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Spectra and quantum yields of the title compounds taken
with a Turner corrected spectrum spectrofluorometer are
carefully tabulated. Our spectra of quinine suifate and of
fluorescein are compared to other corrected spectra by a
simple ratio method, which is suggested as generally
useful. The effects of chemical substituent changes on
the fluorescence spectra and quantum yieids of 9,10-
bis(phenylethynyl)anthracene are shown.

The spectra and quantum yield of fluorescers are of
both scientific interest and of practical value. We have
had difficulty finding data which we can use in our own
work. The present paper mainly concerns several substi-
tuted 9,10-bis(phenylethynyl)anthracenes (BPEA’s).

The instrument used for this work was the Turner
Model 210 spectrofluorometer (75) which automatically
corrects the emission spectra and the excitation energy.
We were interested in determining the accuracy of these
corrections by comparing standard spectra.

A recent publication by Meihuish (77) listed 11 spectra
taken of quinine sulfate on different instruments. He
noted the difficulty of reading values off small published
graphs. We have noted the same problem. Only in a 1960
articie of Melhuish (9) have we found a tabulated spec-
trum which warranted much detailed comparison with our
own spectrum.

We have attempted to make our spectra useful for
comparison purposes. They are all taken at low concen-
tration to avoid reabsorption and are tabulated at a fairly
close wavelength interval and normalized at the peak.

The choice of giving emission vs. wavelength rather
than emission vs. frequency was made deliberately, de-
spite suggestions that only the latter be used (77, 74).
Our instrument reads in wavelength, and the data have to
be transformed mathematically to frequency. In the pro-
cess, some precision is lost. We think data should be
presented in its original form and transformed by the user
to fit his needs.

Experimental

Synthesis of substituted 9,10-bis(phenylethynyl)anthra-
cenes. These compounds were prepared from anthradiols
by the method of Donner et al. (§). BPEA and 1-chloro-
-BPEA (1-CBPEA) were obtained from Michael Rauhut of
American Cyanamid. 2-Chloro-BPEA (2-CBPEA) was de-
scribed previously (5).

Data on the precursor anthradiols and substituted
BPEA’s prepared by us are shown in Table I. All the com-
pounds gave satisfactory analysis for C. H, and F. The
structure of BPEA is shown in Figure 1.

Our abbreviations for the substituted compounds are
2-EBPEA (2-ethyl-BPEA)}, 1-PBPEA (1-phenyl-BPEA),
1,4-DMBPEA (1,4-dimethyl-BPEA), and 1,4-DPBPEA
(1,4-diphenyl-BPEA).

Other materials. Benzene was spectro grade from Ma-
theson Coleman & Bell. Dibutyl phthalate (DBP) was a
special photographic grade from Eastman-Kodak and

' To whom correspondence should be addressed
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was used after filtering. Tertiary-butano! (t-BuOH) was
analyzed reagent grade from Baker.

Aqueous solutions were made from distilled water. The
NaOH solution was made with Harleco concentrate and
was stored in polyethylene bottles. Reagent grade sulfu-
ric acid from Allied Chemical Co. was used in making up
quinine sulfate solutions, and these were stored in glass.
Quinine sulfate was from Merck and Co. Some was used
as purchased and another sample had been recrystal-
lized by Fletcher (3).

Uranine (or sodium fluorescein) was purchased from
Harleco. We purified additional samples in two ways:
uranine was recrystallized from isopropanol and ether; or
fluorescein diacetate was prepared, recrystaliized several
times, hydrolyzed to the sodium salt, and the fluorescein
precipitated in its acid form [method of Orndorff and
Hemmer (72}]. These samples gave results similar to the
original. 9,10-Diphenylanthracene (DPA) was purchased
from Aldrich Chemical Co. and was used without purifica-
tion.

Table |. Substituted 9,10-Bis{phenylethynyl)anthracenes
and -9,10-Anthradiols

Position, no.,

: ~ Anthradiolsa Anthracenes
and kind of
substituents Mp, °C Formula Mp, °C  Formula
2-Ethy! 166-167> CioH20,  171-174¢ CioHae
Z'f'BUty| 170-1714 Cs;Hz50z 147-148 .5¢ C“Hgs
1,4-Dimethyl 204-207%/+%  CgH2,0,  176-177? CiyoHap
1,4,5,8-Tetramethyl 275-280%*  CyH:0- !
1,4,6,7-Tetramethyl 199-200/%  CjHyO,  230-231% CssHys
1,4,6,7-Tetramethyl 271-273¢ Ci4H250:
(meso)
l,5-Dieth0Xy 191-192:+¢ Cg4H2504 213-215¢ Cg;HQst
1,5-Diethoxy 256-258m CsiH20.
(meso)
l-Phenyl 114-1174 CgeHg;O-} 192-1938 CseHgg
1,4-Diphenyi 185-190¢ CioHa0,  237-2387 C.aHas
1-Fluoro 190-192¢ CysH gFO, 232-233% CsoHi-F

e Except where indicated, these diols are probably a mixture
of dl and meso-epimers. ? Recrystallized from benzene. ¢ Re-
crystallized from cyclohexane. ¢ Recrystallized from ethanol.
¢ Recrystallized from cyclohexane-hexane. / This diol formed a
very stable monodioxanate. # The monoadduct (phenylacetyl-
ene: dimethylanthraquinone, 1:1) melted 179.5-180.5° after re-
crystallization from cyclohexane. * The monoadduct (phenyl-
acetylene: tetramethylanthraquinone, 1:1) melted 249-250°
after recrystallization from benzene. The infrared spectrum
showed both OH (3420 cm ~*) and CO (1645 cm ™). i Conversion of
the anthradiol to the substituted anthracene in the usual man-
ner gave a material which was easily soluble in benzene or cy-
clohexane; solutions had an intense orange-red fluorescence.
However, both the color and fiuorescence rapidly disappeared
from solutions exposed to air and light. Analysis of the recov-
ered product suggested a photodioxide. / Recrystallized from
cyclohexane-benzene (8:2). * The monoadduct melted 191-193°
after recrystallization from benzene. ! The monoadduct melted
160-161° after recrystallization from cyclohexane. ™ Recrystal-
lized from toluene.



Instrumentation and procedures. All the measurements
were done with a Turner Model 210 spectrofluorometer,
Serial No. D110. Fletcher (6) reported earlier fluores-
cence studies with the same instrument. The precision
with which emission peak areas can be repeated is about
the same now as when he used the instrument. Thus, a ¢
of about 3% can be obtained by a reasonable number of
repetitions.

This instrument permits one to measure absorbances
with the same monochromator and slit as are later used
for excitation in fluorescence studies. This is valuable
when exciting on a narrow peak where absorbance de-
pends upon slit width,

Stock solutions were prepared with at least 30 mg of
sample so that the error in mass concentration is less
than 1%. Solutions were all stored in glass or teflon con-
tainers in the dark.

Absorbance solutions were prepared by diluting the
stock solutions by weight. The dilutions were made to
give optical densities at the excitation peak of 0.7, which
again means a 1% precision. Absorbance soiutions were
about 20 uM for the BPEA's and somewhat higher for
uranine and quinine sulfate.

Absorbance solutions were diluted carefully by weight
to give “fluorescence’ solutions with calculated optical
densities of less than 0.01 for most cases. The fluores-
cence solutions were about 0.1-0.2 uM for the BPEA's.
These solutions were used to obtain fluorescence emis-
sion spectra. Two such solutions were compared to ob-
tain relative quantum yields. Generaily, one solution for
such comparisons was of quinine suifate.

Fluorescence solutions in two cuvets, A and B, were
run in the order A, B, A as a check on the constancy of
the fluorometer with time. Only if the two runs of A were
equal within 3% were the spectra used to calculate quan-
tum yields as described in the following section.

The absorbances or optical densities of the absorb-
ance solutions were measured in matched cells. The
base lines were set by filling both cells with solvent. The
absorbance at the wavelength of excitation was mea-
sured with the monochromator scan stopped.

Quenching by oxygen was looked for by a simple two-
point test. A cuvette with a teflon stopper was filled with a
fluorescence solution in a box filled with forming gas
(97% N3; 3% H»). This cuvette was removed from the box,
and a spectrum taken in the fluorometer. Then the teflon
stopper was removed, air was shaken into the solution,
and the spectrum run again. The ratio of the two areas is
the Stern-Volmer ratio for quenching by oxygen dis-
solved. Oxygen partial pressure at China Lake can be
calculated from the barometric pressure of 700 torr as
147 torr. The stoppers have been shown to be air tight by

u,

Figure 1. Structure of BPEA

several tests. There was a slight question as to whether
oxygen affected the absorbance rather than the emission.
Tests could only be made at higher concentrations where
no effect was seen.

Table |l. Spectra of Standards

A, NmM A, rel A\, Om A, rel X, nm A, rel
Quinine sulfate Uranine DPA
1.0N H,SO, 0.1N NaOH Benzene
Absorption Absorption Absorption
(10 nm) (10 nm) (10 nm)
300 528 420 36 300 0
310 726 440 100 340 323
318.2 823 460 322 350 491
330 800 480 678 357.0 652
340 944 490 985 363.6 605
346.5 1000 491.5 1000 374.6 1000
e=10564M-1cm~1 ¢=89,320M~lcm~! =13,390Mtcm™!
350 985 500 757 385 651
360 816 510 243 395 930
370 500 520 43 400 651
380 227 530 0 410 129
400 25 420 11
430 0
A, nm o F(A\), rel A nmo Fi(N), rel A, nm o F(A), rel

Emission (2.5 nm)

Emission (10 nm)

Emission (10 nm)

Exc, 346.5 nm
(10 nm)
310 0
350 4
380 18
400 151
410 316
420 538
430 735
440 888
445 935
450 965
455 990
457.2 1000
400 998
465 979
470 951
475 916
480 871
490 733
500 616
520 408
550 171
600 19
650 3
700 0
7 uMTL Fo(3), rel
Recalcd by
Formula 3
2.5 114
2.4 390
2.3 755
2.2 963
2.151 1000
2.1 969
2.0 728
1.9 461
1.8 211
1.7 67
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Exc, 322 nm
(10 nm)
470 0
480 7
490 151
495 360
500 567
505 795
510 950
512 1000
515 985
520 933
525 833
530 733
540 533
550 417
560 333
570 233
580 167
600 83
620 42
640 17
650 8
670 0

Ex¢, 385.0 nm
(10 nm)
380 0
390 39
400 423
412 993
422 914
432 1000
440 882
450 607
460 489
470 346
480 222
490 150
500 103
550 4
600 0



Quantum Yield Calculations
These were made by use of the following equation:

=~ AB:AR-Qg-ng?
9= =GR 2 T - QR NRC (M

Here, subscripts x and R refer to the unknown and ref-
erence solutions, g is a quantum yield, A is a calculated
optical density, A is an excitation wavelength, Q is the
area under the emission curve which equals JF(\)dX,
and n is the index of refraction of the solvent. The wave-
length is required in this equation since the Turner fluo-
rometer is corrected for excitation energy (75) which
must be changed to excitation quanta. The excitation
correction on this instrument is good as shown by the
lack of change of g for a given solution of guinine sulfate
excited at different wavelengths.

The absorbance is calculated from the dilution ratio of
the absorbance solution. This assumes that Beer's law
holds. Tests of this assumption were made for BPEA at
absorbances of 1.5 down to 0.3. We then assumed it held
for the other compounds.

Results

Tabulated spectra, The spectra for quinine suifate, ura-
nine, and DPA are presented in Table |l, and those for
the BPEA's are given in Table |Il. The pertinent data for
absorbance and emission are listed in the tables. The
compound and solvent are listed, and the slit widths are
given in parentheses. The absorbance spectra are nor-
malized at the higher peak in the iong wavelength band.

The moiar absorptivity, €, is given for the higher peak.
This is based upon the usual equation:

=¢cd = log lo/! (2)

Here, A is the absorbance (optical density) read from the
Turner in its spectrometer mode of operation. Al cells
had an optical path, d, of 1 cm.

The emission spectra were obtained in the same sol-
vent as the absorbance. The concentrations were
those used for quantum yield runs; 1 uM or lower. Reab-
sorption and concentration quenching are thus mini-
mized. The emission slit width is given in parentheses.
The excitation wavelength and siit width are also given.
We think these data are sufficient to allow others to re-
produce our conditions and to test the spectra.

For quinine suifate we have given the spectrum in both
wavelength and frequency units. The interrelationship of
these units is given by (77):

A3F(N) = A2Fg(N) = AF(D) = Fq(p) (3)

Here, » = 1/\ and the spectral flux F(A) is given in
both energy F(A), and quantum Fg(X\) units. F(A} = dF/
dA, i.e., spectral flux is the flux within a wavelength inter-
vai. The same holds for F(?) = dF/dp. Flux is in watts
through a given surface; quantum flux is in Einstein
sec”'. Quantum spectral flux is in Einstein sec™' nm~!
or Einstein sec™' (um~')~'. All curves are normalized
at the peaks.

There is an observation to make about transforming
fluorescence curves from wavelength to frequency and
the reverse. The position of the peak moves in the trans-
formation except for sharp peaks where P(peak) = 1/
A{peak). In a regraphing of data by use of Formula 3,
the transformed graph will generally have its peak in a
new position. For this reason, we wish Melhuish had pre-
sented the original and transformed peak A and ¥ in his
tabie (77). As will be seen below, the peak position has a
particular importance in comparing spectra.
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Graphical spectra. Figure 2 summarizes the qualitative
spectral shifts and the quantitative fluorescence yield
changes with structure of the BPEA's. All spectra were
taken at a 10-nm slit width. The wavelength of excitation
was unimportant for the three compounds we tested.
That is, we excited in their second band around 310 nm
and also in the first band and found no change in their
emission spectra nor quantum yields.

The spectra become less structured and more red
shifted as the molecular structure is more strained. The
substituents in the 2 position show small effect. Substitu-
ents in the 1 position strain the ring owing to spatial prob-
lems vs. the phenylethynyl group. Substituents in the 1,4
position induce similar but larger strain. In our discus-
sions, Mohan and Rauhut reported similar results with 1,5
and 1,8 substitution. Tetra-substitution in the 1,4,5,8 posi-
tion by Cl or CH3 (Table |) shifts the spectra into the red
and also makes the molecule unstable. Presumably, the
steric strain affects both the singlet energy levels and the
reactivity (7). The steric effects seem much larger than
any electronegativity differences between alkyl and chlo-
ro substituents.

Quantum yields., Table |V presents the results of our
relative fluorescence quantum yield studies. All values
are relative to quinine sulfate in 1.0N H,SO, as being
0.55 (4). In the case of BPEA in DBP and {-BuOH, the
actual comparison was with BPEA in benzene.

Concentrations were kept low so that the absorbance
at the excitation wavelength was less than 0.01. Twofold
variations in absorbance such as from 0.008 to 0.004
showed no effect with quinine vs, BPEA. Solutions were
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Figure 2. Spectra of BPEA’s .
These absorbance and emission spectra and quantum yields are meant
to give a picture of change with molecular structure and solvent. Num-
bers are slightly different from those reported in tables which are pre-
ferred. Abbreviations are given in text
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Table IV. Quantum Yields in Air

Exc Emission

Compound Solvent (nm) peaks (nm) q°¢
Quinine 1.0N H,SO, 346.5 457 0.55 %= 0.03
Quinine 0.1N H,SO, 346.5 457 0.52 = 0.04
Quinine 1.0N H,S0, 322 457 0.54 3= 0.03
Uranine® 0.1IN NaOH 492 515 0.92 3= 0.02
Uraninec 0.1N NaOH 492 515 0.91
Uraninec 0.1N NaOH 465 515 0.94
Uraninec 0.1IN NaOH 3224 515 0.92 == 0.02
DPA Benzene 357 432 412 0.67 %= 0.01
BPEA Benzene 440 477 508 0.84 = 0.03
2-EBPEA Benzene 440 480 512 0.88
2-CBPEA Benzene 443 480 512 0.92=+ 0.09
1.CBPEA Benzene 451 493 526 0.90
1-PBPEA Benzene 460 495 525 0.91 = 0.04
1,4-DMBPEA  Benzene 440 507 ~525 0.84+ 0.01
1,4-DPBPEA Benzene 479 523 0.80 + 0.05
BPEA Benzene 457.5 477 510 0.81 =+ 0.05
2-EBPEA Benzene 310 480 512 0.92
1,4-DPBPEA Benzene 440 524 0.72
BPEA DBP 463 479 510 1.00
BPEA +-BuOH 455 468 500 0.88

e Ref. 4 suggests 0.55 as the best quantum yield value for
qguinine sulfate. Al other values are referred to quinine sulfate
excited at 346.5 nm. The error limit is sigma for a series of runs
comparing a quinine sulfate standard sample with different
samples of the named compound. ® Uranine purified by re-
crystallization from 2-propanol and ether. ¢ Fluorescein puri-
fied by method of Orndorff and Hemmer (12) as recommended
by Demas and Crosby (4). The pure acid in fow concentration
was then dissolved in 0.IN NaOH to give the sodium salt ura-
nine. ¢1In this one case, the quinine sulfate reference sample
was aiso excited at 322 nm rather than at 346.5 nm.

Table V. Air Quenching- of Fluorescence

Compound q(N.)/q(air), measd  q(Ns), calcd
DPA 1.30 0.87
1,4-DPBPEA 1.06 = 0.02 0.80
BPEA 1.00 &+ 0.01 0.84

e p(air) = 700 torr; P(O,) >~ 147 torr.

Table VI. Comparison of Uranine Fluorescence Emission
Spectra from Crosby (3) and from the Turner 210

Turner Turner
A Crosby A Crosby
490 1.14 520 0.994
495 1.08 525 1.03
500 0.958 530 1.08
505 1.02 540 1,03
510 1.00 550 0.990
512 Peak-Turner 560 0.968
513.3 Peak-Crosby 570 0.932
515 0.992 580 0.923

made and run in one day with uranine and the 1,4-disub-
stituted BPEA's,

Quinine sulfate showed no changes with excitation at
wavelengths of 322 or 346.5 nm. In 0.1N H,;S0O,4 the yield
decreased to 0.52 * 0.04, which result led us to prefer
the 1.0N acid for our reference solutions.

The sigma given for BPEA in benzene was obtained for
10 runs over a long period of time. It probably represents
the best precision possible with our spectrofluorometer.
Single values in Table |V represent only one run.

Fluorescence quenching by oxygen. Three compounds
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QUININE SPECTRA AND COMPARISON RATIOS
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Figure 3. Comparison of quinine sulfate spectra

Curve 1: Quinine spectra from this work

Curve 2: Quinine spectra from Melhuish (9)

Curve 3: Ratio of curve 110 curve 2

Curve 4: Ratio of curve 1 to curve 2 after shifting curve 2 so that its peak
is at 457.2 nm

were run in deaerated solutions and with air readmitted
(Table V). DPA showed strong quenching with our single
value equal to Melhuish's (70). BPEA shows no quench-
ing by oxygen. This is rather remarkable for an anthra-
cene derivative as is the fact that it does not react with
singlet oxygen molecules. These properties suggest it as
a possible fluorescence standard although it does under-
go a slow photochemical reaction of some sort. 1,4-
DPBPEA did show some quenching by oxygen; although
small, this is undoubtedly reatl.

Solution stability. Quinine sulfate solutions are stable
for weeks even if left in a quartz cell in room light. A ura-
nine solution was stable for three days (g = 0.91) but
unstable after eight days (g = 0.84). BPEA is stable for a
week when kept in the dark; it does react slowly in light,
but not to a photoperoxide.

Comparisons with Earlier Data

We will suggest a quantitative technique for comparing
fluorescence spectra from different instruments. We have
compared our quinine suifate spectrum using this simple
technique with Melhuish's (9) tabulated spectrum. The
results suggest more effort along this line.

The accuracy of the spectral correction of a fluorome-
ter is of major importance in relative quantum yield mea-
surements. From a tabulation of quantum yields, it is dif-
ficult to decide whether the spectral correction, chemicai
purity, or some other factor causes the differences. If the
normalized emission and the peak wavelength are care-
fully tabulated, one can isolate one factor. Certainly, if
two instruments give different spectra for two com-
pounds, the relative quantum yields would be expected to
differ. This idea is by no means a new one (77), but we
have found no quantitative comparisons being made or
suggested.

Quinine sulfate speclra. We have made simple quanti-
tative comparison of our spectrum with one of Melhuish's
from 1960 (9). if both our fluorometers were properly
corrected, the ratios of the normalized Fg(A) would be
unity everywhere. Figure 3 shows that this is not the
case. Curve 3 shows the ratio of our Fgz(A) values to his,
and the curve obviously wanders far from unity.

Moreover, the peak position influences the shape of
the comparison ratio curve. Two spectra otherwise per-
fectly corrected will give a sloped ratio line if one is shift-
ed slightly in wavelength. Curve 3 looks much like such a



sloped straight line. Therefore, we have calcutated curve
4 (also in Figure 3), showing the effect of aligning the
spectra at their peaks. It is clear from this that Mel-
huish’s fluorometer and our Turner fluorometer are in-
deed giving different spectra. Discounting the concentra-
tion difference of the quinine sulfate solutions, one or
both of the instruments must be badly corrected.

We think that spectra from several instruments should
be compared in this fashion. A number of comparison
curves nearly flat at unity would give cause for thinking
that all the spectra were correct. Our spectra are given in
careful tabular form to allow such comparisons. This
same idea was expressed by Melhuish in 1960 but does
not seem to have been implemented. Perhaps no one
else has wanted to throw his spectra open to critical
comparisons.

Peak wavelengths. The peak wavelength is important
in comparing different spectra. This wavelength varies
with mathematical transformations such as sensitivity
corrections and wavelength-to-frequency changes. How-
ever, there is an interesting difference between sharp
and broad peaks in this respect. Sharp peaks such as the
mercury lines should fall at the same wavelength, wheth-
er the spectrofluorometer is corrected or not. A broad
peak like quinine can be shifted several nanometers if
the spectrofluorometer sensitivity is changing steeply
near the peak. Compounds like BPEA fall intermediate
but are probably not shifted on most instruments. A for-
mula might be worked out connecting steepness of sen-
sitivity change, steepness of F(X) vs. A and A\ the shift
of the peak.

Of more immediate interest is that the wavelength
found for the peak is a measure of the flatness of a cor-
rected instrument or accuracy of a numerical correction.
All properly corrected spectra of equal samples should
show the same peak wavelength, for this reason, that
wavelength is important to report.

In reading the peak wavelength, an automatically cor-
rected fluorometer such as the Turner 210 has an advan-
tage over uncorrected instruments requiring numerical
correction. In the former, one can scan slowly and locate
the corrected peak within the precision of the monochro-
mator calibration and recorder reproducibility. The latter
is only as precise as one is willing to space the data
points. The uncorrected scan can only locate a condition-
al peak. The mathematical correction will move this peak
toward the lower sensitivity end of the spectrum. In gen-
eral, the corrected peak can only fall at a wavelength
where one has taken a data point either manually or off a
graph.

Owing to the above reasons, we think the review of
Melhuish (77) should have listed the quinine peaks found
by the different authors. Our peak is 457.2 nm. Fletcher
(6) reported 453 nm on the same instrument, but he had
not recalibrated the monochromator with the mercury
lamp at the time of taking his spectrum. Melhuish (9) re-
ported 465 nm (Figure 3). Velapoidi {(76) shows about
454 nm on a graph from another Turner instrument.

Berlman (7) reports the spectrum of BPEA in graphical
form as E4(P) vs. 7. The peaks are sharp and probably
convert directly to nm by inversion. His values are 471
and 508 nm, as compared to 478 and 510 nm on our
Turner. This may be due to a solvent difference since he
used cyclohexane. Maulding and Roberts (8) report a
short wavelength peak of 486 nm for BPEA in benzene.

Quantum yield comparisons. Considering all the spec-
tral problems discussed above, the literature values
would not be expected to agree closely. For BPEA,
values of 0.96 (8) and 1.0 (7) have been reported as
compared to our value of 0.84 of quantum vyield. Our

measured value for DPA yield in air is 0.67. We also
measured the ratio between fluxes from N; and air-satu-
rated solutions as 1.30. This gives us a value of 0.87 as
compared to Melhuish’'s (70) 0.84 in deaerated benzene.

There have been many values (4, 73) for the uranine
yield, with 0.90 considered (4) as a good compromise
within 5%. Thus, our value of 0.92 is reassuring.

Conclusions

We wish that the spectra and quantum yields reported
here could be quantitatively evaluated for accuracy. In-
stead, we can only place them in the record for future
comparison with other people’s vatues and for use as the
best available data for the newly reported compounds.

The time is surely approaching when two or more
workers can compare fluorescence spectra, as in Figure
3, and get filat comparison curves. Our tabulated data
seem to be only the second attempt, since Methuish in
1960, to provide the basic data for such comparison.

The comparison method shown in Figure 3 may not be
the best. it appears to be the only one offered so far ex-
cept for visual comparison of graphs reproduced in sin-
gle-column figures in journals (2, 77).

Note: Uranine Spectra Comparison

Since writing the above, we have received a corrected
fluorescence emission spectrum of uranine from Crosby
(3). His group has built and calibrated a spectrofluo-
rometer so that they can correct the original point by
point spectra. Table VI shows a comparison similar to
that in Figure 3. From 490 to 580 nm, the two corrections
are reasonably close. The peak wavelengths are also
close. The areas under the two normalized spectral curves
are nearty equal—Crosby's is about 1-2% larger.

Crosby's original data were at random wavelengths
where the flux output had been corrected. We plotted
these points and drew a careful graphical spectrum.
From this, we read off flux at the wavelengths of our own
spectrum. Crosby's original corrected curve can be re-
constructed quite well with the comparison data of Table
VI and our uranine spectrum from Table II.
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