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Under  the same title Miller and Baumann (3) 
have recently reported results that have many points 
in common with unpublished observations made some 
time ago in this laboratory. In so far as these supple- 
ment  the experiments of Miller and Baumann,  they 
may be of general interest. 

EFFECTS OF SOLVENTS 

Table I shows the relative fluorescence intensities of 
benzpyrene solutions obtained with a series of hydro- 
carbons and a series of alcohols as solvents. It will 

TABLE I: RELATIVE FLUORESCENCE INTENSITIES OF 

3,4-BENZPYRENE SOLUTIONS 
Concentration: 5 /xgm./5 ml. 

Galvanometer 
Solvents (Arbitrary 

(1) Hydrocarbons: 
Hexane 74 
Cyclohexane 154 
Toluene 163 
Xylene 169 
Benzene 191 
Dekalin 254 
Pinene 262 
Tetralin 330 
Paraffin oil 444 

(2) Alcohols: 
Methanol 136 
Ethanol 160 
n-Propanol 198 
Isobutanof 211 
n-Butanol 2 ! 5 
Amyl alcohol 239 
Cyclohexanol 357 
Glycol 362 
Glycerol 4 t 4 

readings 
units) 

be noticed that in both classes there are solvents in 
which the fluorescence is at least as high as in the 
ethers mentioned by Miller and Baumann.  Similar 
differences were found with a series of esters. There 

* Because of the difficulties of international communication the 
author has not read proof of this article. 

t Some of the experiments rcported in this paper were carried 
out in collaboration with Dr. ~. Weiss, Department of Chemistry, 
King's College, Newcastle upon Tyne. 

is thus no reason to assume any special virtue of 
ethers as a group. 

Attention has previously been drawn to these differ- 
ences in fluorescence intensity according to the solvent 
used (6);  they were explained by the different solu- 
bility of 02 in these solvents and by a quenching 
effect of the dissolved 02 on the fluorescence. The 
differences observed in O2, and to a lesser degree in 
air, are greatly reduced if the measurements are 
carried out in N 2 (Table II). This applies particu- 
larly to the effect of addition of water to a solvent. 
Miller and Baumann state " that  difference in oxygen 
solubility was not the sole cause of the observed 
change in fluorescence." Without  in any way con- 
tradicting this view in general I th ink that the argu- 
ment of these authors, which is based on a curve 
showing the fluorescence changes o fbenzpyrene  solu- 
tions in ethanol-water mixtures, is not convincing. 
Miller and Baumann say that "at the extremes o f  
the concentration range the rates of change of O., 
solubility with percentage of solvent were either too 
large or too small in comparison with the correspond- 
ing changes in fluorescence." It may be doubted, 
however, whether fluorescence measurements in an 
ethanol-water mixture of less than 30 per cent ethanol 
may be safely compared with those of higher ethanol 
content owing to the rapidly decreasing solubility of 
benzpyrene with increasing percentage of water; the 
decrease of fluorescence observed in this part of the 
curve may in fact be due to physical changes in the 
dispersion of the solute. The decrease of fluorescence 
at the other extreme of the concentration range does 
not seem to be smaller than might  be expected if it 
is borne in mind that the fluorescence yield in the 
presence of O._, does not decrease linearly with the 
O._, concentration, but can be represented by a hyper- 
bolic curve (1).  The measurement of fluorescence 
in the absence of O., provides more direct evidence, 
and shows that the differences in the fluorescence of 
benzpyrene solutions in 100 per cent and 60 per cent 
ethanol observed in air practically disappear. This, 
however, is not generally true for all hydrocarbons 
or for all solvents, and it must be admitted that a 
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solvent effect in the proper  sense persists even in N2 the more  polar solvents e thanol  and  acetic acid. In the 

in m a n y  cases (Tab le  I I ) .  latter solvent the presence of O., enhances  the fall of 

TABLE ][: RELATIVE FLUORES(:I-:N{;E ]NTFNSI'I'IES OF HYDROCARBON SOLUTION IN O: G AIR, AND N2 

Hydrocarbon ~gm. / 5 ml. 

3,4-Benzpyrcne 10 

Anthraccnc 50 

1,2-Bcnzan th racenc 50 

20-Mcthylcholanthrenc I 0 

1,2,5,6-Dihcnzanthracene 30 

Galvanometer readings 
(Arbitrary units) 

A 
Solvent In 0.2 In air In N., 

Hexane 8 63 410 
Benzene 50 175 445 
Ethanol 24 135 403 
60% Ethanol 173 295 405 
Acetic acid 43 140 355 
80% Acetic acid 148 268 358 

Hexane 15 60 95 
Benzene 52 100 108 
Ethanol 34 76 88 

Hexane ca. 1 11 52 
Benzene 5 53 151 
Ethanol ca. 1 26 75 

Hcxanc ca. 1 11 72 
Benzene 20 80 143 
Ethanol 8 40 91 

Hexanc ca. 1 5 13 
Benzene ca. 1 9 20 
Ethanol ca. 1 6 14 

TABLE llI: STABILITY OF FLUORESCEN('E OF 3,4-BENZPYRENE SOLUTIONS (10 t~gm./5 ml.) DURING 20 M1NUTES' ULTRAVIOLt-T 

IRRADIATION IN 02 AND IN N._. 

Galvanometer reading % of initial reading 

10 rain. 15 rain. 20 mi~. 5 rain. 10 rain. 15 min. 20 rain. 

410 410 415 101 101 101 102 
8 8 8 100 100 100 100 

445 448 450 102 102 102 103 
50 50 5{) 100 100 100 101) 

378 363 349 97 94 90 87 
22.5 22 22 96 94 92 92 

356 328 299 95 88 81 74 
162 159 157 95 94 92 91 

360 340 328 94 91 86 83 
I60 I55 I50 98 93 90 87 

275 238 200 84 70 61 51 
160 155 148 97 92 89 85 

323 316 298 97 93 89 84 
32 29 26 83 75 67 60 

312 300 288 92 87 84 81 
63 44 25 66 42.5 30 17 

Solvent Gas 6 rain. 5 rain. 

Hexane N2 405 410 
O2 8 8 

Bolzcne N2 438 445 
O., 50 50 

Ethanol N2 403 392 
O2 24 23 

60% Ethanol N2 405 384 
02 173 164 

60% Ethanol + 40% N2 395 370 
N/tO HCI 02 173 170 

60% Ethanol + 40% N2 390 328 
N/IO NaOH 02 175 170 

Acetic acid N2 355 343 
02 43 35 

80% Acetic acid N2 358 328 
02 148 97 

0 rain. 1 rain. 2 min. 

Chloroform N2 250 90 41 
Air 130 75 48 

STABILITY OF FLUORESCENCE INTENSITY 

This  factor,  too, depends  to a large extent  on the 

solvent used. T h e  fluorescence of a benzpyrene  solu- 

tion in hexane  or benzene  (2 /~gm. /ml . )  does not  

change appreciably d u r i n g  20 minutes '  i r radia t ion  

(Tab le  I I I ) .  T h e r e  is, however ,  a slight fall ing off in 

3 rain. 4 rain. 1 min. 2 min. 3 min. 4 rain. 

20 16 30 13.5 6.7 5.3 
32 23 52 33 22 16 

fluorescence. This  effect of 02  becomes very s t r ik ing 

indeed  in a m i x t u r e  of 80 per  cent  acetic acid and  

20 per cent  water :  here  the  fluorescence decreases to  

17 per cent  of the initial value in 20 minu tes ,  as 

compared  wi th  81 per  cent  in N2. S imul taneous ly  

wi th  the des t ruc t ion  of fluorescence a ye l low t inge 

appears in the solution. It is probable that  the  changes  
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observed are due to a very rapid photooxidation. 
Addition of water to ethanol increases the instability 
of the fluorescence only slightly. In this case 02 has, 
if anything, a stabilizing influence that is probably 
connected with its quenching effect on fluorescence. 
The rapid photooxidation observed in 80 per cent 
acetic acid suggested a possible influence of hydrogen 
ions and the effect of pH variation in ethanol-water 
mixtures was therefore investigated. No photooxida- 
tion was observed in either acid or alkaline medium; 
this makes it unlikely that hydrogen ions are con- 
cerned in the effect of 80 per cent acetic acid. On 
the other hand, the nonoxidative destruction of the 
hydrocarbon was significantly accelerated in an al- 
kaline medium. 

A very rapid destruction of the fluorescence of benz- 
pyrene takes place in chloroform solution, as has been 
found by Miller and Baumann also. This reaction is 
also nonoxidative. 

INHIBITORS OF FLUORESCENCE 

Amongst the inhibitors of fluorescence in solution 
three categories can be distinguished: 

(a) Substances having a genuine quenching effect 
due to a reversible photochemical reaction between 
the fluorescent and the inhibitor substances, a reac- 
tion that is usually in the nature of a reversible 
oxidation-reduction system. The best known examples 
are: the action of I- on uranium salts (2), the action 
of Fe ++ on methylene blue and similar dyes (8), the 
action of 02 (1, 6) and of NO (7) on hydrocarbons. 

(b) Inhibition of fluorescence due to irreversible 
reactions, which may be either photochemical, as is 
probably the case when benzpyrene is irradiated in 
halogenated solvents, or of the ordinary thermal 
type. The effect of tetranitromethane, quoted by 
Miller and Baumann, seems to belong to this class. 
A similar irreversible "inhibition" of benzpyrene 
fluorescence can be achieved with numerous other 
reagents, e.g., by shaking with a drop of concen- 
trated HNOa or H.,SO~ or by the addition of strong 
oxidants. 

(c) Filter effects: many substances prevent fluores- 
cence owing to the fact that they strongly absorb in 
the region of the exciting wave lengths. This point 
can be tested with a vessel of the type illustrated in 
Fig. 1. The fluorescent solution is placed in the 
inner tube and a solution of the inhibitor in the 
jacket. If the inhibition of fluorescence is due to light 
absorption it will be equal to that observed if the 
inhibitor is added directly to the fluorescent solution. 
In this way it can be shown that the absence of 
fluorescence of benzpyrene solutions in solvents such 
as CS_,, benzaldehyde, quinoline, nitrobenzene, and 

others is primarily a filter effect. Nitro compounds 
generally belong to this class; nitrobenzene, trinitro- 
benzene, and picric acid were tested and were found 
to act in very low concentrations. In addition to its 
irreversible action on benzpyrene tetranitromethane 
may be expected to have a strong filter effect, which 
explains its general action in suppressing fluorescence. 

'-2 

Fig. 1 

A filter effect is always to be suspected if the inhibitor 
has a yellow color. Such inhibitors are, e.g., carotene, 
p-dimethylaminoazobenzene and other azo dyes, and 
the yellow polymerization products of acetaldehyde that 
are formed if impure alcohol is heated with alkali. 

The vessel shown in Fig. 1 has also been used to 
demonstrate that the quenching effect of O., and of 
nitric oxide is not a filter effect. For this purpose 
it was filled with pure solvent to a height just above 
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the level of the fluorescent solution in the inner tube. 
The jacket was then evacuated and filled with the 
gas to be examined. 

FLUORESCENCE OF ANIMAL MATERIAL 

Miller and Baumann have found that the fluores- 
cence of unsaponifiable animal material is less de- 
pendent on the solvent than that of hydrocarbons. 
This is clue to the fact that it is less susceptible to 
the quenching effect of 02. Whereas the fluorescence 
of benzpyrene in benzene solution is increased by 
about 150 per cent if the measurement is carried 
out in N., as compared with air, that of the unsaponi- 
fiable matter of a whole mouse, or rather its small 
residue that cannot be separated from benzpyrene 
by chromatographic purification, is increased by only 
about 80 per cent. For this and other reasons, viz., 
the higher intensity of fluorescence and the greater 
independence from solvent effects, it has been the 
practice in this laboratory to carry out all fluorimetric 
determinations of hydrocarbons in N._,. Details of the 
method used are shortly to be published (4).  

EXPERIMENTAL 

The procedure and apparatus used for the fluori- 
metric estimation of 3,4-benzpyrene have been de- 
scribed (5). For the experiments reported in this 
paper the same apparatus was used with slight modi- 
fications: a more sensitive photocell (EEL selenium 
barrier laver cell) of 45 ram. diameter was used and 
the fluoresccnt light was filtered, in addition to the 
layer of 5 per cent sodium nitrite, through two 
Wratten filters, Nos. 35 + 43, with a maximum 
transmission at about 400 m/z. Saturation of the 
solution with O., or with oxygen-free N2 was usually 
carried out in the dark for 2 to 3 minutes. In the 
experiments of Table III gassing was continued during 
the intervals between readings with the solution in 
the beam of the ultraviolet light. The gas stream 
was saturated with the solvent used by passage through 
a wash bottle before it entered the fluorescent solution. 

A zero reading with pure solvent was taken in every 
case and all figures have been corrected accordingly. 

Sensitivity of galvanometer deflection was controlled 
by inserting shutters of varying aperture between light 
source and solution. The results of Table I are thus 
recorded on a scale different from that used for 
Tables II and III. 

SUMMARY 

Observations are reported and discussed with refer- 
ence to the experiments of Miller and Baumann (3).  
The following points are made: 

1. The chemical classification of a solvent has no 

relation to the fluorescence intensity of hydrocarbons 
dissolved in it. 

2. For the particular case of 3,4-benzpyrene solution 
in ethanol-water mixtures it can be shown that the 
differences in fluorescence intensity according to the 
percentage of solvent composition are entirely due to 
a quenching effect of dissolved 02. The differences 
disappear in N._,. In many other cases the solvent 
effect on fluorescence intensity can be largely ac- 
counted for by the quenching effect of 02, though 
there are exceptions where a solvent effect proper 
persists even in the absence of 02. 

3. The stability of the fluorescence of benzpyrene 
solutions also depends on the solvent. No appreciable 
change occurs in hexane or benzene during a 20 minute 
irradiation. In acetic acid, and especially in 80 per cent 
acetic acid--20 per cent water mixture, photooxidation 
takes place in presence of 02. In ethanol and in mix- 
tures of 60 per cent ethanol with 40 per cent N/IO 
HC1, water or N/IO N a O H  a fairly slow nonoxidative 
fall of fluorescence, increasing in the order named, is 
observed. 

The rapid destruction of fluorescence in chloroform 
is confirmed and is shown to be nonoxidative reaction. 

4. Inhibitors of fluorescence in solution belong to 
one of three categories: (a) substances causing a 
reversible photochemical reaction ("genuine quench- 
ing");  (b) substances causing irreversible changes of 
the fluorescent material; (c) substances that absorb 
the exciting wave lengths ("filter effect"). Many 
solvents in which hydrocarbons do not fluoresce belong 
to this class. 

5. An unsaponifiable fraction of mouse tissues is 
less susceptible to the quenching effect of 02 than 
carcinogenic hydrocarbons. It is recommended to 
carry out fluorimetric determinations of hydrocarbons 
in N2. 
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