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The spectral changes caused in the 'La bands of aniline and N,N-dimethylaniline by the
introduction of - SCh. and - SC.H5substituents in the para position suggest the ability of sulphur
to expand its valence shell. The UV spectra of some substituted 4-amino- and 4-dimethyl-
arrrinodiphenyl sulphides and their. oxygen analogues have also been studied. An estimate of
the oscillator strengths of the absorption bands shows that the presence of a CI, Br or I atom
in the 4'-position of 4-amino- or 4-dimethylaminodiphenyl sulphide increases the oscillator
strength significantly. This suggests a possibility of conjugative interaction of the amino
groups with CI, Br and I atoms through the intervening sulphur. The spectral behaviour of
the oxygen analogues does not indicate any such conjugative interaction.

THE various electronic effects due to divalent
sulphur in organic compounds have b~en
discussed- on the basis of many physical

methods of study, especially, IR2-', NMRs,e, ESR?,
PMR8 and electronic spectroscopy=P. The inter-
preta tions given by different workers differ in res-
pect of the ability of sulphur to utilize its vac~nt
d-orbitals. The present study was undertaken With
a veiw to obtaining spectral data on some aromatic
sulphides where sulphur could utilize its vacant
d-orbitals. Since a study of this type would be more
fruitful by comparing the behaviour of the sulphur
compounds with that of their oxygen analogues,
the spectral characteristics of their oxygen analogues
have also been studied.

Materials and Methods
4-Amino-, 4-amino-4'-fluoro-, 4-amino-4'-chloro-,

4-amino-4'-bromo-, 4-amino-4'-iodo-, 4-amino-4'-
methyl-, 4-dimethylamino-, 4-dimethylamin~-4:-
fluoro-, 4-chloro-4'-dimethylamino-, 4-bromo-4 -di-
methylamino-, 4-dimethylamino~4'-iodo-, 4-dime~hyl-
amino-4'-methyldiphenyl . sulp?lde, and 4-a.~11lno:,
4-amino-4'-fiuoro-, 4-ammo-4 -chloro-, 4-ammo-4-
bromo-, 4-amino-4'-methyl-, 4-dimethylamino-4'-
fluoro-, 4-chloro-4'-di- methylamino-, 4-bromo-4'-
dimethylamino-, 4-dimethylamino-4'-methyldiphenyl
ether were prepared as described earlierz,.

The spectra were determined with a Hilger and
Watts Uvispek photoelectric sp~\tromet~r, model
H 700.308 equipped with a silica pnsm. The
solvent used was 95% ethanol, purified by dist~lla-
tion after treatment with lead acetate and sodium
hydroxide.

"'Present address: Vice-Chancellor. Nagarjuna University,
Nagarjunanagar 522510. Guntur Dist.

tPresent address: Department of Chemistry. Presidency
College, Ma.dras 600005.
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Results and Discussion

When a charge-transfer takes place from the
-e-system to sulphur, the lower the ionization poten-
tial of the -e-system, the higher will be the electron
affinity of the vacant orbital on sulphur. The
degree of overlapping of the vacant orbital of
sulphur with -e-charge cloud is an important factor
to be considered. Thus, strong donor substituents
like -NHz and -N(CH3)2' in the phenyl ring, will
favour valence shell expansion by decreasing the
ionization potential of the 7t-system.

The spectral data (Table 1) show how the lLtj
band of aniline (Amax, 234 nm; Emax, 11500) is affect-
ed by the para substituents, CHaS- and CsH6S-,
There is a bathochromic shift of about 20-30 nm
with an increase in intensity indicating the exis-
tence of conjugation between the electron-donating
amino group and the sulphur atom as shown in
structure (I). The lLa band of p-anisidine or

R = CHa or C.Hs

4-aminodiphenyl ether does not undergo any signi-
ficant red shift (compared with that of aniline)
and the intensity of the band also remains practi-
cally the same.

The same is the case with N,N-dimethylanilines.
The lLa band of N,N-dimethylaniline is affected
by para-substitution with methylthio or phenyl-
thio group (Table 1). The contrast that the oxygen
compounds offer is also apparent.

Instead of analysing the spectral data with refe-
rence to "'mas and Emu. it is often preferable to con-
sider the oscillator strength {f) on theoretical grounds.
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Compound

TABLE 1 - UV SPECTRALCHARACTERISTICSOF SOME ANILINES AND N,N-DIMETHYLANILINES

Aniline'"
p-Aminophenyl methyl sulphide"
p-Anisidine25

4-Aminodiphenyl sulphide"
4-Aminodiphenyl ether+
N,N-Dimethylaniline'"
p-Dimethylaminophenyl methyl sulphide'"
p-Methoxy-~,N-dimethylaniJine25
4-Dimethylaminodiphenyl sulphide+
4-Dimethylaminodiphenyl ether=

Awax
(nm)

234
264
236
256
242
250
271
247
278
256

lLa baud

emax AA Amax Emax
(nm)

284'5 1,700
30 294·0 1,700
2 299·0 1.600

22
8 296·0 1,900

297·0 1,600
21 303·0 2,500
3 307·0 2,000

28
6

11,500
13.800
7.900

17,400
11,800
12.600
20,400
10.000
24,300
15,500

*Present work.

TABLE 2 - SPECTRALDATA FOR
4-AMINODIPHENYLSULPHIDES,

4-DIMETHYLAMINODIPHENYLSULPHIDES,
4-AMINODIPHENYLETHERS A:-l'D

4-DIMETHYLAMINODIPHENYLETHERS

Compound Amax
(urn)

emas

DIPHENYL SULPHIDES

4-Amino 256 17,400 0·560
4-Amino-4' -fluoro 255 15.600 0·498
4- Amino-4' -chl oro 263 19.400 0·600
4- Amino-4' -bromo 266 20,700 0·643
4-Amino-4' -iodo 266 23,300 0·664
4- Amino-4' -rnethyl 257 18,000 0·545
4-Dimethylamino 278 24.300 0·662
4- Dimethylamino-4' -fiuoro 278 23.600 0·629
4- Dimethylamino-4' -chloro 278 25,900 0·740
4- Dimethylamino-4' -brorno 279 26.900 0·775
4- Dimethylamino-4' -iodo 278 29,300 0·875
4- Dimethylamiuo-4' -meth yl 278 23,000 0·671

DIPHENYL ETHERS

4-Amino 242 11,800 0·313
4-Amino-4' -fluoro 241 15,900 0·320
4- Amino-4' -chloro 241 13,400 0·329
4 Amiuo-s-bromo 242 13.100 0·332
4- Amino-4' -methyl 243 13,200 0·332
4- Dirnethylarnino 256 15,500 0·360
4-Dimethylamino-4' -fluoro 258 14.300 0'309
4- Dirneth ylamino-4' -chloro 257 16,100 0·358
4-Dimethylamino-4' -bromo 258 16,600 0·379
4-Dimethylamino-4' -rnethyl 255 15,500 0·329

In the present study an estimate of the oscillator
strengths has also been made for some com-
pounds. The f values were computed from the
integrated areas under the curves by use of the
equation:

/=4·32 X 10-9fEdv
where e is the molar extinction coefficient and v is
the wave-number in crrr+. For a given band the
area was measured under the two minima on each
side of the band.

When Cl, Br or I is the substituent in the 4'-
position of 4-aminodiphenyl sulphide, there is a
bathochromic shift of the band at 256 nm with an

f

increase in the intensity. In a more quantitative
way, the substituent effects are seen in the oscilla-
tor strengths. The high intensities of the bands
occurring in the spectra of 4-amino-4'-chloro-,
4-amino-4'-bromo- and 4-amino-4'-iododiphenyl sul-
phides suggest the possibility of interaction of the
d-orbitals of chlorine, bromine or iodine with the
-e-orbitals of the ring. The presence of a Cl, Br
or I .atom,in the 4'-~sition of 4-aminodiphenyl
sulphide raises the oscillator strength of 4-amino-
diphenyl sulphide by 7, 15 and 18·5% respectively
~Table 2). On. t~e other hand, a F atom present
m the same position decreases the oscillator strength
by 11%.

. A similar tr~nd is observed in 4-dimethylamino-
diphenyl sulphides. In fact, in these cases the
introdu~tion of a ~I, ~r or I atom at the 4'-position
of 4-dl?'lethyla~modlphenyl sulphide causes a
greater increase m the oscillator strength, viz. 12,
17, and 32% respectively (Table 2). A fluorine
atom decreases the value by 5%. These facts
indicate conjugative interaction between the amino
~TOUpSand CI, Br and I atoms through the interven-
mg sulp~u~. An ex.amination of the spectral
characte~lstIcs of 4~aml~0-4'halogenodiphenyl ethers ..
and 4-dll:n~thylammo-4 -halogenodiphenyl ethers
lends additional support to the above view. There
is no signific,:nt incre.ase in the oscillator strengths
of the subs tituted diphenvl ethers in comparison
with the parent compound (Table 2).
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