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bVQE!TIC CIRCULAR DICHROISM SPELTRA OF p-DISUBSTIm 

BENZENES POSSESSING BOTH ELECTRON-DONATING AND ACCEPTING GROUPS 

KEY ‘WOFDS : Magnetic Circular Dichroism, bblecular Orbital, 
Pariser-Parr-Pople, pDisubstituted Benzene 

Norio Teramae, Seiickiro Higuchi and Shigeyuki Tanaka 
Departmnt of Industrial Cliemistry, Faculty of Engineering, 
University of Tokyo, Hongo, Bunkyo-ku, Tokyo, Japan 

mTRAc-.r 

The magnetic circular dichroism (D) and absorption spectra 

of m p-disubstituted benzenes possessing both electron-donating 

and accepting groups were maswed. The electronic spectra of the 

above compounds are characterized by the appearance of two absorp- 

tion bands, one of which appars a t  25000-40000 an-’ region with 

large intensity, and another a t  40000-50000 an-’ region with 

rather -11 intensity. 

latter one, have ken investigated by mans of the K ! D  spectra and 

mlecular orbi ta l  calculations based on the Pariser-Parr-Pople 

method. 

These absorption bands, especially the 

INTR3DKTION 

In the course of our ICD studies on organic ccanpounds, we 

spectra of substituted b z e n e s l )  , mm- 2 )  have reported the 
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9 80 TERAMAE, HIGUCHI, AND TANAKA 

3) and di-substituted naphthalenes . In  the present paper, we 

report the McD spectra of p-disubstitutrxl benzenes containing both 

electron donating and accepting grqs ,  such as p-nitroaniline. 

All ccqxxuds investigated i n  this s t a y  exhibit two absorp- 

t ion bands, one of hi& appears i n  the frequency region of 25000- 

40000 an-’ with large intensity, and another in the frequency 

region of 40000-50000 an-’ w i t h  rather wak intensity. 

spctral feature has been extensively investigated by means of 

mlecular orbital calculations based on the mnposite molecule 

Pariser-Parr-pople (PPP) 6-8) 

spectrum of a single crystal5) , the msurexent of the electrical- 

l y  induced dichroism”) and so on. 

been concerned with the intense absorption band in the 1- wave 

number region which has been assigned to the intramlecular 

charge-transfer band . 011 the other hand, mly s l igh t  attention 

has been paid to the weak absorption band i n  the higher mve 

number region, although the spectral assignmnts of nitroaniline 

and a m i m h z o i c  acid iscaners have been discussed by mans of the 

MCD spectroscopic techniguell). In  this study, the masurerrrent of 

the MCD spectra and mlecular orbi ta l  calculation based on the PPP 

approximation have been carried out i n  order t o  characterize the 

abwe-mentioned absorption bands. 

This 

4,5) , 
-/s9) methcds, the absorption 

Most of these studies have 

5) 
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MCD SPECTRA OF p-DISUBSTITUTED BENZENES 981 

EXPERIMENTAL 

The W D  and absorption spectra were masured on a JASCO J-20 

spectrogmlarimeter equipped with a 14.1-kG electrmgnet and on a 

Shimadzu MpS-SOL spectrophotmter, respectively. 

urement were carried out at room temperature using ethanol as a 

solvent. 

dhthylaniline (pN02 ,NMe2) , pnitrophenol (pN02 ,OH) , p-N,N-di- 

methylaminobenzonitrile (p-NMe2 ,CN) , p-aminobenzoic acid (pNH2, 

COOH) and p-N,N-dimethylaminobenzaldehyde (pNMe2 ,CHO) were 

comrcially obtained. 

JPSCO IRA-2 spectrophotmter and were referred to the published 

data in order to identify them. 

All the rreas- 

All cmpmds, pnitroaniline(p-NO ,NH 1 ,  pnitro-N,N- 2 2  

Their infra-red spectra were masured on a 

M??LROD OF CALCULATION 

The electronic transition energies, oscillator strengths and 
12,131 gmlarizations were calculated by the PPP approximation 

including configuration interaction m n g  all singly excited 

configurations. 

were evaluated frcin valence state ionization potentials and 

electron affinities. 

by mans of the Nishirmto-Mataga formula14) , and optimum para- 

mters suggested by several authors 8,15-18) were used for two- 

center resonance integrals. 

planar. 

I 

One-center electron repulsion and core intqrals 

m-center repulsion integrals Were obtained 

Allmlecules were assuIIy3d to be 

It was ass- that a l l  b~nd angles were 120' except for 
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982 TERAMAE, HIGUCHI, AND TANAKA 

the case of C - E N  and N - C a 3  in which they were taken to be 180'. 

Methyl group was treated with the pseudo-atom approximition 

Calculations were carried out using a HITAC 8700/8800 ccpnputer i n  

the ccmputer center of Tokyo University. 

15) . 

RESULTS AND DISarSSIONS 

The calculated electronic transition energies, oscillator 

strengths and polarizations of p-M2,NHZ, p-No2,NMe2, p-W2,OH and 

pNMe2,cN are surmnarized in TAEZE 1. 

belong t o  Ch p i n t  group within the framwork of the p i  electron 

approximation. 

absorption band i n  the lower wave nunker region includes t m  T L - ~ "  

transitions polarized parallel (Y) and perpendi~sular (X) to the 

long mlecular axis. As for the absorption band in the higher 

wave n b r  region, it can be considered to be umposed of tm 

transitions w i t h  mixed polarizations for pW2,NH2 and p-N02,tMe2. 

Q1 the other hand, for p-N02,0H and p-l*k2,CN, it can be consider- 

ed to be w s e d  of a single transition polarized along the X- 
10) axis. In contrast with our calculations, Iahhart and Waginiere 

assiqned by msns of the electrically induced dichroim and mle- 

alar orbital  calculations tha t  the absorption barid. in the higher 

wave nuher  region of pN02,NMe2 m l d e  was acmposed of a single 

transition. 

results for the polarizations of the absorption bands, the PCD 

A l l  molecules are ass& 

According to these calculations, the intense 

In order to examine the above-mntioned calculated 
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MCD SPECTRA OF p-DISUBSTITUTED BENZENES 9 83 

TABU 1 

Calculated mansition Energies, f-Values and Polarizations, and 
O b s e r v e d  Values O b t a i n e d  from Absorption and X D  Spectra. 

O b s e r v e d  Values 
Absorption MCD Calculated Values 

Campounds E(eV) f-Val. Pol. E(eV) log& E(eV) B-Values* 

p-N02,NH2 3.86 
4.34 
5.16 
5.67 

pN02 ,NMe2  4.02 
4.25 
5.38 
5.48 

pN02,0H 4.26 
4.41 
5.57 

P-NM~~,CN 4.48 
4.65 
5.75 

0.658 
0.002 
0.143 
0.004 

0.676 
0.017 
0.095 
0.003 

0.454 
0.005 
0.037 

0.001 
0.818 
0.060 

{ 3.72 +2.68 
X 1 3'33 4'16 4.19 -2.48 

5.02 +3.11 
5.49 negative Y 35-40 3.77 { 

Y 3.37 +5.73 

4.93 i-4.38 
5.43 -1.36 J 5.37 3.96 { Y 

1 3.97 4.03 ** X 
X 5.55 3.87 5.55 positive 

3.99 +24.4 
4.34 -25.7 } 4.25 4.51 { Y 

X 5.58 4.02 5.60 +16.2 
2 

*) 
**) Values could not be listed because of strong superimposition 

B-Value : Debye . P Q ~  magneton/m-l 

of two M D  bands with opposite signs. 

spectra of these canpunds have been measured, since the 

technique has been known to  be a powerful tool for elucidating 

the mnplicated electronic spectra 1-3,11,19-22) 

The 0 and absorption spectra of pN02,NH2, p-N02,NMe2, 

p-N02,0H and p-NMe ,CN are shown in Figs. l a n d  2. 

figures, [el, is molar ellipticity per unit magnetic field and 

In these 2 
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9 84 TERAMAE, HIGUCHI, AND TANAKA 

45.0 40.0 35.0 30.0 25.0 
Y m-l 

FIG. 1 

MCD (A) and absorption (B) spectra of pnitrOanilw( 1 
and p-nitro-N,N-dkthylaniline ( - - - - - 1 

-1 is expressed in degree-gauss .an*-mle-l un i t .  The observed 

values are tabulated at the right side i n  TABLE 1. 

As sham in Figs. 1 and 2, two MCD bands w i t h  opposite signs 

It is appear for the absorption W at 25000-40000 an-' region. 
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MCD SPECTRA OF p-DISUBSTITUTED BENZENES 985 

+1.0 

0.0 

-1.0 

1.0 

0.5 

45.0 40.0 35.0 30.0 

LI cml 
FIG. 2 

K D  (A) and absorption (B) spectra of p-nitrophenol( - - - - - - ) 

(left scale). 
(right scale) and p-N,N-dhethyhninobenzonitrile ( 1 

clear, therefore, that this absorption band is ccpnposed of two 

transitions with mixed polarizations. As for the absorption band 

at 40000-50000 an-', two MCD bands appear with opposite signs for 

p-N02,NH2 and pN02,NMe2, although only single MCD band appears 
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9 86 TERAMAE, HIGUCHI, AND TANAKA 

for p-N02,0H and p-NMe2,CN. 

feature, it is concluded that t h i s  absorption band is cchnposed of 

two transitions with mixed plarizations for p-No2,NH2 and p-N02, 

NMe2, and of a single transition for p-N02,0H and p-W2,CN. 

On the basis of this MCD spectral 

This 

conclusion is consistent with the prediction obtained by the 

mlecular orbital calculations tabulated at the left side in 

TABLE 1. 

The calculated transition energies and oscillator streng-ths 

of pNH2,cooH and p-W2,CH0 are tabulated at the left side in 

TABLE 2 .  The observed values of these ccrrpunds are also tabu- 

lated in its right side, and the iK!D and absorption spectra are 

shown in FIG. 3. As sham in this figure, a single FED band is 

TABLE 2 

Calculated Transition Wrgies and f-Values, and Observed Values 
obtained frm Absorption and MCD Spectra. 

observed Values 
Absorption ICD Calculated Values 

Ccanpounds E(eV) f-Val. E(eV) log& E(eV) B-Values* 

p-NH2COOH 4.35 0.016 4.08 +16.2 x10a4 
4.56 0.594 4.28 4.36 4.46 -13.5 

5.75 0.177 5.61 4.01 5.61 positive 

p-W2,CH0 4.45 0.095 
4.51 0.564 3.67 4.46 3.69 +31.1 

4.12 -31.8 

5.72 0.027 5.14 3.84 5.14 +12.3 
2 

*) B-Value : Debye -Bohr magneton/cm-l 
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MCD SPECTRA OF p-DISUBSTITUTED BENZENES 987 

45.0 40.0 35.0 30.0 
P cml 

FIG. 3 

MCD(A) and absorption(B) spectra of p-N,N-dkthylaminobenz- 
aldehyde ( ) ( l e f t  scale) and p-amimhzoic acid 
( - - - - - ) ( r ight  scale) .  

observed for  the absorption band in  the higher wave n m h r  region. 

It is concluded, therefore, tha t  t h i s  absorption band is cmpsed  

of a single transition for  p-NH2,CoOH and pNMez,CHO. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
2
2
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



988 TERAMAE, HIGUCHI, AND TANAKA 

By mans of the D spectra, the hidden transitions in 

strongly overlapped absorption bands are detected, and it is 

clarified that, for p-disubstituted benzenes investigated in this 

study, the absorption band in the lower wave nuher region is 

canposed of two transitions, and that the absorption band in the 

higher wave nmkr region is ocanposed of two transitions for p 

N02,NH2 and p-N02,We2, and of a single transition for p-N02,0H, 

p-NMe2,CN, pNH2,COOH and p-NMe2,CH0. 

1) N.Terame, K.Yazawa, T.Matsui and S.Tanaka; &em. Lett., 581 
(1974) 

2) N.Tame, K.Yazawa, T.Matsui, S.Higuchi and S.Tanaka; 
Bunseki  Kagaku, 24, 641 (1975) - 

3) N.Terme ard S.Tanaka; Bunseki Icagaku, 26, 280 (1977) 

4) J.Tanaka and S.Nagakura; J. Chem. Phys., 24, 1274 (1956) 

5) J.Tanaka; Bull. chgn. SOC. Japan, 36, 833 (1963) 

6) A.E.Lutskii and N.I.Gorokhova; Opt. Spectrosc., 21, 499 (1969) 
7) A.E.Lutskii and N.I.Gorokhma; Tar. a s p .  Khim., 6,490 (1970) 

8) M.D.Gordon and J.F.Nemr; J. Phys. Chem., 78, 1868 (1974) 

9) O.S.Khali1, J.L.Meeks and S.P.McGlynn; Chem. Phys. Lett., 

- 

- 
- 

- 

39, 457 (a976) - 
10) H.Labhart and G.Wag%ere; Helv. Chim. Acta, 46, 1314 (1963) 
11) A.Kaito, A.Tajiri and M-Hatano; Bull. &an. SOC. Japan, 

- 49, 2207 (1976) 

12) R.Pariser and R.G.Parr: J. chem. Phys., 21, 466 (1953) 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
2
2
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



MCD SPECTRA OF p-DISUBSTITUTED BENZENES 989 

13) J.A.Pople; Trans. Faraday S c c . ,  - 49, 1375 (1953) 

1 4 )  N-Mataga and K.Nishbto; Z. Phys. Chem. N. F., 12, 355 (1957) 

15) P.Lindner and 0.Martensson; Theoret. Chim. Acta, 1, 352 (1963) 

16) H.Baba, S.Suzuki and T.Takemura; J. Chem. Phys., 50, 2078 
(1969) 

17) S-Suzuki and T.Fujii; B u l l .  Chm. Scc. Japan, 9, 835 (1975) 

18) S.Suzuki, T.Fujii and T.Ishikawa; J. M o l .  Spectrosc., 2, 
490 (1975) 

19) A.D.Buckingham and P.J.Stephens; Ann. Rev. Phys. am., 
17, 399 (1966) - 

20) P.N.Schatz and A.J.McCaffery; Quart. Rw., G, 552 (1969) 

21) D.Caldwel1, J.M.Thorne and H . E y r h g ;  Am. Rev. Phys. Chem., 
22, 259 (1971) 

22) P.J.Stephens; Ann. Rev. Phys. Chem., 25, 201 (1974) 

L 

Received : 9-16-77 
Accepted : 9-21-77 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
2
2
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1


