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Abstract

Para-aminophenaN-methyl para-aminophenol sulfate and pyrogallol are used as photographic developer and their fluorescence intensity
has been quenched in presence of acid, base, KCI, KBr, Kl and oxygen. In presence of sodium sulfite fluorescence intensity of the compounc
gradually increases with time. It has been established that in the steady-state fluorescence of these photographic developers the role
sodium sulfite is oxygen scavenger. In presenc@ efclodextrin, fluorescence intensity of these photographic developers increases due
to steric restriction. Location and nature of the surrounding medium of the photographic developers in cyclodextrin have been ascertaine
from quenching study. The presence of two rotamers of aminophenols and substituted aminophenols has been established from fluorescer
anisotropy study. The relative stability of the rotamers and the attachment of the compounds in the cRuityclafdextrin have been
established on the basis of semiempirical AM1-SCI calculation.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction In photography, the developing solution has been pre-
pared by using alkali as activator, KBr as restrainer and
A photographic emulsion when exposed to light, the sodium sulfite as preservatijy6] in addition to the basic
silver salt (silver bromide, chloride or iodide) become components of the developers. The photographic developers
activated and when the emulsion is placed in a developing are generally neutral or slightly acidic in nature and hence
solution the exposed, “activated” particles of silver salt are activators are used to initiate the developing action. At
reduced chemically to black metallic silj@r4], leaving the appropriate concentrations, bromide ions restrain the rate of
unexposed particles of silver salt unchanged. The conversionfog formation more than the rate of development in image
of silver ion into metallic silver is an oxidation—reduction areas. Such restrainer selectively usually improves picture
process[l] and for the reaction one or more reducing quality. Selective restrainers of this type are called develop-
agents—which photographers call “developers” are neces-ment antifoggants. Unintentional oxidation of the chemical
sary. Some basic components of developersihareethyl reducing agent by oxygen dissolved in the developer solution
p-aminophenol sulfate (MAP)p-aminophenol (AP) and may not only alter development kinetics but may also give
pyrogallol (PY), etc. As a result of the redox process, the coloured by products that can produce unattractive strains
basic components are converted into their oxidised form. in the developed material. The role of preservative is to stop
When the basic components of developing solution are this oxidation. In stop bath treatment, the oxidation of the
hydroquinone, resorcinol and catechol, the products of developing agents is checked by addition of 0.5% acetic acid.
photochemical reactions are quinoiigg In the photophysical studies of organic compounds,
sodium sulfite is used as oxygen scavenf8] and it
* Corresponding author. Tel.: +91 33 2414 6223; fax: +91 33 24146584, €nNances the fluorescence intensity of the compounds.
E-mail address: sbjuchem@yahoo.com (S.C. Bhattacharya). Oxygen is a good quencher in singlet and triplet state
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photophysical studies of dyd®,10]. The Stern Volmer  where Iy and Iyy are the intensities obtained with the
constants of oxygen quenching predict that it is an effective excitation polarizer oriented vertically and the emission
quencher to alter the emission intensity of the fluorophore polarizer oriented vertically and excitation polarizer oriented
from §1 andT; state. in vertical and emission polarizer oriented in horizontal,
Cyclodextrin (CD) is linked glucopyranose rings form- respectivelyG(1) is an instrumental factor representing the
ing doughnut-shaped compoufiil]. They are interesting  polarisation characteristics of the photometric system and is
microvessels for appropriate sized molecules. The cyclodex-given by:
trin molecules have an internal cavity acocessible to suitable v ()
guest molecules through an opening of X.&r g CD and G(\) = HV (2)
the depth of8 CD is 7.9A [12,13] Depending on the cav- Thr(3)
ity size, CDs are capable of encapsulating different guest/ term refer to parameters similar to those mentioned above
molecules. The reduced polarity and restricted space pro-for the horizontal position of the excitation polarizer.
vided by the CD cavity markedly influence a number of For the geometry optimization, we have used the semiem-
photochemical/photophysical propert[éd—17] pirical AM1 method and for the determination of ground state
The effects of sodium sulfite, potassium bromide, acid and energy, dipole moments in the ground and excited state and
alkali on the fluorescence spectrum of MAP, AP and PY have the transition energies to different excited electronic state,
been investigated. Effect @& CD on the steady-state emis- we have used the semiempirical AM1-SCI method supported
sion of the above compounds have also been investigatedby Hyperchem 5.01 package from Hypercube Inc., Canada.
The compounds have been optimized geometrically by using Utility of the AM1 and AM1-SCI method in getting reliable
the semiempirical AM1 method to calculate different energy structural data has already been establig@ed1]
parameter$18]. The ground state energy, dipole moments
in the ground and excited state and the transition energies to
different excited electronic state of the compounds have been3. Results and discussion
determined by the semiempirical AM1-SCI methfi®].
From the quantum chemical calculations, an idea has been The absorption and fluorescence spectra of AP, MAP and
drawn about the stability of the rotamer as well as proposi- PY have been studied at different pH. Absorbance of neu-
tions have been given about the attachment of the compoundsral species an2%, =295, 300 and 266 nm for AP, MAP
to the@ CD cavity. Photophysical studies of the developers and PY, respectively, decreases with gradual addition of acid
in B CD and sodium sulfite solution have been done to justify and alkali in the aqueous solution of the compounds. Fluo-
the use off CD in exchange of sodium sulfite in photography. rescence intensity of these compounds gradually decreases
with increasing concentration of acid as well as alkali. In
presence of alkali, phenolate ions are formed which is non-
2. Experimental fluorescent, so concentration of neutral species in the medium
decreases and hence fluorescence intensity also decreases.
AP, MAP and PY were of E. Merck products. These On the other hand, with gradual addition of acid fluorescence
were crystallized thrice from their alcohol water mixture intensity gradually decreases, this is due to proton induced
before use. Their characterization and purity were checkedquenching22]. As in presence of alkali phenolate ions are
by emission measurement and the impurities were absentformed[23], so alkali helps to initiate the redox reaction in
Good quality of CD was procured from Fluka and were photography.
used as received without further purification. Sodium sul-  The absorption spectra of the compounds (AP, MAP and
fite, potassium chloride, potassium bromide and potassiumPY) in the presence and absence of KCI, KBr and Kl in
iodide were of E. Merck product. Triply distilled water was the aqueous solution show no observable change in spectral
used for the preparation of the experimental solutions. All shape. With increasing concentration of KCIl, KBr and Ki
the experiments were performed with air-equilibrated solu- quenching of fluoresceng24] of AP, MAP and PY occurs.
tions. Shimadzu 1700 model UV-vis spectrophotometer and The Stern Volmer quenching constakig(,) for KBr are 28.7,
Spex Fluorolog F-11I A spectrofluorimeter were used for the 40.2 and 48.3 dfmol—1 (£10% error in each case) for MAP,
absorption and fluorescence measurement, respectively. Th&P and PY, respectivelyTable 1. Using KCI and Kl as
steady-state fluorescence anisotropy measurements were per-
formed with a Hitachi spectrofluorimeter (F-4500) at 298 K Table 1
and for anisotropy measurements the excitation and emissiorStern Volme_r constanty) of quenching of fluorescence of photographic
bandwidths were 2.5 nm each. The steady-state fluorescenc8S/eloPers in presence of GIBr— and I
anisotropies#) were calculated using the following equation Quencher N-methyl p-aminophenol p-Aminophenol  Pyrogallol

[10]: (dm® mol1) (dm®mol~1) (dm? mol1)
KCI 25.8 38.3 461
Iwv () — G(A) vy () KBr 28.7 40.2 48

T Iy ()) +2G(A) IvH (A) (1) Kl 325 46.8 52




244 S. Chatterjee et al. / Journal of Photochemistry and Photobiology A: Chemistry 175 (2005) 242-248

Table 2
Wavelength of absorption maximumﬁ@) and fluorescence maximumfr',(ax) of photographic developers in different media

Compounds In water In presence of J$83 In B cyclodextrin medium
i (nm) Anax (NM) A (nm) Mhax (NM) A (nm) Mnax/Nm
N-methylp-aminophenol 300 385 300 388 300 378
p-Aminophenol 295 370 292 394 292 377
Pyrogallol 266 352 266 354 266 349

a It represents the rotamer having torsional angle 42

quencher, th&sy values for AP are 38.3 and 46.8 dmol 1
(£10% error), respectivelyTable ). So, it is clear that in
photophysical study of photographic developers the role of

restrainer is as quencher. 2x10°
X 4

3.1. Excited state properties of the developers in sodium
sulfite solution

On exciting the aqueous solution of AP, MAP and PY,
at A0S =295, 300 and 266 nm, respectivelJable 3, the
absorbance and fluorescence intensity gradually decreases
with time. The absorption spectra of the compounds show no
observable change in presence and absence of sodium sulfite i
The fluorescence intensity of the compounds in presence 0 T . . =
of sodium sulfite gradually increases with time. The rate 350 400 450 500
constant k) of enhancement of fluorescence intensity of wavelength/nm
the fluorophore have been evaluated using the equation _ , , _
F=Foe. When InfiFy plotied againsts, yields good L Fivssceree soectasimnopnenal pserco rsodun sue

straight lines, justifying 1st order nature of_ the enhance- (4) 15 min, (5) 20 min, (6) 25 min, (7) 30 min, (8) 35 min and (9) 40 min.
ment of fluorescence. There is no change in rate constant

(2.4x 102min—1) with varying concentration of sodium
sulfite.

In presence of N&5O, and even reducing agent p& Oy,
after spontaneous exposure of ligha 385, the behaviour of

th d : that lution. | The absorbance of MAP i CD medium increases with
€ Compounds remains same as that In aquUeous SoIUtion, 1.€, -, ) addition of CD in the solutionFig. 2a). The fluores-
fluorescence intensity decreases with time. In solution chem-

. S . - cence intensity of MAP enhances with blue shift on gradual
|stry NaQSCb exerts four actlvmes..(l) it exhibits s.alt effegt, addition of CD in the probe solutionFig. 2b). Maximum
(2) it is used as reducing agent in many organic reactions

! ) ) 10 mM concentration op CD has been maintained in our
Eiﬂb&i)slzizgliggizsgzan of the mediy6] and (4) it experimental solutions and at 10 mM concentratiof 6D
' , the shift inAfl for MAP is 7 ble 3.
As NSO, and NaS,04 have no influence on the flu- © ST N Ama 17 's 7nm (fable 3

With gradual addition of CD in the aqueous solution of
orescence spectrum of AP, MAP af‘d .PY’ so the reason OfAP (Fig. 3) and PY absorbance gradually increases and their
enhancement of fluorescence intensity in presence£58a

) : . o fluorescence intensity also increases with small blue shift in
is neither salt effect nor reducing effect. As with increas- y

: . : ; >~ Al For AP, the shiftis 4 nm whereas for PY the shiftis 3nm
ing or decreasing pH of the medium fluorescence intensity ,-MaX

d SO d i t bH effect to fl (Table 3. The enhancement of fluorescence intensity, may be
decreases, sol 03 o not exert pH effect to fluorescence 4 6 1o imposition of some steric restriction on the above two
intensity of the medium.

In nitrogen atmosphere, the aqueous solution of AP,
MAP and PY exhibit no change in fluorescence inten- Table3

sity with time. So, the role of sodium sulfite is oxygen ECnergy values and dipole moment pfaminophenol andv-methyl p-
aminophenol in ground and excited state at different torsional angles

1x10° 4

luorescence Intensity (arbitrary unit) —

3.2. Effect of microheterogeneous environment in
preventing oxygen quenching

scavenger. _ :
In presence of sodium sulfite, the fluorescence intensity p-Aminophenol N-methylp-aminophenol
of AP was enhanced with time having 13 nm red shifts in 0° 42 0° 4
A . (381-394 nmFig. 1) whereas for MAP and PXf . Es, (€Vmoll) 6876 6875 9216 9216
has 3 and 2 nm red shift, respectivelable 2. An attempt Es, (Vmol!) -6526 —6523 8858 —8859
has been taken to explain the cause of shift from quantum s (P) 2.09 191 245 276
s, (D) 222 200 209 294

chemical calculations.
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cyclodextrin medium;@$ CD]: (1-10); (1) OmM, (2) 1.52 mM, (3) 3.06 mM
(4) 4.52mM, (5) 5.36 mM (6) 6.12mM, (7) 7.62mM, (8) 8.26 mM, (9)

(6) 7.37mM, (7) 8.72mM and (8) 10.00 mM.

intensity remains same after addition of Kl in the solution

6
. and there is no change in fluorescence intensity with increas-
2.0x10 7 1 ing concentration of KI. So, from this study we can conclude
_ >

: the optimized geometry of these compounds. It has been
- T : T : . observed that the maximum diameter of MAP, AP and PY
is 7.8, 6.6 and 5.8, respectively. The lateral diameter of
MAP and AP is 4.36\. So, the compounds can enter in the
CD cavity easily. Quenching results also support the above
Fig. 2. (a) Absorption spectra of N-methyl p-aminophenol sulfatg in explanation. Though MAP, AP and PY enter into the cavity,
there has less shift infl ., compared to that in water. These
9.13mM and (10) 10.00mM. (b) Fluorescence spectravehethyl p- results are a clear indication of the loose fit of compounds

that the compounds are associated within the cavity of
B CD.

From semiempirical (AM1) calculation, the molecular
diameters of AP, MAP and PY have been calculated for

aminophenol sulfate ig cyclodextrin medium;§ CD]: (1-6); (1) 0mM, within the cavity of CD (Fig. 4), which is large enough to

(2) 4.05mM, (3) 5.40mM, (4) 6.86 mM, (5) 8.58 mM and (6) 10.00 mM. include the guest together with low-ordered water molecules

[29].

compounds. As the fluorescence maximum has a blue shift so
from the photophysical studies of the compounds in solvents
of different polarity, it may be guessed that the compounds
are associated to a less polar environment compared to water.
Therefore, the incorporation of MAP, AP and PY in €D
cavity is likely.

3.3. Quenching study

The effect of CDs on collision quenching processes of
the compounds has been studied in detail. In most cases, the
quenching is inhibited by inclusion in C[)&7,28], since the
trapped molecule is less accessible to the quencher. Steady-
state fluorescence quenching study of AP, MAP and PY has
been performed at 10 mM concentration3aED solutions

\\\‘_‘H\ /CHS“’/

with increasing concentration of Kl (0.001-0.01M). For Fig. 4. Proposed model of inclusion dfmethylp-aminophenol into th@
AP, MAP and PY, it has been observed that the fluorescencecyclodextrin cavity.
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3.4. Anisotropy study O Q

Fluorescence anisotropy depends upon the rotational dif- iy
fusion of the fluorophore and the rotational diffusion changes O\ NH
with changing viscosity of the medium as well as size and
shape of the diffusing species. Generally, fluorescence occurs
from the lowest singlet excited state and hence fluorescence
anisotropy is independent of emission wavelength. For the
compounds having two rotamer&ig. 6) in the excited N
state, fluorescence anisotropy changes depending upon the |
emission wavelengtfL0] of the rotamers. The fluorescence 0
anisotropy of PY in aqueous solution is 0.01 and enhances
to 0.12 at 10 mM concentration @ CD. So, inclusion of
pyrogallol inB CD cavity has been confirmed.

For AP and MAP, the change in fluorescence anisotropy is H
complex. The fluorescence anisotropy value decreases with
increasing wavelength and becomes zeraﬂagx and then
increases after passing through zeFeg( 9. This depen- Fig. 6. Structure of (IA) non-planay-methyl p-aminophenol, (IB) planar
dence was attributed to the two excited states of AP and N-methylp-aminophenol, (IIA) non-plangr-aminophenol, (11B) plangp-
MAP. So, existence of two rotomerEi@j. 6) has been con-  aminophenol and (lll) pyrogallol.
firmed in the excited state gFaminophenol andv-methyl

p-aminophenol. From the normalized fluorescence spectra ofyq fing the relative stability of the different rotational con-

AP in agueous solutionin absence and presence ghtait formers (rotamers), the torsional angle between the benzene

has been observed that two rotamers IIA and 1IB of AP have plane and the plane, which contain the —MHNHMe

Mhax at 370 and 394 nm, respectively. group, has been preset to different values followed by a full
optimization of all other geometrical parameters.

3.5. Quantum chemical calculations and intramolecular Itis known[30-33]that aniline is nonplanar in the ground

rotation electronic state with the —Niplane being at about 42vith

respect to the ring plane. It has also been shown that the

The ground stateSp) geometries of the molecules have hydroxyl groupin phenol lies in the plane of the rii3g]. For
been optimized using the AM1 method. Subsequently, MAP, a bulky methyl group is present on the nitrogen atom
AM1-SCI (singly excited configuration interaction) has and hence it can never attain the planarity. From AM1-SCI
been performed to get the ground state enefyy, (dipole calculation, it has been observed that the energy difference
moments in the ground and excited states and the transition(AESO_,sl) of MAP is less Table 3 for the rotamer having
energies AE;_,;) to different excited electronic states. For torsional angle 42 (lA). So, for MAP, it is expected that
the Cl calculations, we have considered only the single elec-there is no shift in\l_ in sodium sulfite solution and the
tronic transitions between all the configurations (around 100 expectation agreed with the experimental observation.
in number) within a predefined energy window (13-14 eV, AP has two rotational isomerBig. 6) [35]: (1) non-planar
depending on the molecular system) from the ground state.Cs point group (I1A) and (2) planaf,y point group (1I1B). In
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\ _ is greater compared to 4Zus, =1.91D andus, =2.00 D)
S1 s 652289 ey rotamer Table 3. So, on continuous exposure to AP the
Energy instantaneous conversion in the excited state fé@yto Coy
oY can also be explained from dipole moment values.
i -68.7458 -68.7458
-68.7567 4. Conclusion
0° 42° in presence of

sodium sulfite In presence of sodium sulfite, the enhancement of fluo-
solution rescence intensity of the photographic developers occur due
to removal of oxygen and for AP the red shift in fluorescence
maxima occur due to conversion frofis to Coy point
group. InB CD medium, oxygen quenching is prevented

) . ) due to incorporation of MAP, AP and PY inside the cavity.
case of ma_nyo-_substltuted anilines it has been observed that Like sodium sulfite CD has an equal effect on preventing
the UV excitation spectra conforms more to g symme- photographic developers from the contact of oxygen.[So,

try point group than th€s [29]. As in presence ar_1d absence CD may be used as a preservative in photographic formulain
of Na; S0z absorbance of the compounds remains same andexchange of sodium sulfite. For MAP the dipole moment of

hence th? energies a“?' properties of the.ground _53@):@( ground and excited state is maximum when torsional angle
AP remains unaltered in presence of sodium sulfite. Usually ig 4> For AP the dipole moment is maximum when the
AP remains '”_CS point group as —Nbiprefers the_arrange- torsional angle is Q and thus, the instantaneous conversion
ment in which it m?kes an_angle%ﬂ) the pher_1y| ring (IA). from Cs to Coy occurs. From the data of energy levels
!n presence of sodium sulfite, the nonplar@g)(is cqnver_teq and dipole moments the most stable rotamer of MAP has
into the plabnar C2v) arrangement after prolong irradiation torsional angle 42 In presence of sodium sulfite, AP exhibit
of AP atAfvs, =297 nm. After removal of the light source, . type of arrangement of the energy levels.

the Cay rotamer (I1B) is ponverted intG's rotamer (llA) and The development kinetics may be controlled on addition
hence the interconversion of the rotamer occurs due to con- ¢ B CD with varying concentration of it. As in higher con-

tinuous Iight exposure on A.P in presence of sodiqm sulfite centration ofg CD the developers are encapsulated in the
whe_reas in absence of sod|gm sulfite the quenchlng of AP cavity, so it may be used in stop bath treatment also.
by dissolved oxygen predominates and such conversion does
not occur. Therefore, for AP in presence of sodium sulfite, the
energy ofSo may be equal to the energy & of 42° rotamer
and the energy of; may be equal to the energy 8f of 0° Acknowledgments
rotamer when it is continuously irradiated on 188, From
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