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Abstract

The absorption and flucrescence properties of 35 specially selected methyl and stronger donor substituted benzene,
naphthalene, biphenyl, anthracene and 2-azaanthracene compounds are studied experimentally (at 293 K) and
quantum chemically. The fluorescence quantum vields, y, and decay times, t, for deaerated and non-deaerated
solutions are measured. The oscillator strength, £, natural lifetime, f and fluorescence and intersystem crossing rate
constants, k¢ and ksy, are calculated for each compound. The orbital nature of the lowest excited singlet state, 5, is
determined. The investigation shows that the introduction of methyl groups onto aromatic compounds may produce
different effects. The symmetry and hence kst and & may change. As a result, y will also change. Steric hindrance,
possibly due to the CH; group, will decrease & while increasing kst. In cases where the introduction of the methyl
group leaves the symmetry unchanged, there is a slight increase in kst and a slight decrease in k. This effect is
cumulative (more CH; groups lead to a greater decrease in ¥) and can be explained by the torsional vibrations of the
methyl groups. The introduction of strong donor groups usually produces dramatic changes. kst always increases, as
does kpand the increase in Ky is usually greater. Hence, 3 usually increases, sometimes dramatically. The nature of the 5,
state changes from za* (for an aromatic molecule) to =l 7 *. There are three reasons for the observed increase in Kgy: (i)
a decrease in symmetry; (ii) the internal heavy atom effect; and (iii) an improved mixing of the &y .+ state with T
states. It is also found that, in many cases, the effect of methyl and stronger donor groups on the fluorescence
parameters and kgy depends on the position of substitution, as well as changes in the molecular symmetry. The
substituent groups have different effects on the p- and x-bands. The fluorescence parameters obtained and trends
observed may be useful for different theoretical and practical purposes.
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I. Introduction

It 15 well known that the methyl group, CHs,
does not possess an electron capable of participat-
mg in w-bonding and so does not conjugate with
the m-system of an aromatic or heteroaromatic
molecule. However, due to hyperconjugation |[1]
and 1ts weak electron donor properties, the CH,
group can sometimes exert a significant influence
upon the spectral-lummnescent parameters of a
molecule. Substitution of methyl groups onto a
parent compound frequently causes a bathochro-
mic shift of the long-wave absorption band |2] and
can either merease 3] or, in some cases, decrease
[3.4] the quantum yield of fluorescence. There are
few systematic works devoted to this problem in
the scientific literature, especially with regard to
the mfluence of the CHy group on the intersystem
crossing rate constant.

Introduction of a strong donor group (e.g. NHs,
OH, OCH4, NiCH3y)s) usually causes dramatic
changes n all spectral-luminescent parameters,
even the nature of the §;— 8, transition 15 very
frequently changed. The oscillator strength of the
So— 8 clectronic transition usually increases and,
as a rule, the [luorescence guantum yield also
mereases [2,3,5]. Sometimes, substitution of a
denor group onte a molecule that does not show
laser activity will enable laser action to be obtained
[6.7]. In some cases, substitution of a denor group
onto a molecule that already exhibits laser action
may enhance 1ts laser properties [6,8], while in
other cases, these properties are diminished [6,9].
All these effects can be explamned by the change in
the most mmportant (luorescence parameters, in-
cluding the ntersystem crossing rale constant.
However, as far as the authors are aware, a
systematic treatment of the influence of donor
groups on the intersystem crossing rate constant
has not been reported. The objective of this work
15 o mvestigate the mfuence of both weak and
strong donor groups on the fluorescence para-
meters and, in particular, the mtersystem crossing
rate constant. Since an approach to this topi
requires analysis of a large quantity of exper-
mental fluorescence data, as well as a theoretical
treatment, 35 molecules were studied. These were

subdivided into six groups to faclitate the inves-
tigation.

Group 1: (1) Benzene, (2) Toluene, (3) o -xykene,
(4) m-xylene, (5) p-xylene, (6) 1, 2, 4-Trmethyl
benzene, (7) Mesitylene.

Group 2: (8) Phenol, (9 Anthne, (10) Ansole,
(1) NN -Dimethyl aniling, (12) L4-Dimethoxy
benzene, (13) NN NN “tetramethyl-p-pheny-
lenediamine (TMPD).

Group 3: (14) Naphthalene, (15) 1-Methyl-
naphthalene, (16) 2-Methylnaphthalene, (17)
23-Dimethylnaphthalene, (18) 2.6-Dimethyl-
naphthalene, (19) 1-Naphthol, (20) 2-Naphthol,
(21) 1-Naphthylamme.

Group 4: (22) Biphenyl, (23) 4-Methylbiphenyl,
(24) 3.3"-Dimethylbiphenyl, (25) 2,2 -Dimethyl-
biphenyl, (26) 4-Methoxybiphenyl, (27) 4.4'-
Dimethoxybiphenyl.

Group 5: (28) Anthracene, (29) 1-Ammoan-
thracene, (300 2-Ammoanthracene.

Group 6: (31) 2-Arzaanthracene, (32) 3-Methyl-
Z-azaanthracene, (33) 3.8-Dimethyl-2-azaan-
thracene, (34) 3.7, 8-Tnmethyl-2-azaanthracene,
(35) 3,6,8-Trmmethyl-2-amanthracene.

The structural formulae of these compounds are
presented m Fig. 1.

2. Experimental methods

The compounds studied were recrystallized,
sublimed or distilled and punty controlled using
chromatography. The absorption spectra of the
substances were recorded using a SPECORD M40
spectrophotometer with spectroquality cyclohex-
ane or ethanol as the solvent. Compounds (1-30)
were dissolved in cyelohexane and compounds
(31=-35) m ethanol. A Hitachi MPF- speciro-
luorimeter was used to record the fluorescence
spectra. The quantum yields of fluorescence were
measured usmg the method deseribed in Ref [10]
and a highly diluted solution of 9,10-diphenylan-
thracene in cyclohexane served as a standard. The
luorescence quantum yield of 9.10-diphenylan-
thracene was measured using the method deseribed
m Rell [11] and found to be 0.90. This value = 1n
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Fig. 1. Schematic representation of the structural formulae of the compounds studied.

good agreement with the results reported 1 Rell
[12]. The value, y = 1.00 that 1s reported m Ref. [3]
has never been conflirmed by other researchers.

In order to minmize reabsorption effects
cases where there 15 a large overlap between long-
wavelength absorption and fluorescence bands,
solutions for fluorescence quantum yield and hfe-
time measurements were prepared following the
recommendations given m Rel [12]. Since some of
the substances investigated reveal a very structured
long-wavelength absorption band, the spectral
bandpass of the excitation monochromator was
chosen to be #0.5 nm m each case. The emission
sht width was chosen depending on the [Muores-

cence miensity, but in each case 1t was not large
enough 1o cause distortion in the fluorescence
spectrum.

The decay tmes of lMuorescence, 7, were mea-
sured wsing either a SLM-48008 phase Mluorimeter
or nstallations based on the stroboscopic principle
combmed with single photon counting measure-
ments [13], depending on the value of . The
natural hfetimes were calculated using the formula
presented in Rell [13] and modified in Refl. [14]:

1

T
Ta

=288 x 1(}“’n2{;.’3,}—l9"" fi‘v'?fi 0

where = %f{n3+2]3 15 the Lorentz—Lorenz fac-
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tor [15], n 15 the refractive mdex of the solvent, 7is
the wavenumber in cm ™' and &(#) is the molar
extinction coefficient. Deaeration was carried out
using the method described in Rel. [16]. The value
of kgt was caleulated by taking mto account the
fact that the fluorescence quantum yield of highly
deaerated solutions of photostable compounds can
be determined using Eq. (2), with only the
mtramolecular quenching processes considered

[15}:

. ki
Dk kg + k)

where p* is the fluorescence quantum yield of the
deaerated solution and kg 1s the internal conver-
sion rate coefficient. From Eq. (2) one obtains:

dog+ kgp = u

I
where 7} is the fluorescence decay time for the
deaerated solution. For Ermolacv—Sveshnikova
[17] molecules, kg 18 very much less than b+ kg
and m many cases kg < kgpr. Hence:

(1=

T

kST -

Since the vast majority of the compounds studied
here have 5; — 8, energy intervals exceeding 24,000
em ! and taking into account the fact that mr*
and ml,w* (! —=a,) states do not differ very much in
nature [2], it is assumed that the Ermolacv-
Sveshnikowva principle 1s applicable to these com-
pounds.

The Stoke’s shift values were determined using
the formulac:

& EB -
AV = 58— 3¢

where
|~Ea'1‘1: ﬁayﬁa
A
| £(v,)d ¥,
and

| i (5 bl

'I.-'f13 =

| 17 )d v

=% and ¥ are the ‘centres of gravity” or first
moments’ of the long-wave absorption band and
fluorescence spectrum, respectively.

v, and # are the wavenumbers (in cm ") in the
range of the absorption and (luorescence spectra
and £(7) 15 the quantum intensity of luorescence.

The oscillator strengths of well resolved long-
wave absorption bands were determined using the
formula [15]:

L=13x107%3 | andv (3)

The oscillator strengths of low intensity or sub-
merged bands were determined using the formula:

4514 2y
© Ry
This was obtammed by dviding Eq. (3) by a
simplified version of Eq. (1), taking into account
that (#3)7" = (%)’ and

ce(ndi 1 -

)

e p—
~

=5~

The error hmits determined for the various
fluorescence parameters are as follows: quantum
vield, +10%; decay time, +3%; symmetry line
wavenumbers, +60 cm ™' Stokes shift, +200
em ™' kgr and ky values, +15%. The error limits
for experimental values of the oscillator strength,
Jfe of the Sy— 8 transitions are within +3%.
Where appropriate, the nature of the 5,—5;
transiions, electron density changes accompany-
ing these transitions and the energies of the triplet
states were also found with the aid of the PPP-CI
method using the program of Griffiths [18,19]. The
parameters used are those detatled in the program
hiterature with the exception of the BET A value for
aromalic carbon—carbon bonds (—2.39) and elec-
tron affinity of the carbon atoms m the aromatic
rings (0.3 eV). Positions of the T and S, levels
for the 2-azaanthracene derivatives (31-35) were
caleulated using the INDOJS method.
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3. Results and discussion

The milLn experimental fluorescence
parameters of the compounds studied are given
in Table 1. In the following discussion the
molecules are classified according to Berlmann
[20], using the changes in geometry accompanying
the Sp— 5 transition as follows. Class I: planar —
planar (absorption and fluorescence spectra are
structural). Class 11 non-planar— non-planar (ab-
sorption and fluorescence spectra are non-struc-
tural). Class III: non-planar — planar (absorption
spectrum is non-structural but the fluorescence
spectrum 15 structural). Class IV: non-planar—

more non-planar (the absorption spectrum shows
more structure than the fluorescence spectrum).
Class V: planar —non-planar (the absorption
spectrum  is structural while the fluorescence
spectrum  is not). Simulations performed using
the PPP-CI method show that the long-wawe
absorption bands of compounds (14, 19, 20) and
(22=27) are of x-nature [l.fl —-]Lh} while the long-
wave absorption bands of compounds (8=13), (21)
and (28=35) are of p-nature [1A —blLa}_ The
nature of the long-wave absorption bands of (1-
7y and (15-18) were determined from experimental
measurements. It 18 necessary to note that the
values of y and & obtained in this work for (1-30)
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Fig. 2. UV-ahsorption spectra, simulated frequencies and osallator strengths of the ekectronic transitions of 2Z-azaanthracene. (—J,
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Fig. 3. Absorption and fluorescence spectra of 2-azaanthracene {a) and 3-methyl-2-azaanthracene (k).

are in good agreement with the corresponding
values reported by other researchers [3,21,22].
Compounds (31-35) are practcally unstudied
previous to this work and so the fluorescence
spectra of 2-azaanthracene and 3-methyl-2-azaan-
thracene are presented in Figo 2 and Fag. 3.

3.1 Methyl substituted benzene derivatives

A comparison of the characteristics of the
absorption and fluorescence spectra leads to the

conclusion that compounds (1) and (2) belong to
the class 1 (showing structured absorbance and
fluorescence spectra). Compounds (3=7) belong to
class V (showing structured absorption, but non-
structured fluorescence spectra) although the tor-
stonal vibrations of the methyl groups are respon-
sible for some erosion of the vibrational structure
in the absorption spectra.

The introduction of a methyl group onto the
benzene ring produces several changes. It de-
creases the symmetry and hence the forbiddenness
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of the 53— 8, transition is partially relaxed. The
extent of spin-orbit coupling alse changes since, in
molecules of lower symmetry, more triplet levels
have the appropriate symmetry to allow mixing
with the & state [23-25]. In addition, the extent of
the vibronic coupling present in Benzene [22,26)
may also change. As can be seen in Table 1, in all
cases where methyl groups are introduced, the
fluorescence rate constant, &y increases while the
change in the intersystem crossing rate constant,
kgr, 158 much smaller. As a result the fluorescence
quantum yield, y, increases in all cases. For
example, ¥ for compound (1) is four tmes as
small as that of compound (6). The sole reason for
this is the decrease in the molecular symmetry,
from Dg, to Cg Thus, the S;— 5 transition is
more allowed, although the nature of the transi-
tion remains the same. The oscillator strength, f,
of 83— 8, increases and hence, so does &y (from
0235107 to 102107 s7 '), This is due to a
reduction in symmetry, which can be verified by
considering the difference between compounds (1)
and (7). If the three methyl groups are introduced
symmetrically, k; increases 2-fold accompanied by
a slight decrease in kgy and hence, a 2-fold increase
in y. Compound (7) belongs to a higher symmetry
group than compound (6) and so, the increase in f
and consequently y 18 not as great. We can
conclude that the main effect produced by the
introduction of methyl groups onto a benzene
molecule is the decrease in the symmetry group.
This leads to the increase in the oscillator strength
of the x-band and consequently to an increase in
kg, changes in kgr are small. The effect of the
changes in molecular symmetry on kgyp 15 easily
traced by comparison of compounds (2), (5) and
(7)., where there are slight decreases in kgr as the
symmetry increases (ke TWhked5) =0.75, kg 5)
ker(2)=0.83). The difference i kgr for com-
pounds (3) and (4) can be explained by the steric
hindrance to torsional vibration when the methyl
groups are on neighbouring atoms, as in com-
pound (3). However, 1t should be pointed out that
the difference in &gy between compounds (3) and
(4) 15 within the error limits associated with the
experimental measurement, hence this difference
may be accidental.

Thus, the direct effeet of CHy groups on kgr in
compounds (2=T) is not very clear. Many, some-
times opposing changes can oceur, such as a
decrease in symmetry (causing a change in spin-
orbit coupling), a change in the intensity of
vibronic coupling and so on.

3.2, Stronger donor substituted benzene derivatives

Compounds (9, 11-13) belong to class IV,
showing a low or non-structured absorption
spectrum and a broad, diffuse fluorescence spee-
trum. Compounds (8) and (10} belong to class V.
In all cases, the introduction of the strong donor
onto the benzene ring changes the nature of the
Sy— 8 transition from 'A =0, to '4 =L,
There 1s an accompanying increase of f, between
13 and 27 tmes. Moreover, the orbital nature of
the 8 state is changed from an* to ol o*. an*
states are formed via m—n* transitions, while
al . * states are formed via [ — a, transitions. The
quantum yield of fluorescence remains almost
unchanged for compounds (8, 9, 11) but increases
significantly for compounds (10, 12, 13). In all
cases, kgp 18 dramatically larger than that of
benzene. This increase can be explained as follows.
The excitation of the S;— 8, transition 15 locahzed
largely on the donor group. In compound (11) this
localization is = 3(F%. These donor groups contain
either nitrogen or oxygen atoms (both of which are
heavier than carbon). In addition, rapid collisions
with solvent molecules cause the donor groups to
undergo out of plane nternal rotation and vibra-
tional motons. Henee, the increase in kgyr could be
explained by four factors: (i) the decrease in
molecular symmetry; (i) the internal heavy atom
effect; (ii1) the change in the §; orbital nature; and
(1v) the disturbance of the donor group.

Two striking observations can be made. Firstly,
compounds (8) and (10} have identical absorption
and fluorescence spectra and vy, and Avegp are
almost the same, but kg is very different (36.5 x
107 and 5.76 % 107 s, respectively). This can be
explained as being due to the much smaller mass of
the OH donor group compared o OCH4. Internal
rotation and vibrational modes will be of higher
frequency for the OH donor group which will
increase the Franck—Condon factor [23] for the
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8y ~+ T; process. This is determined by the overlap
of the zeroth vibrational wavefunction, vy, of the
81 state with the kth active vibrational wavelunc-
tion of the T; state (the lower &, the greater the
overlap) [27.28]. The second striking observation is
that kgp for (12) s larger than for (10) even though
a decrease might be expected, since compound (12)
belongs to a higher symmetry group. A similar
pattern is not seen when comparing compounds
(11y and (13). The most probable explanation of
these facts 15 the following. In compound (12),
there are two atoms that are slightly heavier than
carbon, while in (10) there is only one, hence an
enhanced intersystem crossing rate. This effect is
not as pronounced m compounds (11 and (13)
since nitrogen s lighter than oxygen and so does
not promote spin-orbit coupling to the same
extent. Hence, in compound (12) the internal heavy
atom effect (although small) prevails over the
effect of molecular symmetry, while in compound
(13) the effect of the molecular symmetry is
dominant.

3.3, Denor devivatives of naphthalene

Compounds (14=-20) belong o class 1 while
compound (21} belongs to class IV, Asin the case
of the benzene derivatives, the methyl and stronger
derivatives of naphthalene are affected by the
decrease of symmetry. However, the position of
substitution is also important. Substitution in
position ‘17 mostly affects the 'A — 'L, transition,
while substitution in position ‘27 aflfects both the
'4 =0, and 'A4 —='L, transitions. In all the
substituted naphthalene derivatives, f. of the
Sp— 8 transition mereases (compared o naph-
thalene) although the nature of the transition is
only different in compound (21). As for methy-
lated benzenes, kgp values for the methylated
naphthalenes show no particularly  significant
change. The observed increase in y is explained
by the increase in k. The higher value of kg of
compound (18) could be explained by the greater
degree of allowedness of 14 —Dth. The more Sy—
51 becomes allowed., the more the §p state can mix
with the T; triplet levels below it

The stronger electron donors produce o large
increase o kgp, although the magnitude of the

increase depends on the position of substitution.
Introduction of OH into position ‘2" produces a
larger bathochromie shift of the z-band than in
the case of substitution into position ‘17 The kgt
value of compound (20) is lower than that of
compound (19) although they have the same (C))
symmetry and hence all T, levels are allowed to
mix with §;. The explanation of this behaviour is
very simple. The PPP simulations show that in
compound (20} there are only four triplet levels
below Sy, while in (19) there are five. The energy
gap between 8 and Ts in (19) is =480 cm™ '
Thus, 8~ T intersystem crossing channel 15 very
effective, while in compound (20) this channel is
significantly suppressed because the Ts level lies
640 cm ' above 51. Moreover, in compound (19)
the §,-Ty energy gap is 1050 cm ™', while in
compound (20) the corresponding gap s 2750
em™ ' This results in the $y~Ty channel also
being quite effective in compound (19). In com-
pound (21), the NHa donor group mainly alfects
the '4 =1L, transition polarized along the short

and the orbital nature of the 8, state changes from
ar* to mim* f, increases by a factor of 48
(compare with compounds (19) and (20)) and ker
increases by a factor of 15, As a result, y increases
from 0.20 to 0.46.

3.4. Donor devivatives of biphenyl

Compounds (22=25) belong to class 111 and (26,
27) belong to class 11 This difference between
compounds (22=25) and (26, 27) could be ex-
plained by the following. The essenual bond
joining the phenyl rings of compounds (22-25)
acquires g certain amount of double bond char-
acter as a result of the Sy — 5 transition and so the
rings are forced mto a more planar configuration
[3]. In compounds (26, 27) the 8 state is formed by
an /—a_ transition which usually washes out the
vibrational structure [2]. In all these cases of
substitution of the biphenyl parent molecule, the
symmetry decreases from Ds o G (compounds
23=25, 27) or € (26). The osallator strength
increases for each, except in the case of (25). This
anomaly is due to the steric hindrance to torsional
motion about the bond between the phenyl rings.
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kgr inereases in all cases, especially for (25), again
due to steric hindrance. As a result, y drops from
0.16 (22) to 0.01 (25). The decrease in kg between
compounds (26) and (27) s explained by the
increase in the symmetry group. Thus, in all cases
of donor substituted biphenyls, kg increases and

the change in p is determined by the changes in Ky

and kgp.
3.5 Donor derivatives of anthracene

Anthracene (28) belongs to class 1, while com-
pounds (29, 30) belong to class 11, since the NH3
group lies out of the plane of the anthracene
fragment. When the amino group is substituted
onto anthracene, the symmetry decreases [rom Dag
to Oy In both (29) and (30), the long-wave
absorption band differs in nature to the '4 = 'L,
band of anthracene. Substitution in position ‘1°
mainly affects the p-band, which undergoes a large
red shift and scquires ol m* orbital nature. Sub-
stitution in position “2° mostly affects the x-band,
which undergoes a large red shift and also acquires
ml,m* orbital nature. (Therefore, the long-wave
absorption bands of (29 and (30) cannot be said
to be p- or x-bands, but are completely new bands
formed by the Sy — 81z -+ transition. ) Substitution
into ether the ‘17 or ‘2" positions leads to a
significant decrease in kgr. The dramatic change
in the nature of the §; state and its position
changes the system of triplet levels lying below the
8y state. The major contribution to kgr in anthra-
cene is the 8~ Ty channel [26]. However, m (29)
and (30) this level is sitnated much higher than the

8y state. The slight difference in the values of kgr

for (29) and (30) 15 for the same reason as in
compounds ( 19y and (200, The role of the Ty state
in the intersystem crossing process in anthracene
was discussed in Refll [26].

3.6, Methyl devivatives of 2-azaanthracene

Compounds (31=35) belong o class 1. These
compounds are of special importance for the
achievement of the objectives of this study, since
introduction of methyl groups onto 2-azaanthra-
cene does not change the symmetry group, nor
does it significantly change f.. Moreover, these

compounds have the same degree of planarity (i.e.
the longwave absorption band and fluorescence
spectrum have the same vibronie structure). This
series of compounds should allow the direct effect
of the weak donor (methyl group) to be elucidated.
Simulations using the INDOYS method show that
Z-azaanthracene and its methyl derivatives belong
to the spectral-luminescent class V [29]. In other
words, the Too» state 15 situated above Sps. In
order to completely eliminate the Sy = Tppe
Ters channel of depopulation of the 8.+ state,
compounds [31-35) were dissolved in ethanol.
This decreases the energy of 8.+ and increases
the energy of the Tpee level due to hydrogen
bonding [2,22] Hence, the energy gap between
Tyrs and Spoq« is definitely = 1000 cm ™" [4,29].
Analysis of the fluorescence parameters of these
compounds shows that the methyl groups cause a
small decrease in kp, a small increase in kgr and
consequently, a cumulative decrease in p (which is
observed to steadily decrease from (31) through
(34) as the number of methyl groups mcreases).
Compounds (31=35) were actually studied in both
eyclohexane and ethanol. The quantum yields of
fluorescence of these compounds in cyclohexane
are (.36, 0.34, 031, 0.29 and 0.31, respectively.
The effect of the methyl groups in this case is
mixed with the effect of the increase in the Sppe—
Sizme cnergy interval [4].

Analysis of Fig. 2 shows that the absorption
spectrum of Z-azaanthracene is quite different to
the absorption spectrum of anthracene. In anthra-
cene, the z-band (' A4 = 'L4) is forbidden, while it is
allowed and clearly resolved in 2-azaanthracene.
The p-band in 2-azaanthracene is sensitive to the
solvent and pH of the medium, while the x-band is
practically unaffected. PPP-CI simulation also
confirms that the x-band of Z-amanthracene is
allowed. It is the low (Cg) symmetry that accounts
for the allowed nature of the a-band. The absorp-
tion spectra of the methyl derivatives show wvery
few differences from the spectrum of 2-azaanthra-
cene, except that the p- and a-bands are more
separated and better resolved, which is obvious
from Fig. 3(b).

Finally, it 1s necessary to say a few words about
the effect of deaeration, although this was not the
objective of the study. In all cases, deaeration
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caused anincrease in p and the size of this increase
is dependent on tp It is most probable that this
effect is brought about merely by quenching of the
excited 8§ state by oxygen in the non-deaerated
solutions. The effect of changing the pH to 2 (see
Fig. 2) could be explained by the different
contribution of the N atom in the §;__+ (p-band)
and Sagoe (z-band) states. During the 5, -5,
transition, the m-electron density increases on the
N atom, whilst during the Sy — 5, transition the z-
electron density decreases on this atom. This
would also explain the difference in the effects of
ethanol upen the p- and x-bands.

4, Conclusions

From the experimental and guantum chemical
data discussed in this paper, the following conclu-
sions may be drawn about the influence of methyl
and stronger donor groups on the fluorescence
parameters and kgp.

1) Introduction of methyl groups onto aromatic
compounds may produce different effects: (a)
there may be a change in the symmetry group
and hence kgr and ke will change. (b) There
may be increased steric hindrance and hence &y
will decrease and kgr increase.

2) If there is no change in molecular symmetry or
planarity upon introeduction of methyl groups,
then there will be a slight decrease in kyand a
slight increase in kgr. Torsional vibrations of
the methyl groupis) could explain this.

3) Introduction of a strong donor group usually
produces dramatic changes in all of the
fluorescence parameters. This is not only due
to the decrease in symmetry group but also
due to changes in the nature of the §; state.
Introduction of a strong donor usually causes
a significant increase in kg This 1s explained
by the presence of O andfor N atoms (which
are slightly heavier than C)in the donor group
and by the zf m* orbital nature of the 8 state
(which mixes more readily with the T; states
than 8iee+) [2]. It 15 commen for y Lo increase
as well, since Ay usually increases more than

kg']'.

4) In many cases the effect of methyl and other
donor groups on the {luorescence parameters
depends on the position of substitution as well
as the change in symmetry. Introduction in
different positions causes different effects on
the p- and x-bands.

The trends outlined in this paper could f(ind
practical use in cases where the fluorescence
parameters of 1 compound need to be changed
in a necessary direction.
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