  -0.0864

18 Electrons are accommodated in first nine mo-
lecular orbitas. Sinceour interestisconfined to thestudy
of those molecular orbitalsinwhich oxygen and nitro-
genorbitasareinvolved, molecular orbital 3-9areof
our interest. Thecontributionsof eectronsin 2px, 2py,
2pz orbitals of nitrogen and oxygen are presentedin
TABLE 1, under n, i=nc?®.. Eigen vectors different
molecular orbitalsof formamideare shown above-

A referenceto TABLE 1 constructed using above
eigen vectorsindicatesthat tota contribution of N-2px
electronsis 2.13, of N-2py and N-2pz are 1.72 and
2.42 respectively. The sum of contribution of N-2px,
2py, 2pz electronis6.28. Thecontribution of € ectrons
in corresponding oxygen atomis3.53in O-2px; 3.26

in O-2py and 3.10 in O-2pz. The sum of electronis
9.90. In such away to concentration of electrons at
carbonyl oxygenismuch more(9.90) ascompared to
concentration at nitrogen (6.28). The higher concen-
tration at oxygen isthe possiblereason of HCONH, to
coordinatethrough itscarbonyl oxygen.

In other compounds, we have shown only summa-
tion of concentration of € ectronsinstead of showing
elgen vectorsof each molecular orbitals.

Compound (2): Methyl formamide

H—C—NHCH;
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The number of valence electrons in methyl
formamideis24 asgiven below: -

2C = 8
10 = 6
IN = 5
5H = 5
24

24 Electronsare accommodated infirst twel vemo-
lecular orbitas. Sinceour interestisconfined to thestudy
of those molecular orbitalsinwhich oxygen and nitro-
genorbitasareinvolved, molecular orbital 1and 2 have
no involvement of oxygen and nitrogen henceleft over.
Molecular orbital 3-12 are of our interest. The contri-
butions of e ectronsin 2px, 2py, 2pz orbital s of nitro-
gen and oxygen arepresented in TABLE 2. Thenum-
ber of electronsin each orbita istwo. The coefficient
of elgen vector are given under eigen vector. Themo-
lecular orbitalsinwhich 2px, 2py, 2pz orbita sof nitro-
gen and oxygen areinvolved are shown under M.O.
(9).

A referenceto TABLE 2 indicatesthat total contri-
bution of N-2px el ectronsis 3.609, of N-2py and N-
2pz are4.09 and 2.72 respectively. The sum of contri-
bution of N-2px, 2py, 2pz electronis10.42. The con-
tribution of electronsin corresponding oxygenatomis
7.54in O-2px; 6.84in O-2py and 4.47in O-2pz. The
sum of electronis 18.87. In such away to concentra-
tion of electrons at carbonyl oxygen is much more
(18.87) as compared to concentration at nitrogen
(10.42). Thehigher concentration at oxygen isthe pos-
siblereason of HCONHCH, to coordinatethrough its
carbonyl oxygen.

Compound (3): N, N-dimethylformamide
0

Thenumber of valencedectronsin N, N-dimethyl
formamideis30asgiven below: -

3C = 12
10 = 6
IN = 5
7H = 7
30

30 Electrons are accommodated in first nine mo-
lecular orbitas. Sinceour interestisconfined to thestudy

@Wu'c CHEMISTRY —

TABLE 2: Summation of contribution/concentration of
eectronsin methylformamide

Orbital ~ Sumofeigen .. Sumof egen
vectors Vectors

NZ2px 360044712 O2px  7.54972082
N-2py 400208832 O2py  6.8487005

N-2pz 272084448  O-2pz 447244232

Summation  10.42437992 18.87086364

TABLE 3: Summation of contribution/concentration of
eectronsin dimethylformamide

Orbital ~ Sumofegen o .0 Sumof eigen
Vectors vectors

N-2ox 589892552  O-2px  7.63076178

N-2oy 517904928 O-2py  7.45829442

N-20z 275796008  O-2pz  2.22942728

Summation  13.83593578 17.31848348

of those molecular orbitalsin which oxygen and nitro-
genorbitalsareinvolved, molecular orbital 3- 15are
of our interest. The contributions of electronsin 2px,
2py, 2pz orbitals of nitrogen and oxygen are presented
inTABLES3.

Areferenceto TABLE 3indicatesthat total contri-
bution of N-2px electronsis 3.6, of N-2py and N-2pz
are4.09 and 2.72 respectively. The sum of contribu-
tion of N-2px, 2py, 2pz eectronis10.42. The contri-
bution of electronsin corresponding oxygenatomis
7.5in O-2px; 6.8in O-2py and 4.47 in O-2pz. The
sum of electronis48.87. In such away to concentra-
tion of electrons at carbonyl oxygen is much more
(18.87) as compared to concentration at nitrogen
(10.42). Thehigher concentration at oxygenisthe pos-
siblereason of HCON(CH,), to coordinatethroughits
carbonyl oxygen.

Compound (4): Acetamide

1
CH;—C—NH,

Thenumber of vaence e ectronsin acetamideis24
asgivenbelow: -

2C
10
IN
5H

Niooo o

24 Electrons are accommodated in first nine mo-
lecular orbita's. Sinceour interestisconfined to thestudy
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of those molecular orbitalsinwhich oxygen and nitro-
genorbitasareinvolved, molecular orbital 3-12 are of
our interest. Thecontributionsof eectronsin 2px, 2py,
2pz orbitals of nitrogen and oxygen are presentedin
TABLEA4.

Areferenceto TABLE 4 indicatesthat total contri-
bution of N-2px electronsis 3.01, of N-2py and N-
2pz are2.78 and 2.81 respectively. Thesum of contri-
bution of N-2px, 2py, 2pz electronis8.62. The contri-
bution of electronsin corresponding oxygen atomis
8.1in O-2px; 5.16in O-2py and 4.86in O-2pz. The
sum of electronis 18.23. In such away to concentra-
tion of electrons at carbonyl oxygen is much more
(18.23) as compared to concentration at nitrogen
(8.62). Thehigher concentration at oxygen isthe pos-
siblereason of CH,CONH, to coordinate through its
carbonyl oxygen.

Compound (5): N-methylacetamide
CH 3—IC|:—NHCH3

The number of valence electrons in methyl
formamideis30asgiven below: -

3C = 12
10 = 6
IN = 5
7H = 7
30

30 Electrons are accommodated in first N-
methylacetamide molecular orbitals. Sinceour interest
isconfined to the study of thosemolecular orbitalsin
which oxygen and nitrogen orbitalsareinvolved, mo-
lecular orbital 3-15 are of our interest. The contribu-
tionsof eectronsin 2px, 2py, 2pz orbitalsof nitrogen
and oxygen arepresented in TABLE5.

Areferenceto TABLE 5indicatesthat total contri-
bution of N-2px electronsis 5.04, of N-2py and N-
2pz are 3.97 and 3.37 respectively. Thesum of contri-
bution of N-2px, 2py, 2pz electronis12.39. The con-
tribution of eectronsin corresponding oxygenatomis
8.44in O-2px; 7.64inO-2py and 3.61in O-2pz. The
sum of electronis19.70. In such away to concentra-
tion of electrons at carbonyl oxygen is much more
(19.70) as compared to concentration at nitrogen
(12.39). Thehigher concentration at oxygenisthe pos-
siblereason of CH,CONHCH, to coordinatethrough

—= Pyl Peper

TABLE 4: Summation of contribution/concentration of
electronsin acetamide

Orbital ~ umofegen ., Sumof eigen
vectors VEectors

N-2px 301793312  O-2px _ 8.19882018

N-2py 278574408 O-2py 516746952

N-2pz 281841282 O-2pz  A86782402

Summation 862209002 18.23411372

TABLE 5: Summation of contribution/concentration of
electronsin methylacetamide

Orbital ~ UMOf&geN o uia  Sum of eigen
vectors Vectors

N-2px 504857088  O-2px  B8.44687202
N-2py 39762 O2py  7.64002232
N-2pz 337168512 O-2pz 3612672

Summation  12.39645600 19.70046634

TABLE 6: Summation of contribution/concentration of
eectronsin dimethylacetamide

Orbital ~ Sumofeigen ..o Sumof egen
Vectors vectors
N-2ox 533076552  O-2px 1093061768
N-2py 433062450 O-2py  9.88701512
N-20z 341754368 O-2pz  7.66361250
Summation  13.078934 28.4812453

itscarbonyl oxygen.
Compound (6): N, N-dimethylacetamide

O
I

CH3;—C—NH(CH3),

The number of valence electrons in N, N-
dimethylacetamideis 36 asgiven below:

4C
10
IN
9H

16
6
5
9

36

36 Electrons are accommodated in first eighteen
molecular orbitals. Since our interestisconfined tothe
study of those molecular orbital sinwhich oxygen and
nitrogen orbitalsareinvolved, molecular orbital 3-18
areof our interest. The contributionsof eectronsin 2px,
2py, 2pz orbitals of nitrogen and oxygen are presented
inTABLES®.

Areferenceto TABLE 6 indicatesthat total contri-
bution of N-2px electronsis 5.33, of N-2py and N-
2pz are4.33 and 3.41 respectively. Thesum of contri-
bution of N-2px, 2py, 2pz electronis13.07. Thecon-
tribution of eectronsin corresponding oxygenatomis
10.93 in O-2px; 9.88 in O-2py and 7.66 in O-2pz.

ey, Onganic CHEMISTRY
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Thesum of electronis28.48. In such away to concen-
tration of electronsat carbonyl oxygenismuch more
(28.48) as compared to concentration at nitrogen
(13.07). Thehigher concentration at oxygenisthe pos-
siblereason of CH,CON(CH,), to coordinatethrough
itscarbonyl oxygen.

Compound (7): Benzamide

1
CBHS_C_NHZ

The number of valence electrons in methyl
formamideis46 asgiven below: -

7C
10
IN
7H

28
6
5
7

46

46 Electrons are accommodated in first twenty-
threemol ecular orbitals. Since our interest isconfined
to thestudy of thosemolecular orbitalsinwhich oxygen
and nitrogen orbita sareinvolved, molecular orbitd 3-
23 areof our interest. The contributionsof eectronsin
2px, 2py, 2pz orbitalsof nitrogen and oxygen are pre-
sentedinTABLE7.

Areferenceto TABLE 7 indicatesthat total contri-
bution of N-2px electronsis 6.11, of N-2py and N-
2pz are6.24 and 4.88 respectively. Thesum of contri-
bution of N-2px, 2py, 2pz electronis17.23. Thecon-
tribution of electronsin corresponding oxygenaomis
11.34in O-2px; 13.33in O-2py and 6.77 in O-2pz.
Thesum of eectronis31.45. In such away to concen-
tration of electronsat carbonyl oxygenismuch more
(31.45) as compared to concentration at nitrogen
(17.23). Thehigher concentration at oxygenisthepos-
siblereason of C.H.HCONH, to coordinate through
itscarbonyl oxygen.

Compound (8): N-methylbenzamide

1
CeHs—C—NHCH;

The number of valence electrons in methyl
formamideis52 asgiven below: -

8C
10
IN
9H

32
6
5
9

52

TABLE 7: Summation of contribution/concentration of
electronsin benzamide

Orbital ~ UMOFEgen o uiq Sum of eigen
Vectors Vectors
N-2px 61117072 O-2px  11.34499
N-2py 62450017  O-2py  13.332415
N-2pz 48821875  O-2pz  6.778562
Summation  17.23988640 31.45506700

TABLE 8: Summation of contribution/concentration of
electronsin methylbenzamide

Orbital ~ Umofegen o uq Sumof egen
vectors vectors

N-2px 6069128  O-2px  17.6596245

N-2py 903295008 O-2py  16.52780018

N-2pz 618042482 O-2pz  12.28394178

Summation 2128250290 46.47136646

52 Electronsareaccommodated infirst twenty-six
molecular orbitals. Sinceour interestisconfined tothe
study of those molecular orbital sinwhich oxygenand
nitrogen orbitalsareinvolved, molecular orbita 3- 26
areof our interest. The contributionsof dectronsin 2px,
2py, 2pz orbitals of nitrogen and oxygen are presented
inTABLES.

Areferenceto TABLE 8indicatesthat total contri-
bution of N-2px electronsis 6.06, of N-2py and N-
2pz are9.03 and 6.18 respectively. Thesum of contri-
bution of N-2px, 2py, 2pz electronis21.28. The con-
tribution of eectronsin corresponding oxygenatomis
17.651n O-2px; 16.52in0O-2py and 12.28 in O-2pz.
Thesum of eectronis46.47. In such away to concen-
tration of electronsat carbonyl oxygenismuch more
(46.47) as compared to concentration at nitrogen
(21.28). Thehigher concentration at oxygenisthe pos-
sible reason of CH.HCONHCH, to coordinate
throughitscarbonyl oxygen.

Compound (9): N,N-demethylbenzamide

O
Il
CgH5~C—NH(CH3),

The Number of valence electrons in methyl
formamideis58asgiven below: -

9C = 36
10 = 6
IN = 5
11H = 11
58

58 Electronsareaccommodated in first twenty-nine
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molecular orbitals. Sinceour interestisconfined to the
study of those molecular orbitalsinwhich oxygenand
nitrogen orbitalsareinvolved, molecular orbita 3- 29
areof our interest. The contributionsof eectronsin 2px,
2py, 2pz orbital s of nitrogen and oxygen are presented
inTABLEDO.

Areferenceto TABLE 9indicatesthat total contri-
bution of N-2px electronsis 9.49, of N-2py and N-
2pz are 10.38 and 6.96 respectively. The sum of con-
tribution of N-2px, 2py, 2pz electron is 26.84. The
contribution of eectronsin corresponding oxygen aom
is12.03 in O-2px; 20.50 inO-2py and 14.57 in O-
2pz. The sum of electronis47.11. In such away to
concentration of eectronsat carbonyl oxygenismuch
more (47.11) ascompared to concentration at nitrogen
(26.84). Thehigher concentration at oxygenisthepos-
siblereason of C;H.CON(CH,), to coordinatethrough
itscarbonyl oxygen.

Compound (10) : N-ethylbenzamide

1
CeHs—C—NHC,Hs

The number of valence electrons in methyl
formamideis58 asgiven below: -

9C = 36
10 = 6
IN = 5
11H = 11
58

58 Electronsareaccommodated infirst twenty-nine
molecular orbitals. Sinceour interest isconfined to the
study of those molecular orbitalsinwhich oxygenand
nitrogen orbitalsareinvolved, molecular orbita 3- 29
areof our interest. The contributionsof eectronsin 2px,
2py, 2pz orbital s of nitrogen and oxygen are presented
inTABLE 10.

A referenceto TABLE 10indicatesthat total con-
tribution of N-2px electronsis 9.48, of N-2py and N-
2pz are10.38 and 6.97 respectively. The sum of con-
tribution of N-2px, 2py, 2pz electron is 26.84. The
contribution of eectronsin corresponding oxygen aom
i1$12.04 in O-2px; 14.16 inO-2py and 14.58 in O-
2pz. The sum of electronis40.78. In such away to
concentration of eectronsat carbonyl oxygenismuch
more (40.78) as compared to concentration at nitro-

—= Pyl Peper

TABLE 9: Summation of contribution/concentration of
eectronsin dimethylbenzamide

Orbital ~ Sumofegen o .o Sumof eigen
vectors vectors

N-2ox 949085312  O-2px  12.0393245

N-2py 1038403592 O-2py 2050048512

N-20z 696988448  O-2pz  14.5746005

Summation  26.84477352 4711441012

TABLE 10: Summation of contribution/concentration of
electronsin ethylbenzamide

Orbital ~ Sumofegen o .. Sumof eigen
vectors vectors

N-2ox 948388352  O-2px 1204030592

N-2py 1038859362 O-2py  14.16503538

N-2pz 697212482 O-2pz 1458108002

Summation  26.84460196 40.78642132

TABLE 11: Summation of contribution/concentration of
eectronsin diethylbenzamide

Orbital ~ Sumofeigen oo Sumof eigen
Vectors Vectors

N-2px 930788658  O-2px  13.56788232

N-2py 995203728 O-2py  26.83074258

N-2pz  7.49928992 O-2pz  14.53791042

Summation 2676011378 54.93653532

gen (26.84). The higher concentration at oxygenisthe
possible reason of CH.CONHC H;, to coordinate
throughitscarbonyl oxygen.

Compound (11) : N, N-diethylbenzamide
i
CeHs~C—N(CzH5),

The number of valence electrons in methyl
formamideis70asgiven below: -

11C = 44
10 = 6
IN = 5

15H = 15

70

70 Electronsareaccommodated infirst thirty-five
molecular orbitals. Since our interestisconfined tothe
study of those molecular orbital sinwhich oxygen and
nitrogen orbitalsareinvolved, molecular orbita 3- 35
areof our interest. The contributionsof eectronsin 2px,
2py, 2pz orbitals of nitrogen and oxygen are presented
inTABLE 11.

A referenceto TABLE 11 indicatesthat total con-
tribution of N-2px eectronsis9.30, of N-2py and N-
2pz are9.95 and 7.49 respectively. Thesum of contri-
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bution of N-2px, 2py, 2pz electronis26.60. The con-
tribution of electronsin corresponding oxygenaomis
13.56 in O-2px; 26.83in0O-2py and 14.53 in O-2pz.
Thesum of eectronis54.93. In such away to concen-
tration of electronsat carbonyl oxygenismuch more
(54.93) as compared to concentration at nitrogen
(26.60). Thehigher concentration at oxygenisthepos-
sible reason of CH.CON(C,H,), to coordinate
throughitscarbonyl oxygen.

Compound (12): N-phenylbenzamide
i
CgHs—C—NHCgH5

The number of valence electrons in methyl
formamideis74 asgiven below: -

TABLE 14: Sum of concentration on oxygen atom of amides
in decreasing order

Sum of concentration on oxygen

Compound
atom
Diethylbenzamide 54.9365
Dimethylbenzamide 47.1144
M ethylbenzamide 46.4714
Benzylbenzamide 44.1613
Ethylbenzamide 40.7864
Benzamide 31.456
Dimethylacetamide 28.4812
M ethylacetamide 19.7005
Methylformamide 18.8709
Acetamide 18.2341
Dimethylformamide 17.3185
Formamide 9.90788

13C = 52
10 = 6
IN = 5

11H = 11

74

TABLE 12: Summation of contribution/concentration of
electronsin enzylbenzamide

Orbital ~ UMOFEgeN o 1uiq  Sum of eigen
Vectors Vectors

N-2px 8144648  O-2px  18.072072

N-2py 8495442  O-2py  15.49008488

N-2pz 58447805  O-2pz 1059012242

Summation  22.48487050 4416127930

TABLE 7: Summation of contribution/concentr ation of elec-
tronsin benzamide

Sum of Sum of
Compound concentration on concentration on

nitrogen atom oxygen atom
Formamide 6.28628068 9.90787658
Methylformamide 10.42437992 18.87086364
Dimethylformamide 13.83593578 17.31848348
Acetamide 8.62209002 18.23411372
Methylacetamide 12.39645600 19.70046634
Dimethylacetamide 13.078934 28.4812453
Benzamide 17.23988640 31.45596700
Methylbenzamide 21.28250290 46.47136646
Dimethylbenzamide 26.84477352 47.11441012
Ethylbenzamide 26.84460196 40.78642132
Diethylbenzamide 26.76011378 54.93653532
Benzylbenzamide 22.48487050 44.16127930

74 Electronsareaccommodated infirg thirty-seven
molecular orbitals. Sinceour interest isconfined to the
study of those molecular orbitalsinwhich oxygenand
nitrogen orbitalsareinvolved, molecular orbita 3 - 37

areof our interest. The contributionsof dectronsin 2px,
2py, 2pz orbitals of nitrogen and oxygen are presented
inTABLE 12.

Areferenceto TABLE 12 indicatesthat total con-
tribution of N-2px electronsis8.14, of N-2py and N-
2pz are8.49 and 5.84 respectively. Thesum of contri-
bution of N-2px, 2py, 2pz el ectronis22.48. The con-
tribution of eectronsin corresponding oxygenatomis
18.07in O-2px; 15.49in O-2py and 10.59in O-2pz.
Thesum of eectronis44.16. In such away to concen-
tration of electronsat carbonyl oxygenis much more
(44.16) as compared to concentration at nitrogen
(22.48). Thehigher concentration at oxygenisthe pos-
siblereason of C.H.COH(C_H,) to coordinatethrough
itscarbonyl oxygen.

CONCLUSIONS

Wehave obtained the sum of concentration of e ec-
trons(n,) onnitrogen and oxygen atomsof amides. As
thesum concentration of €lectronson an atomincreasss,
itscoordinating ability increases. Sum of concentration
of eectronson nitrogen and oxygen atomsof amidesis
showninthe TABLE 13. Inall theamides, the sum of
concentration on oxygen of carbonyl group isgreater
thanthat on nitrogen atom. Thisindicatesthat theamides
coordinatethroughtheir carbonyl oxygeninstead of their
nitrogen atom.

Inorder to find out the order of coordinating ability
of amides, wehavearranged al theamidesin decreas-
ing order of the sum of concentration of electronson
oxygenaomand giveninthe TABLE 14. Itisclear that
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thehighest coordinating ability isinthediethylbenzamide
andlowest coordinating ability isintheformamide. The
order of coordinating ability in decreasingorder isgiven
below-

Diethylbenzamide>Dimethylbenzamide>M ethyl
benzamide > Benzylbenzamide > Ethylbenzamide>
Benzamide> Dimethylacetamide> Methylacetamide>
Methylformamide> Acetamide> Dimethylformamide
> Formamide

—= Pyl Peper
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