








COLUMN CHROMATOGRAPHY AND SPECTROSCOFY OF POLYCYCLLCS 321 

depending upon the concentration of a particular hydrocarbon in the eluate. All 
the eluates containing a particular compound were combined, a quantitative measure- 
ment was made and this was compared with the value given by the same amount 
of the same standard not chromatographed. Table II gives the percentage recovery 
for 50 p.g of each of the ten polycyclic hydrocarbons listed. Within experimental error, 

TABLE II 
RECOVERY PROM THE COLUMN 

I 
2 

3 
4 

2 

z 
9 

10 

Naphthalenc 50.8 
Eluorcnc 49.6 
Phcnanthrcnc 51.2 

Anthtaccnc 49.9 
Pyrcnc 49.6 
Fluoranthcnc 48.3 
Triphcnylcnc 49.9 
Chrysenc - 
Benjz[a]nnChracenc - 
Bcnzo[n]pyrenc - 

- 
- 
- 
- 
51.2 

49.2 

48.4 
LIT.0 

47.0 
52.5 

IOI._=j - 

99.3 - 
102.5 - 

99.9 - 
99.2 102.3 
96.6 98.4 
99.8 97.1 

- 94.0 
- 94.0 
- 105.0 

recovery is complete and it is clear that there is no decompositi.on on the column, 
and that the adsorption process is reversible for the particular column conditions 
used. It is to be noted that the separations were performed using only cyclohexane. 
If a more polar solvent such as ether were used in admixture we should certainly 
still recover all the polycyclic. 

To see whether the cause of apparent low recovery might be incomplete se- 
paration or tailing, the ten polycyclics were chromatographed together on an alumina 
column, Cyclohexane and increasing quantities of ethyl ether were used to elute as 
shown in Table III. 

ThI3LE III 
TYPICAL ELUTION 

T~oltrnze (ml) Solve rzt 

o-315 Pure cyclohcxane 
315-415 0.5 o/o ether 
415-47“ I .o o/O ether 
47o-690 1.5 o/o ether 

GQO-740 2.0 o/Q ether 
740-840 3.0 oh ether 
840-860 4.0 o/O ether 

Each eluate fraction was scanned in the ultraviolet. The chromatogram ob- 
tained is shown in Fig. 2. The shape of the curves indicates that tailing is negligible 

‘;“‘, for all practical purposes, (See also chromatograms OI GRIMMER AND HILDEBRAND~~.) 

It is interesting to note the poor separation of the two groups, fluorene, phenan- 
threne and anthracene and triphenylene, benz [alanthracene and chrysene. Meanwhile 
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Table IV shows that recovery is fairly good a% the wavelengths used for “base line” 
measurements. Recovery varies from a low of 83 o/o for fluorene to a high of IIO o/o 

for phenanthrene. As can be seen, incomplete separation does not explain low re- 
covery because the effect can be either positive or negati.ve, Considering standards 
only, singly or in mixture no evidence has been found for low recoveries or column 
losses. Standard solurions, of course, lack the baclcground which is present in an 
air sample. 

z”** 
9 
- 0.6- 
b ._ 
% 

Volume (ml) 
324 384 

awavelength (nm) 

I?@. 2. Chromatogram of standard mixture of ten polycyclic hydrocarbons. 

Pig. 3, Variation in compound X with chromatographic development. 

Apparent recovery losses which cannot now be attributed to the column 
might, for the sake of argument, be attributed to the hiding of peaks by the back- 
ground, leading to negative measurement errors. Accordingly, an air sample extract 
was chromatographed on an alumina column and fluorescence emission spectra were 

SEPARATION OP A MISTURIS 

NO. CompoaLnd Foataad (I. V. ~vecover~y Wnvebenglh 
(%I *, (9ZllZ) 

I 
2 

3 
4 

: 

z 

9 
IO 

Naphthalcne 
Fluorcne 
Phcnanthrcnc 
Anthraccne 
Pyrene 
Fluoranthene 
Triphenylene 
Benz [a.]anthracenc 
Chryscne 
Benzo[a]pyrenc 

51.5 
41.5 
54.5 
50.9 
46.6 
4819 
52.1 

$?Z 
47.3 

103.0 
83.0 

109.7 
xo1.g 

93.2 
97.9 

104.2 
94.6 
93.6 
94.7 

296-305 
287-301 
371-351 
325-340 
2s4-290 
245-252 
283-293 
263-273 
375-390 

l Mean recovery 98.6 y-, . 
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recorded for each eluate fraction using 289 nm as the exciting wavelength. This 
wavelength was chosen for three reasons: (a) it is a good excitation wavelength for 
the material which seems to be the cause of the background; (b) most of the aromatics 
present should be excited at this wavelength; and (c) this wavelength is less subject 
to concentration interference than wavelengths in the 200-270 nm region. It was 
soon discovered that each eluate apparently contained varying amounts of the same 
compound “X” as may be seen from Fig. 3. The concentration of X starts at a maxi- 
mum decreasing continuously with successive eluate fractions. The predominant 
peak at 360 was preceded by small peaks as shown by fraction g. In fraction 20, the 
peak at 330 has almost disappeared, the intensity at 360 has dropped sharply 
and at least three new peaks have appeared at wavelengths above 360. At no time, 
in these experiments, were spectra for known pure compounds obtained. The peak 
at 360 nm was always present. From these results the background might be described 
as: 

(1) One compound emitting at 360 present in much 
any of the others, 

(2) A mixture of hydrocarbons having a common 
of naphthalene or phenanthrene, 

(3) Overloading of the column. 

higher concentration than 

structure like derivatives 

Using gas chromatography on a silicone oil column at 225O with a hydrogen 
flame detector, it was found that gas chromatograms of the aromatic fraction of 
an air sample extract showed numerous peaks, each component present in approxima- 
tely equal amounts. This would seem to rule out No. I as a working hypothesis. 

We already know from past experience that tailing on alumina of 1.8 y. water 
content is negligible for all practical purposes. Nor can incomplete separation of the 
polycyclics explain the background effect. Exciting the ten component standard 
mixture at 289 we find that there is no peak at 360 nm in the emission spectrum. 

This leaves us with the last premise that the background may be due to column 
overloading. Results obtained by fluorescence measurements on air sample eluates 
indicate that the spectrum of the so-called background is almost identical to the 
spectrum of an air sample extract Not chromatographed. Moreover a curve of log 
background against elution volume has the shape of a typical decay curve. Fluores- 
cence measurements suggest that there is no separation, of this background material 
before 400 ml. On the other hand, we know from ultraviolet measurements that a 
separation of fluoranthene and pyrene is already taking place. The curve of log 
fluorescence intensity V~YSZSUS eluate volume is identical to a curve of I/carbon number 
V~YSZCS log retention volume. Lastly the shapes of the curves vary depending upon 
the exciting wavelength, see Fig. 4, This is an indication that the absorption is differ- 
ent and that a separation could be taking place, since as the emission wavelength is 
increased, the size of the molecule becomes bigger. 

CONCLUSIONS 
I. 

The use of fluorescence is mandatory in the meCasurement of polycyclic hydro- 
*j-r carbons in air samples. Without its use, the analyst would be seriously handicapped 

with regard to sensitivity. With respect to the special problem of BaP analysis, this 
is best carried out by fluorescence rather than ultraviolet absorption~2,1~. From our 
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experience we feel that much of the data on &P-in-air concentrations in the litera- 

ture may be seriously in error. Before the mutual interference of BaP and BlzF were 

pointed out by SAWICKL published measurements probably reflect I3/2l? as well as 

BaPr49 x6. 

x 
k AA 

I I I I 

100 500 
Volume (ml) 

Fig. 4, Log emission intensity of compound S vcwsIts cluatc volume for various emission wavc- 
lengths. 

We can see no evidence for losses on the chromatographic column and accor- 

dingly no need to correct for such losses. It is possible that apparent losses may be 

due to interference from the background. Our present feeling is that the background 

may be due to overloading of the column or, on occasion, to incomplete separation 

of a mixture of hydrocarbons having a common structure. These hydrocarbons are 

likely to be of the two to three ring type. It must be remembered that overloading 

of the column and incomplete separation are different effects, but the influence 

on the chromatogram will be the same. A permanent condition is the fact that the 

aromatic fraction being analysed is only a very small portion of the total air sample. 

Our column is considerably shorter than that used by CLEARY~~, with equally good 

separations, more quickly obtained. 

In air sample analysis two interfering effects may be due to the background. 

Firstly, certain peaks are certainly obscured, which limits the certainty of identi- 

fication. Secondly, the values obtained must: be less than the true value if we exclude 

the possibility of other interferences. Work is in progress to identify the background 

and to evaluate the degree of analytical error associated with it. 

SUMMARY 

In the authors’ experience, no column losses occur during the liquid column 

chromatography of polycyclic hydrocarbons as found in air samples, 
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Monitoring of the numerous column eluates is most rapidly performed by 
recording instruments based on ultraviolet or fluorescence. These instrumental 
techniques complement one another but fluorescence is far superior in sensitivity. 
In the special problem of the analysis of benzo[a]pyrene, fluorescence must be used 
since ultraviolet results are quite unreliable. 

The constant presence of an unknown material, compound X, has been de- 
monstrated in air samples. This may be a lubricating oil residue derived from auto- 
mobile exhaust. 

Work is in progress to identify the “background” and to assess its effect in air 
sample analysis. 
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