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The present study was initiated in order to 
obtain uniform data on the o-o triplet energies of 
a series of bcnzo- and acetophenones under study 
as sensitizers in the photochemical cycloaddition 
of isophorone to 1 ,1 -dimethoxyethylene. (1 )

A recording emission spectrograph with life
time measuring capabilities was constructed from 
available equipment. Emission spectra were ob
tained at room temperature from solid sample 
crystals formed on 2mm. soft glass rods. Lifetime 
data were gathered utilizing a rotating can shutter 
on the same samples, and where possible, lifetimes 
were calculated.





Background
Since the work of Lewis and Kasha (2) on the 

nature of delayed emission arising from the triplet 
states of organic molecules, nximerous studies on 
phosphorescence emission have been undertaken.

The process is initiated by an electronic 
excitation of a molecule from the singlet ground 
state, S0, to an upper vibrational level of an 
excited singlet state. This is followed by a rapid 
(approx. lCT-^sec. (3 )) vibrational decay (internal 
conversion) to the lowest vibrational level of the 
first excited singlet state (S-^jzO). Fig.I

From this level, the molecule can undergo 
deactivation by fluorescence emission, 3j~rS'Q, with 
a lifetime, r f , of lO“^ t0 i q -9 sec. (4 )

The molecule can instead undergo intersystem 
crossing (ISC), a radiationless transition from 
to the nearest triplet, where it rapidly falls to 
the lowest triplet, T1# This process, a forbidden 
transition because of the change in spin state, 
takes 10"? to 10~^0 sec. In the presence of singlet- 
triplet perturbation caused by polarizable groups 
or extended conjugation, ISC can compete effect
ively with fluorescence. (5 )
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FIGURE I
Photophysical Processes in a Simple Organic Molecule

A Absorption
B,F Internal Conversion (IO
e Fluorescence
D,G Radiationless Decay
E Intersystem Crossing (ISC)
H Phosphorescence
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From the state, deactivation can take place 
by phosphorescence emission, T̂ -̂ Sq , with lifetimes 
ranging from 10 to 10**̂  sec. (4 )> or by quenching, 
a process involving energy transfer (ET) of triplet 
excitation to a neighboring molecule possessing an 
unoccupied triplet of lower energy. Energy transfer 
is the basis of sensitized photochemical reactions.
A sensitizer molecule, which upon irradiation pro
duces a high concentration of triplets, transfers 
its triplet excitation to a reactant molecule with 
e lower unoccupied level.

The allowedness of an electronic transition 
is reflected in its lifetime. A lifetime of 1 0“  ̂
sec. or leas indicates a completely allowed transition, 
while a longer lifetime indicates a certain degree 
of forbiddenness. (6 )

The possibility of radiationless decay from 
and must not be excluded. This involves a 

vibrational deactivation of the excited state, and 
is described in terms of electronic and vibrational 
wave function overlap between electronic states. (7 ) 
Turro (5) states that every 3^ which does not 
fluoresce passes on to T1# Thus, only radiation
less decay from Tp to Sq need be considered.
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A radiationless transition between and Sq 
usually competes unfavorably with emission because 
of the relatively large energy gap between these 
two states. (8 ) Collisional deactivation and im
purity quenching, however, can play major roles in 
triplet deactivation, and have plagued emission 
studies attempted in liquid solutions. (9 )

Unlike fluorescence emission, in which the 
similarity between vibrational levels of electronic 
states of the same spin state results in a »mirror- 
image f relationship between absorption and emission 
spectra, the bands of phosphorescence emission 
appear different from those of absorption. (10)
This is due to the influence of the spin state on 
the dipole moment of the molecule.

Phosphorescence appears at longer wavelengths 
than fluorescence, because the lowest triplet, T^, 
is lower in energy than the lowest excited singlet, 

Tiie Phosphorescence band of highest energy 
(shortest wavelength) results from the transition 
between the j=o vibrational level of to Sq , j=o. 
The energy of the lowest triplet is determined 
from emission spectra from the wavelength of the 
0 -0 peak maximum. (2)



Instrumentation
Expold mental studies of phosphorescent species 

employ phosphorescopes or phosphorlmetera of various 
design and response capabilities. These instruments 
employ some sort of rapidly moving shutter mechanism 
with which emission can be studied with 10**5 to 10 ~ 6 
second delay after cutoff of the excitation source, 
thus eliminating the relatively shorter-lived 
fluorescence. (1 1 ) Recently, gated nanosecond 
Phosphorimeters employing integrated circuitry have 
come into use. (1 2 )

Lifetimes are determined by assuming a first 
order decay of the excited molecule in calculations 
including instrumental parameters. (1 1 )

Spectra are recorded as total emission with 
or without the use of a shutter mechanism, utiliz
ing photographic densitometer tracings or amplified 
photomultiplier signals. (1 3 )

Samples for study are commonly dissolved in a
wide range of solvent mixtures in concentrations

-2 -5ranging from 10 to 10 M and purged of oxygen 
(an excellent triplet quencher) by nitrogen bubbling 
(14) or freeze-pump-thaw cycles. (1 3 ) They are 
then cooled to liquid nitrogen temperature (7 7 5K) 
for phosphorimetric determinations.

8



Different investigators often report different 
values of the o-o triplet energies of many compounds 
used as sensitizers in photochemical reactions» 
Hammond (13) states that this is chiefly due to 
variations in conditions, particularly the solvent 
systems, utilized by different workers. He suggests 
the use of EPA (ethyl ether, isopentane, ethyl al
cohol ; $:5 :1 ) at liquid nitrogen temperatures„
The commercial unavailability of isopentane in any 
form has, however, precluded any feasibility of the 
adoption of EPA as a standard solvent.

The sensitivity of the nature of the triplet 
state to the solvent matrix as explained by Simons 
(15) necessitates the use of a uniform solvent 
system in any study of phosphorescent compounds.
TJnfortunately, this uniformity has not been consis
tently maintained.

Winefordner (16) observes that intense phos
phorescence takes place at liquid nitrogen tempera
tures and low solute concentrations only when the 
matrix breaks down into finely divided particles, 
or ’snows1. This effect is attributed to the 
multiple scattering of light within the sample cell. 
A further observation is made concerning the ’salt
ing out’ effect as predicted by Debye. In degassed
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liquid solutions, Winefordner notices an increase 
in phosphorescence intensity with an increase in 
ionic strength. The conclusion drawn is that 
Debye’s predictions concerning this effect are in 
error, since the phosphorescence intensity from 
molecular aggregates is expected to be less than 
that from individually solvated molecules. The 
reasoning behind this expectation is not presented.

It is beyond the scope of this study to settle 
the above controversy, as a research into the rela
tive phosphorescence intensities of small crystals 
and solvated molecules seems indicated.

Phosphorescence emission from solid crystals 
has been successfully utilized by many workers (17), 
(18), illustrating the feasibility of obtaining 
emission spectra from solid organic crystals at 
readily available temperatures.

Theoretical
An aromatic ketone possesses two types of con

figurations , one consisting of the n electrons of 
the carbonyl system, the other consisting of the 
it system of the molecule. El Sayed (19) explains 
that the intersystem crossing (ISC) rate depends 
not only on the energy difference between the first
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excited singlet and the nearest triplet, but on the 
nature of these two states as well. A transition 
between different electronic configurations favors 
intersystem crossingo For example, the high ISC 
efficiency in bensophenone is attributed to a

(n,'»'*)- T2 (rr,-Tr*) transition, which is followed 
by T2 (tt/tt* ) -  T^ (n/tf*). He presumes the same is 
true for many other aromatic ketones which phos
phoresce strongly at low temperatures. (20)

Paul states that when an electron withdrawing 
group, such as CzO, and an electron donating group 
are both present in an aromatic molecule, both 
fluorescence and phosphorescence may be viewed as 
transitions between the lone pair orbital of the 
donor group and the vacant orbital of the acceptorc 
Thus, both absorption and emission are observed at 
longer wavelenghts than when either group is at
tached to the ring alone. This is known as the 
’auxochromic effect1« Since a smaller degree of 
interelectronic repulsion is present in the triplet 
state than in the singlet state, however, only small 
shifts in the phosphorescence maxima are expected« 

According to Paul, the methyl group neither 
donates nor accepts electrons, but influences the
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polarity of the parent molecule, which may shift 
the phosphorescence maxima either way depending on 
its position within the molecule«, (2 0)

Turro (4) states that the presence of heavy 
atoms in a molecule enhances spin-orbital coupling, 
increasing spin-change transitional probabilities. 
Thus, one expects to observe a decrease in phosphor 
escence lifetime with an increase in polarizability 
of the substituent group. This idea is supported 
by observations made on halo derivatives of benzene 
and naphthalene (5 )> but may tend to become more 
complicated for a series of substituted aromatic 
ketonesp in which the carbonyl group already exerts 
a great influence.

The data obtained in this study should bring 
to light some effects on phosphorescence of various 
heavy atom substituents on aromatic ketones.
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The Speotra
Emission speotra of a series of para substi

tuted. benzo- and acetophenones in crystalline form 
at room temperature were taken to determine the 
o-o energies of the lowest triplet (T^). (Appendix)

The results are presented in Table I and com
pared with values from the literature obtained 
in dilute solutions at 77°K. The only marked 
difference between experimental and literature 
values is that the T^ energies of the 4-hydroxy 
ketones are lower in crystals than in dilute frozen 
solutions. This is probably due to the presence 
of hydrogen bonding in the crystals, where strong 
intermolecular interaction is likely to be present.

Examination of Table I illustrates the fact 
that there is very little substituent effect as the 
groups are varied. The low triplet energy of 4- 
nitroacetophenone proves to be the one exception. 
This could be due to the charge-transfer effect as 
explained by Tanaka. (21) During excitation, a 
charge is pictured as transferring from the phenyl 
ring to the nitro group. Thus the nitro group, 
and not the carbonyl, could be involved in the 
emission from this compound.



TABLE I
Lowest Triplet Energies (ET ) in Kcal/Molea

Compound. Exp. ̂  Lit „ c
4-Hyd.roxybenzophenone
4-Methylbenzophenone
4-Methoxybenzophenone
4-Bromobenzophenone
Benzophenone
4 -Chlorobenzophenone
4-Ni t robenzo phenon e
4-Bromo a c et ophenon e
4-Methoxyacetophenone
4 -Hydroxyaoetophenone
4-Nitroaoetophenone
Anfchrone
Xanthone

70.0 75.7(18)
69=5 68.6(18)
6 8 .8 68.6(18)
68.7 68.9(18)
68=5 68.2(18) 69.4(17)
68.3 68.3(18)
68=3
70=9 71=2(18)
69.1 71.8(18)
69=0 78 . 4 (1 8 )

66.1 60.9(18)
75.6 72.0(17)
74.4 70.9(17) 74.2(27)

a set in order of decreasing energies of parent 
molecule series in Experimental column.

b ¿0 = 2 ICcal; determined in crystals.
c determined in various solvents at 77 K.
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TAKLE II
(7r,7r*) Absorption Maxima of Substituted Aceto- and 
Benzophenonea, in nzn (26)

Compound:

Solvent
X Heptane Alcohol
CH3 247 -
OH 301 -
H 320 -
Br 320 256
I 326 265
sr 320 276
OMe - 277

Compound:

X Alcohol Met
CH3 - 259
OH - 289
H 253 -
CI 260 -
OMe 283 —
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A comparison of the above results with the ab
sorption maxima of a similar series (Table II), shows 
that while the (Tf,7T*) absorption maxima are strongly 
affected by the nature of the substituent group by 
a bathochromio shift with increasing group size, the 
triplet energy remains basically constant« The 
overall effect of the various para substituents on 
the o-o triplet energy is, therefore, very small.

Paul (20) suggests that this is due to the 
relatively small amount of interelectronic repul
sion present in the triplet state, as mentioned pre
viously.

Lifetimes
A study on the effects of the various groups 

on the phosphorescence lifetime was undertaken, to 
determine what effects the presence of various para 
substituent groups have on the phosphorescence 
lifetimes of aromatic ketones in crystalline form.

Lifetimes were determined by calculation of 
shutter characteristics as suggested by Winefordner« 
(11) The results of these calculations (Table V), 
along with relative intensity readings taken at 
three shutter speeds normalized to each compound’s 
maximum intensity (Table VI), were substituted into
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the equation:

tx =  * W ^ ) e x p ( t D» / V )( l-e x p (tE t t n/r) )2
l-exp(te/r) , (li)

where ex. represents the relative phosphorescence In
tensity at a given shutter speed, tc is the time of 
one exposure/emission cycle, tD , and tE , are relative 
delay and exposure times independent of shutter 
speed, and nr is the phosphorescence lifetime. The 
data for two different shutter speeds were substi
tuted into two equations of the above form. These 
two equations were then solved simultaneously for T. 
Since determinations were made at three different 
shutter speeds for each compound studied, there were 
three sets of two simultaneous equations which could 
be solved. The sets of equations were solved on an 
IBM 1130 computer utilizing a Fortran program, an 
example of which is presented in Figure VI. The 
minimun observable lifetime was calculated to be 
7.33 x 10" 4 sec. (Table V)

The results of the lifetime calculations were 
averaged and compared. Of the thirteen compounds 
studied (Table VII), only five, benzophenone, 4-chloro- 
benzophenone, 4-bromobenzophonone, 4-methoxybenzo- 
phenone, and 4-bromoaoetophenone showed lifetimes



greater than the instrumental limit. (Table VIII)
The short phosphorescence lifetimes of the para- 
hydroxy substituted ketones in crystalline form is 
most likely due to intermolecular hydrogen bonding, 
similar to the lifetime shortening due to the intra
molecular hydrogen bonding in 2-hydroxyacetophenone 
mentioned by Wineforaner. (22)

Since 4-bromoacetophenone was the only member 
of the acetophenone series studied with a measurable 
lifetime, only the benzophenone series is discussed 
below.

Y/ithin experimental uncertainty, the results of
the lifetime calculations (Table III) fall into two
groupso Both 4-chlorobenzophenone and benzophenone
in crystalline form have lifetimes of approx. l c2 x 

—310 sec. The 4-bromo- and 4-methoxy- benzophenones 
in crystalline form have lifetimes of approx. 2 .2 x 
10 "3 sec., about twice that of benzophenone. It 
seems apparent from these results that as the polar
izability of the para substituent on benzophenone is 
increased, the phosphorescence lifetime increases.

Lifetime data obtained by Ermolaev (Table IV) 
and Winefordner (22) from dilute solutions at 77°K 
confirm that this is indeed the case. It is inter
esting to note from Ermolaev's data (Table IV) that



TABLE III
Phosphorescence Lifetimes, T p , in Crystalline Form, 
x 10  ̂ sec.

Compound Tp
4-Bromoacetophenone 0.910.2
4-Chlorobenzophenone 1 .1+0 .2
Benzophenone 1.310.4
4-Methoxybenzophenone 2.1+0.4
4-Bromobenzophenone 2.2+0 .4



TABLE IV
Rate Constants for Triplet Deactivation in Alcohol-Ether at 77°K (1 7 )

Compound Kphostseo”1) lp(sec; =l/Kphoa)

Acetophenone
Benzophenone

2.8xl02 3 .6xlO” 3 
1 .6xl02 6,2xl0™5

4-Phenyl-4*-methoxybenzophenone 
4-Phenylbenzophenone

2.3 4.3xl0-1  
1 .6  6„2xl0“^

4-(p-methoxyphenyl)-benzophenone 1 .0  1 .0

Compound ^radiationless decay(ae0
Acetophenone
Benzophenone

1 .7xl02
5.0X101

4-Phenyl-4 *-methoxybenzophenone 1.3
4-Phenylbenzophenone
4-(p-methoxyphenyl)-benzophenone

1.7
1 .01.0



the lifetime of radiationless decay from Tj_ increases 
with an Increase in phosphorescence lifetime. This 
is to be expected, as the perturbation between 
electronic levels caused by different substituents 
affects the allowedness of both transitionsc

Turro (4) illustrates that as the size of a 
substituent group increases, the energies of (n,n*) 
transitions increase, while the energies of (tf,tt*) 
transitions decrease. Thus, a heavy atom substituent 
could lower the (rr»rr*) T2 level of benzophenone and 
raise the T^ level to such an extent as to
exchange the levels, resulting in a (it,nr*} Tl0 
Pitts (23) demonstrates this exchange with 4-phenyl- 
and 4-amino- benzophenones, where there exists an 
intramolecular energy transfer from the (npr*) T2 
level to the lower (rr,Tr*) level due to the alter
ing 01 the electron density of the carbonyl oxygen 
by the substituent group. Ermolaev and Terenin (24) 
arrive at a similar conclusion from their study of 
the 4-phenylbenzophenoneso

Thus, the results from this investigation seem 
to indicate that the 4-bromo- and 4-methoxy- substi
tuents cause a lowering of the (nr,7f*} T2 level of 
the benzophenone parent molecule to T^ in the



23

substituted compounds. The other substituents tested, 
including the 4-chioro group, apparently do not cause 
this effect in crystalline forme The 4-nitro and 
4-methyl groups, as well as the 4-hydroxy substituent, 
seem to cause a decrease in phosphorescence lifetime 
of the benzophenone parent molecule in crystalline 
form below the instrumental limit of 7 .33x1 0 “^ sec. 
Instrumentation capable of detecting these shorter 
lifetimes would be required to study this lifetime 
shortening effect, and to obtain data on the entire 
benzophenone and acetophenone series attempted in 
this investigation»

It seems Interesting to note that the intensity 
of emission from 4-chlorobenzophenone in crystalline 
form was so great as to require a narrowing of the 
emission monochromator slit opening to about 1/3  
of the width employed in the study of the other 
compounds. Since the triplet lifetime of 4-chloro
benzophenone was found to be approximately equal to 
that of benzophenone, this cannot be attributed to 
a greater allowedness of the to SQ radiative tran
sition caused by the 4-chloro substituent. An effect 
on the relative lifetimes of radiationless deactivation 
°** cou^d De in operation. This may or may not be



duo uo the fact that the lifetimes were determined 
from crystals. Further research Into this effect 
seems to be indicated.
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Reagents
Benzophenone used in this study was Fisher 

Certified Reagent Grade obtained from Fisher Scien
tific Company, and was used without further purifi
cation. All other benzo- and acetophenones, enthrone 
and xanthone, were obtained from Aldrich Chemical 
Corporation, and were also used without further 
purification.

Instrumental
Phosphorescence spectra and lifetimes were 

obtained using a recording emission spectrometer 
constructed from equipment available in the depart
ment. (Fig. II)

A 300W clear glass incandescent bulb provided 
the excitation source. The light was passed through 
a J"obin-Yvon H-20 holographic grating monochromator 
with slits removed so as to provide maximum inten
sity and bandpass to the sample without crossing 
emission wavelengths. Emission was passed through a 
McKee-Peders en MP-1018 monochroma tor with adjustable 
slits to an RCA 931-A photomultiplier. Amplification 
was accomplished by first passing the signal through 
a MP-1009 high impedence selector set at lO^ohm, then 
through a IK gain 10?-1031 electrometer/operational
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amplifier, a MP-1006A unity gain chopper-stabilized 
operational amplifier for low drift, and finally 
through a 200 gain MP-1006A operational amplifier. 
One microfarad polar capacitors in the feedback 
loops of the first and third amplifiers served to 
filter out A.C. (Fig. Ill)

Sample Preparation
To approximately 0.5g solid sample in a 125ml 

beaker was added approximately 5ml ACS grade.acetone 
(Fisher Scientific Company). The beaker was tipped, 
and a 1 0cm x 2mm soft glass rod was dipped into the 
solution to a depth of 5cm, then removed. After 
evaporation of the solvent, a pure crystalline 
sample remained on the rod. The dipping process 
was repeated, if necessary, to ensure complete coat
ing of the rod« The 1 stick1 sample was then placed 
in the sample compartment and spectral or lifetime 
data recorded.

The beaker was rinsed with nitric acid, dis
tilled water, and acetone prior to initial use, and 
thoroughly rinsed with acetone between samples. The 
glass rods were washed with Fantastik (TM), rinsed 
with distilled water followed by acetone, then wiped 
dry with a Kimwipe (TM) 0
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Spectra
The spectra were recorded as total emission in 

the known phosphorescence ranges on a Heath 20A strip 
chart recorder set at 250mv input. The excitation 
monochromator was set at 320 nm for all samples 
studied except for enthrone and xanthone, where it 
was set at 290nm. The emission monochromator was 
calibrated against mercury emission lines at 3 6 5 0, 4047, and 5461 Angstroms. A correction factor of 
“15 Angstroms was applied to the spectra.

Lifetimes
For lifetime measurements, a shutter compart

ment was constructed utilizing a Dayton model 2M057 
6000rpm motor controlled by a Powerstat variable A.C. 
transformer0 (Fig. IV) A two-windowed rotating can 
shutter was machined from aluminum and set on a stain
less steel shaft equipped with two sets of ball bear
ings. (Fig. V) The average shutter speed at Powerstat 
settings of 50, 100, and 140V was determined for each 
setting by multiple readings from a Xenon source 
Flash-Tac Stroboscope. (Table IX) The sample holder 
for lifetime determinations was carved from wood to 
fit the shutter compartment, and equipped with an 
aluminum foil reflector to maximize intensity. (2 5)



IT CURE II
Block Diagram of Spectrometer for Emission Study

A 300W Tungsten Source E Variable Transformer for Shutter Control
B Excitation Monochromator G Signal Amplifier
C Sample/Shutter Compartment H Null/Millivolt Meter
D Emission Monochromator I Recorder
E Photomultiplier Tube ?o<o



f i g u r e  I I I

Circuit for Photomultiplier Signal Amplification

UF

Voo
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FIGURE IV
Sample/Shutter Compartment for Lifetime Determinations

L

i!r̂ !

- — rr *i «

h

-Sample Holder

-Shutter

6000 rpm Motor
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Rotating Can Shutter for Lifetime
FIGURE V

Determinations

2 .5  C m
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FIGURE VI
Fortran Prog rena Used for Lifetime Calculations

i
P A G E  1 
// .J03 T
//“FOR------ -------
♦LIST SOURCE PROGRAM 
ICCSfCARD.1132 PR INTER,DISK)
--- CALCULATION OF THE TRIPLET LIFETIME OF

BENZOPHENONE
JOHN F. SCHABRCN FEB. 5. 1975
CALCULATION FROM MEASURED INTENSITIES AT 140 AND 100V SHUTTER SPEED 
DATA TCA.TCB/.00517,.00665/
DATA AtB/100.»68.2/

.... DATA"TE.TD/.172,.328/
DO 3 M=1,100 
DO 4 1=1,1000

-----Y* FLOAT (M)  ............  .... ............ —  •
Z=FL0AT(I)
Q=?>(Y-l1*1000,

-----T = Q*. 0001 ' --------- " —  ------ -- - . ' —
C=1/EXP(TD*TCA/T!
P=l/EXPtTE*TCA/T)

~ ---R=1/EXP(TCA/T) ......... .... ......... .. - ~
D=l/EXPtTD*TC3/T)
E=1/EXP(TE*TCS/T)
D -l/ E X P IT C B / T  J " -------------------- “  -------- --------- -----------
AA=(T/TCA)*C*((1-P)**2)/A*(1-R)
AB=(T/TCB)*D*111-E)**2)/5*<1-U)

-----1 FT A A- A3 75,5,4    -------  ' ------ ""  
4 CONTINUE 
3 CONTINUE
5~WRTTE'tSiTCOTT ~ ~ —  ------------------- """ .................................................. ... .....................................

100 FORMATi4X'THE TRIPLET LIFETIME IS' .F13.10, ' SECONDS' )
CALL EXIT

FEATURES SUPPORTED

CORE REQUIREMENTS FOR
COMMON------0 -'VARIABLES- 46 PROGRAM 304 “ - -----i
¡END OF COMPILATION 
// XEO ,
,j— THE TRLPLET"LIFETIME" 13 0.“00T0999999 SECONDS -----  ---g I



TABLE V
Shutter Characterlstlc s a *̂

Power-Stat 
Setting. V 9 (speed), rpm 7» * S  6 0  050 3135 ±4% 9 . 6 £0.4 xl0~3100 4508 ±0.3% 6 . 6 5  £0 .03  Xl0~3140 5800 £0.0% 5.17 £0 .00 xl0~3
tE ,= 0 .1 7 2  

0.328
tdr 7.33 xlO"^ sec.

where
t Z 60/29 c exposure/emlsslon cycle time
tEtr L/ r relative exposure time
t])t2 (g r-L)/r relative delay time
td- (5 r-vy)/0.1059r minimum detectable lifetime
and
Lz cell compartment window width! Io20cm
Wz shutter window width! 2.50cm 
r! shutter radiusz 2.22cm

a after Winefordner (1 1 ) 
b Also see Fig. V and Table IX.



TABLE 71
Intensities (mv) and Relative Intensities of Phosphorescence at Three Shutter Settings

Shutter Setting, V.
140 100 52,

Compound mv,¿2 Rei« Intenso mv,+2 Eel. Intenso mv, + 2 Eel. Intens.
Benzophenone 22 100a 15 68 8 36a
4-Chlorobenzophenone 400 100 300 75 n o 28
4-Bromobenzophenone 46 100a 42 91 32 70
4-Methoxybenzophenone 36 100a 32 89 28 78
4-Bromoacetophenone 24 100a 14 58 4 17a

a Significant figures restored following lifetime calculations« (Table Till)



TABLE Vir
Instrumental Settings for Lifetime Studies

Compound________________Excitation, nm Emission, nm Emission Slit./^
Benzophenone 360 448 5970
4-Bromobenzophenone 365 480 5970
4-Chlorobenzophenone 365 448 2000
4-Hydroxybenzophenone 365; scanned 470 5970
4-Methylbenzophenone 320; scanned 415? 480 5970
4-Methoxybenzophenone 365 470 5970
4-Nitrobenzophenone 320; scanned 480 5970
4-Bromoacetophenone 340 440 5970
4-Hydroxyacetophenone 320; scanned 480 5970
4-Methoxyacetophenone 320; scanned 480 5970
4-Nitroaoetophenone 320; scanned 480 5970
Anthrone 300; scanned 440 5970
Zanthone 300; •scanned 430 5970



TABLE Vili
Results of Lifetime Calculations at Three Shutter Speed Combinations, in sec. zlO3

~ — -ter S~—t-in^3 > y---I§g.zoPfaenone 4-Chlorobenzophenone 4-Bromobenzophenon<
140/100
140/50
100/50
Average:

lei
1.3
1=4
1 = 3 +0o4

1.3
1.1

1 . 0
1.1 +0.2

1.8

2.32 . 62 . 2 +0 . 4
Shutter Settings, V 4-Methoxybenzophsnone 4-Bromoacetophenone
140/100
140/50100/50
Average:

1.9
2.12 .2
2.1 +0.4

0.9
0,9
0.9
0.9 +0=2

V)0>



TABLE IX
Determination of Average Shutter Speed

Power Stat
Speed Readings, rpm Avg. Speed, rum

50 2980, 3080, 3 1 6 0,
3240, 3220 3135 ±.4%

100 4510, 4480, 4510,
4510, 4530 4508 t0=5%

140 5800, 5800, 5800,
5800 5800 £0.0%
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