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ON THE EFFECT OF HYDROGEN
BONLING ON THE EXCITED
STATES OF COUMARINS

CouMarIN molecules have close lying = =* and
n =* states which are perturbed by changes
in substituents, solvents and by hydrogen
bonding. In the present study, the effect ot
hydrogen bonding is investigated by taking
the coumarins in two types of solvents: (1)
proton donating and (2) proton accepling.
Five different coumarin derivatives have bheen
used. The quantum yield of fluorescence and
the frequencies of the absorption and emission
spectra have been obtained, The absorption
and emission spectra were recorded with a
Perken-Elmer spectrophotometer and an
A minco-Bowman spectrofluorophotometer
respectively. The quantum yield of fluorescence
has been calculated froin the area of the
emission spectrum curve and the relative
absorption for the exciting wavelength.

Science

Table I gives a summary of the experimental
results. It is clear from the results that the
relative quantum vyield of fluorescence is
generally higher in proton donating solvents
than in proton accepting solvents. This indi-
cates the possible effect of hydrogen bonding
on the excited states of coumarins. As in all
fluoresrent aromatic molecules, = r* is the
lowest excited singlet state in coumarinsl?,
and n m% is very close to it. A close exami-
nation of the correlation between fluorescence

quantum yield and frequency of emission
indicates that the effert of the perturbation is
such that as the quantum yield of flucrescence
increases the corresponding freguency of
fluorescence emission decreases, This leads to
the conclusion that hydrogen bonding while
perturbing the close lying = =% and n 7* singlet
states of the coumarin molecules increases
the energy gap between =»* and n7* and
still leaves the =r* as the lowest state’, It may

TABLE [
Solute 5, 6-dihydroxy-— 4, 7-dimethyl 7. 8-dimethoxy- T-Acetonyloxy 5S-methoxy-4-phenyl
4-methy! coumaria 4-methyl coumarin coumarin coumarin
Solvent coamarin
Water . 28980° { 31540 31260 31060 32780
21740 34720 20740 { 256640 19480
020 26320 0:85 153807 Good yield
v 0 '102 - O'ﬂg . a
Formaumide .. 26040 { 31540 31060 31060 32680
215660 34840 { 277807 25640 263707
0-20 26100 21660 0:-06 { 21180
.o 0320 154607 . 0:23
aw L IR 0 . m i . - &
Etbanol 28160 {31740 31260 31060 32780
22720 1 35460 277807 [{ 25640 { 27400%
0. 29 [ 26320 {21340 1 152007 21660
. | 164307 162907 0-50 0:11
e 0 . 062 0 . 30 . a . a
Butanol .o {31740 3126¢ 30860 32900
23260 | 356460 280101 26780 [ 274001
037 ( 26320 {22120 0:53 | 23040
1158701 15380+ : 0:073
g 0 . 1 lﬁ 0' 24 e -w
Acetone .o .a . s .o .o
23580 { 24630 { 274001 (20120 _{ 25000
.o 1138707 | 24500 | 146001 144107
e e 0" 18 . s v b
Dioxane 28880 { 31840 32240 31250 12460
23800 35720 {27320 { 26900 { 27320
0-062 30580 { 260007 147907 | 148107
ae 0'082 0'073 0'20 0‘10

——

r— v - i i

* For each solvent and solate, the data is entered in the following order: w, v;, Q, which ave the wavenumbers
of the maxima of longest wavelength absorption, the maxima of fluorescence and the relative guantum yield of fluores-

cence. respectively, 1 Very wesk peak.
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also be mentioned that the effect of hydrogen
bonding on the excited states is similar to the
other perturbing effect due to the substituents3-5
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A METHOD FOR DETERMINING AN
EXPLICIT VALUE OF CHEMICAL
SHIFT IN »-RESONANCE ABSORPTION
BY SOLIDS

IN the <v-resonance absorption by solids, the
relative change in the energy of the isomeric
states (absorber and source) due to the charge
distribution of S-electrons around the Moss-
bauer nucleus is measured along with the
shift in vy-ray energy due to second order
Doppler effect., The total shift is called as
centre shiftl. The independence of I1somer
shift with temperature is known from the
work of Preston et al.?2. So In the resonance
absorption of gamma-rays, elimination of the
contribution of second order Doppler effect to
centre shift is possible, if there is a definite
difference of temperatures between the source
and absorber when the Mossbauer isotopes are
Iocated in different host lattices which then
will give an explicit wvalue for isomer shift
(chemical shift).
The energy E,

Mossbauer source
lattice can be gilven as a

of the emitted v-ray by a
incorporated in a host
sum of transition

energy E, the chemical shift AE, and the
second order Doppler shift AE 3
Es=8B,+ AE, + A E, (1)

and similarly for the absorbing nucleus in
another environment

E,=E, + AE,) + AEY. (2)
Substituting wvaluest for AE, and AL the
energy shift in the <v-rays emitted by the
source relatlve to the ahsorber ¢an be¢ glven as
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where {’t;'-}ﬂr and (v*) are the mean square

velocities of the emitting and absorbing nuclei
respectively and the rest notations are well

known, Since the Mossbauer isotope forms an
impurity in the host lattice, the wvaluyes of
(v=), and (v=) ~are not equal in general.

Evaluation of the wvalues of (v2), and (v"),
are rather complicated at low temperatures
but somewhat simpler at the high temperature

limits, For a cubic crystal, in harmonic
approximation, at high temperature limit, we
can write {(v?) as
3KT ?)
V3 ~ . — 41
(V%) o TS {1+20M T) (4

Here M is the mass of the host atlom and M
is the mass of the impurity and other notations

are well known. Thus relation (3) can be
written as
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The second term in (5) gives the second order
Doppler chift relative to the absorber and will
be zero under two conditions.

(i) If the sourre and absorber are at the
came temperature and are located in the same
host lattizes, then lhe second term in (5) will
vanish. In this case the first term will also
be zero and =o the rescnznt absorption will
occur exartly at zero velority of the source
relative to the absorber.

(i1) If the sour<e and the aYsorber are located
in different host lattices and the Mdssbauer
experiment is performed at high temperature
and the condition
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is satisfied, then the contribution in energy
shift due to second order Doppler effect will be
zere in the resonant absorption spectrum, In

(5)

(6)



