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Valence force constants of carbonyl bonds in naphthaldehydic compounds were estimated by 
means of a point-charge model using a CNDO calculation. Experimental frequencies, in a solu-
tion of carbon tetrachloride, were analyzed in terms of the substituent effect. Vibrational assign-
ments of bands which are sensitive to the substituents are proposed. 

Introduction 

T h e relative stabilities of various conformat ions 
of subst i tuted naphthalenes and a romat i c aldehydes 
have been deduced f rom several semiempir ical and 
exper imenta l methods [1-5] . However , to our 
knowledge, normal coordinate analysis, or the char-
acterizat ion of the vibrational potential function of 
these large molecules, have not been published up 
to now. 

In order to analyze the substituent effect on the 
carbonyl bond in naphthaldehydic compounds , we 
have used a point-charge model developed by 
Kosmus [6]. The valence force constants of the 
carbonyl bond are studied by means of the substi-
tuent effect across the aromatic system. 

T h e Kosmus formula t ion , a s imple method to dis-
cuss bond propert ies at the equi l ibr ium position, 
allows us to est imate the electronic contr ibut ions to 
the force constants. These valence force constants 
calculated f rom computat ional C N D O / 2 data have 
been shown to be appropr ia te to describe various 
molecular systems [7], 

T h e valence force constants, / ( O C ) , of a bond 
O - C according to Kosmus's work (6) is given by 
the equat ion 

( Z 0 - 2 ) (2 Z 0 — Qo) 
/ ( O C ) = 1 ° " ° (8 B (OC) - qc), 

Zn a 
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where Z 0 is the charge on O used in the C N D O / 2 
calculation, Q0 is the gross charge on O, qc is the 
net charge on the a romat i c carbon a tom, R is the 
C - 0 bonding length and B (OC) is the bond index 
calculated f rom the Wiberg bond index ( I F ( O C ) ) . 
The bond index B (OC) for single bonds is equal to 
W (OC), whereas for doub le bonds (i.e., for car-
bonyl bond) is given by: 

B(OC)= W (OC) + (1/2) { ^ ( O C ) } 1/2 

Whereas a lot of da ta exits for the simplest alde-
hydic systems, only few works have been reported 
for naph tha ldehyd ic compounds . In this paper , we 
report vibrat ional force constants for these com-
pounds calculated by means of the C N D O / 2 quan-
tum chemical me thod . An assignment of a vibra-
tional f requency mode , sensitive to the substi tuent 
effect, is also proposed. 

Experimental 

1-Naphthaldehyde (1-NA); 4-methoxy, l -naphthal -
dehyde (4,1-MNA); 2 -me thoxy , l -naph tha ldehyde 
(2,1-MNA); 2 -naph tha ldehyde (2-NA) and 3-meth-
oxy,2-naphtha ldehyde (3,2-MNA) were obtained 
f rom Aldrich Chem. Co. 2 -Hydroxy , l -naphtha l -
dehyde (2,1-HNA); 3-hydroxy,2-naphtha ldehyde 
(3,2-HNA) and 1-hydroxy,2-naphtha ldehyde (1,2-
HNA) were synthetized by Professor A. Alvarado at 
Academia Super ior de Ciencias Pedagögicas de 
Santiago de Chile. 

All c o m p o u n d s were pur i f ied by distallation of 
fractional sub l imat ion be fo re their use. 
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Infrared spectra were registered in a Perkin Elmer 
621 spectrophotometer , using cells with sod ium 
chloride windows and a path length of about 
0.015 m m for the pure liquids. Samples of the 
naphtha ldehydes in a solution of carbon tetra-
chloride (path length 0.5 m m ) were p repared at 
room tempera ture , and the KBr disk technique was 
used with the solid samples. Ca rbon te t rachlor ide 
was Merck, Uvasol, spectroscopic grade. 

Computational Method 

A C N D O / 2 computa t ional p r o g r a m m e [8] was 
employed and s tandard geometr ies were obta ined 
f rom the l i terature [1,2, 8]. Angle and bond length 
opt imizat ions for C = 0 and subst i tuent groups were 
carried out [9]. 

An intramolecular hydrogen bond was assumed to 
exist in the hydroxynaph tha ldehyde compounds , 
and all molecular structures were considered to be 
planar . 

Results and Discussion 

Table 1 shows both the calculated gross and net 
charge on the O and C, and the Wiberg bond 
indices in these carbonyl compounds . The calculat-
ed Kosmus force constants / ( O C ) and exper imental 
values / ' (OC) can be compared in Table 2. In the 
latter the carbonyl bond is considered as a pseudo-
dia tomic system ( / ' (OC) = 4.040 • 10~6 v2 ( m d y n / 
A)). Obviously, this rough calculation has been con-
sidered as a simple approach, assuming a negligible 
coupling between the vibrations of the C = 0 group 
and the other vibrat ions of the molecule. There fo re 
these values of force constants should be considered 
as upper values which arise f rom normal coordinate 
analysis, due to the electronic conjugat ion between 
the double bond and the subst i tuted a romat ic ring. 
A good agreement can be found between these two 
sets of force constants, w h e r e / ( O C ) is about 10% 
lower t h a n / ' (OC). 

A relat ionship between the square root o f / ( O C ) . 
for these carbonyl compounds, and the C = 0 stretch-
ing frequency would permit us to obta in in forma-
tion about the effect of the subst i tuent on the n-
nature of the carbonyl bond. F igure 1 shows a good 
linear correlation between these exper imenta l fre-

Table 1. Length, charge and Wiberg indices of the car-
bonyl bond in the naphthaldehydic compounds. 

Compound R( A) Qo Qc I^ (OC) ^ ( O C ) 

1-NA 1.265 6.254 0.220 1.030 0.840 
4.1-MNA 1.265 6.268 0.226 1.031 0.826 
2.1-MNA 1.265 6.270 0.233 1.031 0.823 
2.1-HNA 1.275 6.299 0.253 1.026 0.775 

2-NA 1.265 6.246 0.216 1.030 0.855 
3,2-MNA 1.265 6.255 0.232 1.039 0.846 
3,2-HNA 1.270 6.272 0.248 1.027 0.811 
1,2-HNA 1.270 6.297 0.258 1.028 0.782 

Table 2. Frequencies, valence force constants ( / ) and 
approximate diatomic force constants ( / ' ) of the carbonyl 
bonds in naphthaldehydic compounds. 

Compound vfcm ') / ( O C ) / ' (OC) 

1-NA 1699 10.48 11.66 
4.1-MNA 1690 10.39 11.54 
2.1-MNA 1681 10.37 11.42 
2,1-HNA 1642 9.808 10.89 

2-NA 1702 10.57 11.70 
3.2-MNA 1693 10.55 11.58 
3.2-HNA 1667 10.15 11.23 
1.2-HNA 1648 9.966 10.97 

f (OC) = 4.040 • 10~6 v2 (mdyn/A). 
v in solution of carbon tetrachloride. 
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Fig. 1. Relation between force constant and stretching fre-
quency for CO bonds in the naphthaldehydic compounds. 
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Table 3. 2p (:) Orbital coefficients from density matrix 
CNDO/2. 

Com- Atomic Center* 
pound — 

1 2 3 4 5 6 7 

1-NA 1.037 0.961 1.014 0.969 0.829 1.234 
4,1-MNA 1.082 0.931 1.094 0.917 0.822 1.256 1.886 
2,1-MNA 1.107 0.914 1.066 0.940 0.821 1.259 1.891 
2.1-HNA 1.240 0.864 1.069 0.929 0.779 1.329 1.901 

2-NA 0.980 1.015 0.982 1.101 0.838 1.213 
3.2-MNA 0.945 1.060 0.941 1.092 0.826 1.232 1.895 
3,2-HNA 0.937 1.081 0.905 1.106 0.790 1.290 1.915 
1.2-HNA 0.866 1.127 0.951 1.076 0.778 1.326 1.896 

Cf. Figure 2. 

Table 4. Length, charge, Wiberg indices, and force con-
stants of the carbon-oxygen bond between the aromatic 
carbon and the oxygen of the substituent ( / (OCar) ) in 
naphthaldehydic compounds./(OCar) in mdyn/A. 

Com- R ( A) 0 o <7c / 
pounds (OC) (OC) (OCar) 

4,1-MNA 1.366 6.208 0.201 0.925 0.083 5.038 
2,1-MNA 1.368 6.212 0.206 0.925 0.079 4.992 
2,1-HNA 1.356 6.296 0.232 0.965 0.109 5.375 
3,2-MNA 1.368 6.213 0.193 0.926 0.073 4.984 
3,2-HNA 1.361 6.294 0.207 0.965 0.090 5.244 
1,2-HNA 1.357 6.295 0.224 0.966 0.113 5.371 

-ex 

Fig. 2. Atomic center numeration in the two naphthal-
dehyde series under study (see Table III). 

quencies in solution of carbon te t rachlor ide and the 
square root of the Kosmus force constant. T h e slope 
is 523.2 ( ( m d y n / A ) ~ 1 / 2 / c m _ 1 ) . 

Other force constant studies based on semiempir -
ical correlations [10] could be used in the present 
work in order to appreciate the accuracy of these 

/ ( O C ) values. However, our m a i n interest rests in 
the expectation of the C N D O / 2 calculation of the 
spectral shifts description due to the electronic dis-
t r ibut ion change induced by the substituent. There-
fore, f rom the density matrix, the electronic correla-

tion between the electron-donor and the electron-
acceptor groups th rough to the 2 p (z) a tomic orbi-
tals permits us to observe the charge transfer which 
the subst i tuent induces on the carbonyl bond, spe-
cifically on the oxygen a tom (Table 3) [9]. In this 
way, the per tu rba t ion which the substi tuent intro-
duces on the carbonyl bond frequency can be appre-
ciated by means of the Wiberg bond indices, as well 
as charge densities (Tables 1 and 4). These two 
paramete rs were involved in the valence force con-
stant calculation. 

As can be seen f rom Figure 1, the two sets of 
naph tha ldehyde compounds , the hydroxy- and the 
methoxy-der ivat ives series, are localized in two dif-
ferent spectral ranges. A good agreement was found 
between exper imenta l and computat ional results. 
The addi t ional increase of charge density on the 
oxygen a tom of the C = 0 group in the hydroxy-
derivative series is due to the charge transfer f rom 
the hydrogen of the hydroxyl group. At the same 
t ime, the decrease in covalent character of the C = 0 
bond is in good agreement with the d iminut ion of 
the observed vibrat ional frequency. When the intra-
molecular hydrogen-bond was disrupted by a new 
conformat ion , with the hydroxyl g roup rotated 180 
degrees, these computa t iona l results showed a simi-
lar behavior for hydroxy- and methoxy-substi tuents. 

It is interesting to remark that the l inear correla-
tion in Fig. 1 is not dependent on the localization of 
the carbonyl and the subst i tuent groups in the 
a romat ic ring. There fo re the per turbat ion on the 
C = 0 stretching essentially appears as an effect of 
the 7r-delocalization induced by the substi tuent on 
the a romat ic ring, notwi ths tanding the 1-naphthal-
dehyde series localizes more charge on the oxygen 
a tom of the C = 0 group than the 2-naphtha ldehyde 
series. 

A good correlat ion was found between the va-
lence force constants of the carbonyl bond, / ( O C ) , 
and the carbon-oxygen bond for the substi tuted 
naphtha ldehydes , / ( O C a r ) , as can be seen in Fig-
ure 3. Thus , by means of this relat ionship, the sub-
stituent can be considered as a charge regulator of 
the carbonyl bond. 

Spectral band assignments of a romat ic com-
pounds are very diff icult . At the same t ime, there is 
a lack of this type of assignments in the li terature. 
However , ring spectral bands sensitive to substi tuent 
effect in this naph tha ldehyde series could be ten-
tatively assigned, considering the good linear corre-
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Fig. 3. Relation between force constant of the carbonyl 
bond / ( O C ) and the aromatic carbon-oxygen of the sub-
stituent bond/(OCar) for naphthaldehydic compounds. 

f(OCar) A 

Fig. 4. Relation between force constant / (OCar) and ring 
band frequency sensitive to substituent for naphthaldehydic 
compounds. 

Table 5. Ring band sensitive 
to substituent in the naphthal-
dehydic compounds. 

a Solid samples. 
b Liquid sample. 

lation between the / ( O C ) and / ( O C a r ) shown in 
Figure 3. Experimental f requencies of the ring 
bands sensitive to the subst i tuent have been chosen 
in order to preserve a good linear re la t ionship with 
the / ( O C a r ) values, in a similar way as shown in 
Fig. 1 (see Table 5). Thus, the semiempir ica l meth-
od developed in order to obta in this l inear correla-
tion (Fig. 4) has permit ted us to give an addi t ional 
cr i ter ium for assigning the experimental band data , 
such as the region and the shape of the spectral 
band in this kind of a romat ic compound . 

Finally, we have found that this methodology is 
suitable to describe the substi tuent effect and the 

ring spectral band sensitive in benzaldehyde com-
pounds [11]. At present, we are interested in extend-
ing these s tudied to other kinds of molecular sys-
tems involving charge t ransfer between electron-
acceptor and electron-donor groups in aromat ic 
rings ( A - A r - D ) . 
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Com- v, (cm ') 
pounds1 

4.1-MNAb 1248 
2,1-MNA 1246 
2.1-HNA 1310 
3,2-MNA 1248 
3,2-HNA 1280 
1,2-HNA 1310 
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