This article was downloaded by:

On: 30 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Spectroscopy Letters
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597299

Ar IeTarions . Makmwizieary laamat

L NN of ial &
SpCGuosCo

| 4 ™ o] -
| L
L_\" 1.\.\_ "

Exbir: Mok C. Mkl

)N

ELECTRONIC TRANSITIONS OF DI-HYDROXY NAPHTHALENE

MOLECULES

R. K. Garg®; Pardeep Kumar®; R. S. Ram?; Z. H. Zaidi*

* National Physical Laboratory, New Delhi, India ® Al-Falah School of Engineering & Technology,
Dhauj, Faridabad, India ¢ M.J.P. Rohilkhand University, Bareilly, India

Online publication date: 31 December 2001

@ Ty & Frarcis

Sukame 38 Mumtzers 4-% 1005

To cite this Article Garg, R. K. , Kumar, Pardeep , Ram, R. S. and Zaidi, Z. H.(2001) 'ELECTRONIC TRANSITIONS OF DI-
HYDROXY NAPHTHALENE MOLECULES', Spectroscopy Letters, 34: 6, 685 — 700

To link to this Article: DOI: 10.1081/SL-100107891
URL: http://dx.doi.org/10.1081/SL-100107891

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. conftermns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this nmaterial.



http://www.informaworld.com/smpp/title~content=t713597299
http://dx.doi.org/10.1081/SL-100107891
http://www.informaworld.com/terms-and-conditions-of-access.pdf

03:10 30 January 2011

Downl oaded At:

Copyright © 2001 by Marcel Dekker, Inc.

SPECTROSCOPY LETTERS, 34(6), 685-700 (2001)

ELECTRONIC TRANSITIONS OF
DI-HYDROXY NAPHTHALENE
MOLECULES

R. K. Garg,1 Pardeep Kumar,”? R. S. Ram,! and
Z. H. Zaidi®

'National Physical Laboratory, Dr. K. S. Krishnan Marg,
New Delhi 110 012, India
2Al-Falah School of Engineering & Technology, Dhauj,
Faridabad, India
>M.J.P. Rohilkhand University, Bareilly 243 006, India

ABSTRACT

The electronic transitions of di-hydroxy naphthalene
molecules are found to be shifted towards higher wavelength
side, when hydroxyl groups are substituted in the naphtha-
lene molecule. The changes in the position and intensity of
the electronic bands depend upon the charge transfer prop-
erty of the substituent. The present paper correlates the
electronic transitions observed in the photoacoustic spectra
of naphthalene, 1,3-dihydroxy naphthalene (DHN), 1,4-
DHN and 1,5-DHN in the region 250—400nm. The elec-
tronic transitions of these molecules have been interpreted
using the optimised geometries and CNDO/S-CI methods.
Assignments of the observed electronic transitions are made
on the basis of radiative and non-radiative transitions.
A good agreement is found between the experimental and
calculated results.
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Key Words: Photoacoustic spectroscopy; Di-hydroxy naph-
thalene; Electronic transitions; CNDO calculations; Polycyclic
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INTRODUCTION

Hydroxyl substituted naphthalene are of wide interest to physicists,
chemists, biologists and industrialists equally. In fact, the complex mixtures
of substituted polycyclic aromatic hydrocarbons (PAHs), some of which are
carcinogenic or mutagenic, from an important class of molecules for ex-
perimental and theoretical studies. These are found in treated and untreated
water', plant tissues®, coal-derived samples® and other fossil fuels. More-
over, they are used as food-grade and antioxidants in foodstuffs*, oil and oil
additives®, and in plastics®. Naphthols, in particular, are used in pharma-
ceuticals and in the synthesis of some laser dyes’. These substituted aro-
matics and their radical cations are highly fluorescent, a property attributed
to m-electron excitation. The spectroscopic study of these compounds is
helpful in understanding the intramolecular and intermolecular charge
transfer processes, molecular structures, identification of analytes at trace
concentration levels, and in the study of interactions of molecules with their
environment etc.

Electronic absorption spectra of monohydroxyl-derivatives of naph-
thalene have been studied both experimentally as well as theoretically by
several workers®™'°. Daglish?® and Hercules et al.>! have reported the ab-
sorption spectra of hydroxyl-substituted naphthalenes in the region
220—400 nm. Fujii et al.*> have reported the electronic absorption spectra of
four dihydroxyl-naphthalenes, 1,4-, 1,8-, 2,3- and 2,7- with C,, symmetry in
isoctane solution from 190 nm to 400 nm region at room temperature. The
photoelectron (PE) spectra of hydroxyl-substituted naphthalene are rare;
only 1- and 2-naphthols appear to have been studied by Utsunomiya et al.'’
in the region 6 to 20eV.

The fluorescence spectra of mono and few dihydroxyl-naphthalenes
have also been reported by Hercules et al.?'. Suzuki et al.** have studied
the temperature dependence of the fluorescence and polarization spectrum
of I-naphthol in a glycerin solution. The room temperature phosphores-
cence (RTP) and fluorescence (RTF) of hydroxyl-substituted aromatics
adsorbed on solid surface have been studied by Dalterio et al.**~>° and
Bello et al.?®.

Recently, we have studied mono-hydroxyl substituted naphthalene
molecules by photoacoustic (PA) spectroscopy’’ 2°. The PA spectra of
naphthalene and naphthols in boric acid glass have been successfully ex-
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plained and interpreted by CNDO/S-CI molecular orbital method in the
region 250—400 nm*°~'. Additional bands in the PA spectra of naphthalene
and naphthols are attributed to non-radiative transitions. Also the radiative
as well as non-radiative transitions of naphthols are found to be shifted
towards the higher wavelength region when compared with the parent
molecule i.e., naphthalene molecule.

In the present paper, we are reporting the photoacoustic and optical
absorption spectra of 1,3-DHN, 1,4-DHN and 1,5-DHN molecules in boric
acid glass in the region 250—400nm. The PA spectra of obtained experi-
mentally have been interpreted on the basis of CNDO/S-CI molecular
orbital calculations [20—21] and compared with the naphthalene molecule.

EXPERIMENTAL

Dihydroxy naphthalene molecules were obtained from M /S Fluka AG
(Switzerland) and boric acid crystals of AR grade was obtained from M/S
Glaxo Laboratories Ltd. (India). The boric acid glass doped with these
naphthols was prepared by the method described elsewhere®?.

The experimental set-up of PA spectrophotometer used for these
studies was developed at National Physical Laboratory, New Delhi*®. The
PA spectrophotometer used here has a Jarrell-Ash monochromator having a
linear dispersion of 1.65nm/mm. The radiation from 1000-watt xenon arc
lamp is modulated at 40 Hz by a variable frequency mechanical chopper.
The modulated radiation after passing through proper optics uniformly
irradiates sample and the carbon black (used as reference) placed in two
acoustically sealed cylindrical stainless steel cells. Two lock-in amplifiers
using the time constant of 10 seconds amplify the signals obtained from the
microphones. The ratio of these two signals is a normalised spectrum and is
recorded on a X-Y recorder. The schematic representation of the experi-
mental set-up is given elsewhere**.

The optical absorption spectra were recorded on JASCO UV-VIS-
NIR spectrophotometer (Model V-570).

RESULTS AND DISCUSSION

The electronic transitions of 1,3-DHN and 1,4-DHN in the region
250—400 nm are studied by different workers>**>~** and found two radiative
transitions in this region. Baharvand et al.*’ have studied the electronic
absorption spectra of 1,3-DHN and 1,4-DHN. They have studied the effect
of temperature dependence on the fluorescence characteristics of these
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molecules®®. They have also studied the solvent effect on naphthalene and its
derivatives, exhibiting that the change in solvents produces a very small
almost negligible Bathochromic change in the absorption and fluorescence
wavelength maxima®®.

The electronic absorption spectrum of 1,5-DHN molecules has been
studied by some workers***>7¢ and is known to consist of two electronic
transitions in the region 250—400 nm. Similar to other DHNSs, both of these
transitions are radiative electronic transitions corresponding to the singlet-
singlet energy levels. Ashok K. Sharma et al. have studied the electronic
transitions of 1,5-DHN and its radical cation. They compared the experi-
mental results with the theoretical calculations using the Longuet-Higgins-
Pople (LHP) and Wasilewski type open shell SCF-MO calculations and
photoelectron spectral data of molecules** .

However, no one has reported about non-radiative transitions. Here,
we are describing the PA spectra of 1,3-DHN, 1,4-DHN and 1,5-DHN
molecules in boric acid glass alongwith their conventional absorption
spectra. The assignments have been made on the basis of CNDO/S-CI
calculations.

1,3-DHN

The conventional absorption spectrum of 1,3-DHN molecules in boric
acid glass is shown in Fig. 1. It shows two distinct band systems in the region
250—400 nm. The absorption near 285.2nm is stronger than the band at
326.9 nm.

The PA spectrum of 1,3-DHN molecules in boric acid glass is shown in
Fig. 2. The PA spectrum shows additional bands at 378.0 nm and 354.6 nm
of modified intensity and shape. Each band consists of well-developed
vibrational modes.

The observed optical spectrum of 1,3-DHN in boric acid glass has
two electronic transitions at 326.9 nm and at 285.2nm respectively. The
first electronic transition corresponds with the electronic transition of type
(IAIIg 6 'By,) of naphthalene molecule and may be assigned as of type
(A6B,) with the transition moment along the long axis of the molecule.
The second electronic transition may be due to the allowed (A;6B,)
transition with the transition moment along the short axis of the molecule.
This corresponds with the electronic transition of type (lAlg 6 'B,y)
of naphthalene molecule. These are assigned as radiative transitions
corresponding to the singlet-singlet energy levels. However, in PA spec-
trum, the origins of these transitions are observed at 323.0nm and at
281.0 nm respectively.
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Figure 1. Optical absorption spectrum of 1,3-dihydroxynaphthalene molecule in
boric acid glass.

The first radiative transition which is observed with its origin at
323.0nm in PA spectrum of 1,3 DHN in boric acid glass, has three vibra-
tional bands. The first band at 313.8 nm shows a difference of 910cm ™! from
its origin may be assigned to v4(b;s) (C-H in-plane bending). The second
band at 310.4 nm, which is at a distance of 1256cm ™' from the origin, is
attributed to the OH in-plane deformation®®. The other band at 306.7 nm
showing a difference of 1640cm ™" from its origin, may be due to the com-
bination of vg(a,) (C-H out of plane bending) and v4(b,).

The second radiative transition observed at 281.0 nm in the PA spec-
trum has two vibrational modes. The band at 274.0 nm, which is at a dis-
tance of 907 cm ™! from the origin, can be due to v4(b, o) vibrational mode.
The next band observed at 268.6 nm, showing a difference of 1640cm ™" is
attributed to the combination of vg(a,) and v4(byy).

In PA spectrum of 1,3-DHN, two additional transitions towards the
longer wavelength side are observed at 378.0 nm and at 354.6 nm. These may
be attributed to non-radiative transitions. The CNDO/S-CI calculations
also justify these two additional bands as due to the singlet-triplet (S-T)
absorption (lowest energy triplet level). In Table 1, these transitions are
denoted as non-radiative transitions.
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Figure 2. Photoacoustic spectrum of 1,3-dihydroxynaphthalene molecule in boric
acid glass.

The first non-radiative transition, which has its origin at 381.0 nm, has
no vibrational band attached to it. The origin of second non-radiative
transition observed at 354.6 nm, shows two vibrational bands. The first
band at 339.5nm, having a difference of 1256 cm ™' may be assigned to OH
in-plane deformation. The second band at 329.5 nm showing a difference of
2166 cm ™! from its origin is attributed to the combination of v7(big) and OH
in-plane deformation.

The results obtained by experimental and by CNDO/S-CI molecular
orbital calculations are given in Table 1. A good agreement is observed
between the experimental and calculated results.

1,4-DHN

The conventional absorption spectrum of 1,4-DHN molecules in boric
acid glass is shown in Fig. 3. It shows two distinct band systems in the region
250—400nm. The absorption at 288.0nm is stronger than the band at
328.8 nm.
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Table 1. Assignments of the Observed Bands in PA and Optical Spectra of 1,
3-DHN in Boric Acid Glass

Observed Maxima Shift
Calculated from
Transition PAS Electronic
Transition Energy Optical — Origin
No. (nm) (nm) (nm) (ecm™") (em™) Assignments
I 381.0 — 378.0 26,455 0 Non-radiative
(5-T)
I 359.2 — 354.6 28,200 0 Non-radiative
339.5 29,456 1256 0+1256
329.5 30,366 2166 0+910+41256
I 321.2 326.9 323.0 30,959 0 Radiative
(0.0479)*
313.8 31,869 910 04910
3104 32,215 1256 0+1256
306.7 32,599 1640 0+7334907
1AY 281.7 285.2 281.0 35,587 0 Radiative
(0.1934)*
274.0 36,494 907 04907

268.6 37,227 1640 047334907

*The number in parenthesis indicate oscillator strength.

The PA spectrum of 1,4-DHN molecules in boric acid glass is shown
in Fig. 4. The PA spectrum shows one additional band at 393.2nm with
modified intensity and shape. Each band consists of a well-developed
vibrational mode.

The observed optical absorption spectrum of 1,4 DHN in boric acid
glass shows two radiative transitions having their origins at 328.8 nm and at
288.0 nm respectively. The first electronic transition may be due to the al-
lowed (A;6B;) transition with the transition moment along the long axis of
the molecule. This corresponds with the electronic transition of type (lAllg 6
'B;.) of naphthalene molecule. The second electronic transition of 1,4-DHN
corresponds with the electronic transition of type (lAlg 6 'B,,) of naph-
thalene molecule. This may be assigned as of type (A;6B,) with the transi-
tion moment along the short axis of the molecule. Both these transitions are
also observed in the PA spectrum with their origins at 324.6nm and at
288.4nm respectively. The variation in the positions of above transitions
between optical and PA spectrum are due to the time constants used in the
lock-in amplifiers.
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Figure 3. Optical absorption spectrum of 1,4-dihydroxynaphthalene molecule in
boric acid glass.

In the PA spectrum, the band at a distance of 1256 cm ™' attached with
the origin of the first transition at 324.6nm, is due to OH in-plane de-
formation. The other band at 308.2 nm, at a difference of 1640 cm™' from
the origin, may be due to the combination of vg(a,) (C-H out of plane
bending) and v4(b;,) (C-H in-plane bending). The third band at 300.1 nm,
having a frequency difference of 2510 cm ™' from the origin is attributed to
the second overtone of OH in-plane deformation**.

The second radiative transition with its origin at 288.4 nm shows three
vibrational modes. The first band observed at 281.0 nm and having a dif-
ference of 907 cm ™! from the origin is assigned as v4(b, ¢). The second band
at 278.3nm shows a distance of 1256cm ™" from the origin, may be due to
the OH in-plane deformation. The third band at 271.4nm, at a difference of
2166cm ™! can be assigned as the combination of v7(b1g) and OH in-plane
deformation.

The CNDO/S-CI calculations and the structure of observed bands
suggest that an additional band observed at 393.2 nm may be due to the non-
radiative electronic transition. This is attributed to singlet-triplet absorption
(lowest energy triplet level).
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Figure 4. Photoacoustic spectrum of 1,4-dihydroxynaphthalene molecule in boric
acid glass.

The first band at 369.4nm attached to this non-radiative electronic
transition, shows a difference of 1640 cm ™' from the origin. It may be attrib-
uted to the combination of vg(a, ) and v4(b;, ). The second band at 357.3 nm,
at a difference of 2556 cm ™' from the origin, may be due to the combination
of vg(a, ) and second overtone of v4(b;, ). The third band at 346.1 nm, which is
ata distance of 3460 cm ™' from the origin, may be assigned as the combination
of second overtone of vg(by, ), vs(a,) and second overtone of v4(byy).

Table 2 provides assignments of the observed bands in the PA spec-
trum of 1,4-DHN. A close agreement between the results obtained by ex-
periment and CNDO/S-CI molecular orbital calculations, has been
observed.

1,5-DHN

The conventional absorption spectrum of 1,5-DHN molecules in boric
acid glass is shown in Fig. 5. It shows two distinct band systems in the region
250—400 nm. The absorption at 289.0nm is stronger than the band at
332.5nm.
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Table 2. Assignments of the Observed Bands in PA and Optical Spectra of 1,
4-DHN in Boric Acid Glass

Observed Maxima Shift
Calculated from
Transition PAS Electronic
Transition Energy Optical — Origin
No. (nm) (nm) (nm) (ecm™") (em™h Assignments
I 400.5 — 393.2 25432 0 Non-radiative
(5-T)
369.4 27,072 1640 047334907
357.3 27,988 2556 0473642 %910
346.1 28,892 3460 0+2 x 450+740
+2x910
I 326.1 328.8 324.6 30,807 0 Radiative
(0.1048)*
311.9 32,063 1256 0+1256
308.2 32,447 1640 0+7304910
300.1 33,317 2510 0+2 x 1256
I 290.8 288.0 288.4 34,674 0 Radiative
(0.2237)*

281.0 35,581 907 04907
278.3 35,930 1256 0+1256
271.4 36,840 2166 0491041256

*The number in parenthesis indicate oscillator strength.

The PA spectrum of 1,5-DHN molecules in boric acid glass is shown in
Fig. 6. The PA spectrum shows one additional band at 396.6nm with
modified intensity and shape. Each band consists of well-developed vibra-
tional modes.

In the conventional optical absorption spectrum, the two elec-
tronic transitions are observed at 332.5nm and at 289.0nm respec-
tively. The first electronic transition may be due to the allowed (A,6B,)
transition with the transition moment along the longer molecular axis.
This corresponds with the electronic transition of type (lAlg 6 'Bs,) of
naphthalene molecule. The second electronic transition of 1,5-DHN
corresponds with the electronic transition of type ('Alg 6 'By,) of
naphthalene molecule. This may be assigned as of type (A;6B,) with
the transition moment along the shorter molecular axis. These transi-
tions are also observed in the PA spectrum of 1,5-DHN at 329.2nm
and at 291.0nm respectively. The variation in the positions in these
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Figure 5. Optical absorption spectrum of 1,5-dihydroxynaphthalene molecule in
boric acid glass.

transitions may be due to the time constants used in the lock-in am-
plifiers.

The electronic transition observed at 329.2 nm shows three vibration
bands. The first band observed at 319.6 nm, showing a shift of 907 cm™!
from the origin, may be attributed to v4(b;,) (C-H in-plane bending). The
other band at 316.1 nm having a difference of 1256cm ™' from the origin,
may be due to OH in-plane deformation. The third band at 308.3 nm which
is at a distance of 2063cm ™! from the origin, may be assigned as the
combination of vg(b;,) (sketal motion of molecule, out of plane bending),
vs(ag) (C-H out of plane bending) and v(b).

The second radiative transition with its origin at 291.0 nm has three
vibrational modes. The first band at 287.3 nm, at a distance of 445cm ™!
from the origin is attributed to vg(b;,). The second band at 277.7 nm having
a difference of 1640 cm ™! from the origin may be due to the combination of
vs(ag ) and v4(b;, ). The third band at 271.2 nm showing a shift of 2510cm™!
from the origin may be assigned as the second overtone of OH in plane
deformation.
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Figure 6. Photoacoustic spectrum of 1,5-dihydroxynaphthalene molecule in boric
acid glass.

In the PA spectrum, an additional band at 396.6nm towards the
longer wavelength side is observed. On the basis of CNDO/S-CI calcula-
tions, it could be explained as due to the singlet-triplet (S-T) absorption
(lowest energy triplet level). This is assigned as non-radiative transition as
shown in Table 3.

The origin of this non-radiative transition is observed at 396.6 nm and
this transition shows three vibrational modes. The band observed at
379.3 nm, shows a shift of 1153 cm ™! from its origin. It may be attributed to
the combination of vg(b;,) and vg(a, ). The other band at 372.4 nm which is
at a distance of 1640cm ™' from the origin, may be due to the combination
of vg(ag) and vy(by,). The third band at 365.3nm having a difference of
2163cm™! from the origin may be assigned as the combination of v7(big)
and OH in plane deformation.

All the assignments alongwith their values are given in Table 3. A good
agreement is observed between the experimental results and the results
obtained by CNDO/S-CI molecular orbital calculations.
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Table 3. Assignments of the Observed Bands in PA and Optical Spectra of 1,
5-DHN in Boric Acid Glass

Observed Maxima Shift
Calculated from
Transition PAS Electronic
Transition Energy Optical — Origin
No. (nm) (nm) (nm) (ecm™") (em™h Assignments
I 401.5 — 396.6 25,214 0 Non-radiative
(8-T)
379.3 26,367 1153 0+445+708
372.4 26,854 1640 047334907
3653 27,377 2163 0490741256
I 327.6 3325 329.2 30,376 0 Radiative
(0.1181)*
319.6 31,283 907 0+907
316.1 31,632 1256 0+1256
308.3 32,439 2063 0+445+708+4-910
111 288.2 289.0 291.0 34,364 0 Radiative
(0.2561)*

287.3 34,809 445 04445
277.7 36,004 1640 047334907
271.2 36,874 2510 0+2 x 1255

*The number in parenthesis indicate oscillator strength.

Effect of Di-hydroxyl Groups on the PA Spectrum of Naphthalene
Molecule

The assignments of observed electronic transitions in the PA spectra of
1,3-DHN, 1,4-DHN and 1,5-DHN molecules in boric acid glass recorded at
room temperature are diagramatically shown in Fig. 7.

The PA spectra of 1,3-DHN, 1,4-DHN and 1,5-DHN molecules are
shifted towards the higher wavelength region, as compared with naphtha-
lene molecule as well as with 1-naphthol and 2-naphthol. This is because of
the fact that the introduction of second OH increases charge density at the
substituted ring of naphthalene nucleus. Due to increase in charge density,
the dipole moments of these DHNs are more as compared to 1-naphthol
and 2-naphthol. The increases in the dipole moment of these DHNSs are due
to the presence of intra-molecular hydrogen bonding in these molecules,
which increase their polarization®*°. These arguments are supported by
our calculated value of transition energies for these molecules. However, we
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Figure 7. Correlation diagram for electronic transition observed in PA spectra of
Naphthalene (N), 1-Naphthol (1-N), 2-Naphthol (2-N), 1,3-DHN, 1,4-DHN, and
1,5-DHN.

could observe only one non-radiative transition in 1,4-DHN and 1,5-DHN
molecules.
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