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Recently, we have discussed the problem of making a ra- 
tional selection of a restricted set from a large number of 
available chromatographic systems for the separation of a 
particular group of substances. A clustering technique, 
called numerical taxonomy, was proposed for this purpose 
and applied to TLC ( I )  and GLC (2, 3). A question which 
remains unanswered, is how many chromatographic sys- 
tems must be chosen. For GLC, this question was answered 
by Dupuis and Dijkstra ( 4 ) ,  who have shown that informa- 
tion theory allows one to calculate the amount of informa- 
tion obtained, if one knows the standard deviation of the 
retention index distribution (which was shown to be Gauss- 
ian for the GLC columns) and the correlation coefficients 
between the columns. The amount of information can then 
be compared with the amount of information needed. 

Connors ( 5 )  has addressed the question of how many 
TLC and/or PC (paper chromatographic) systems should 
be used in seeking evidence of identity. By system is meant 
here, the combination of any particular stationary phase 
with a developing solvent. This author considers the distri- 
bution of the Rf  values of a set of substances over lom cells 
in a separation space defined by m supposedly indepen- 
dent systems. For example, when m = 2, the Rfx-Rfy di- 
agram is divided into lo2 cells, each with dimensions (0.1)2 
(in R f  units) and two substances are considered to be sepa- 
rated when they are found in different cells. If one counts 
the number of cells containing 0, 1, 2, 3, . . , substances 
then, according to Connors, a Poisson distribution given by 

is obtained. p ( k )  = the probability that k points will be 
found in a cell. X = TIN, where T = total number of points 
and N = total number of cells. 

The author gives experimental evidence for four such 
cases and concludes that the agreement between theory 
and experiment is rather good. The Poisson distribution is 
thought to occur in all cases, where the m systems are inde- 
pendent. Although this is not said explicitly, this should 
also be the case for rn = 1. 

These observations and proposals have been submitted 
to a critical examination by us. Although a x2 test cannot 
be carried out for the examples cited by Connors, one can 
conclude that the experimental distributions in the exam- 
ples of this table agree well with the proposed Poisson dis- 
tribution (the X2-test cannot be carried out because the 
number of degrees of freedom is found equal to 0 in all 
cases: the number of degrees of freedom is obtained by sub- 
tracting 2 from the total number of classes, of which the 
theoretical frequency exceeds 8). However, when this prop- 
osition is investigated more thoroughly, it  appears that  this 
agreement occurs only in a very limited number of cases. A 
Poisson distribution is obtained when there is a random 
distribution of points, or, as Connors puts it, if the proba- 
bility of occupancy of a cell by a point is independent of the 
location of the cell. This is rarely the case, as many practic- 
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ing chromatographers know, and there are two main rea- 
sons for this. The first is that in the set of substances, pairs 
or larger groups of very strongly related substances often 
occur. These are nearly always to be found in the same cell, 
so that there can no longer be a question of randomness in 
distribution. Such pairs occur in nearly all sets. In the set 
of 26 water-soluble food dyes, which served as an example 
in the article in which the selection procedure with numeri- 
cal taxonomy was introduced ( I ) ,  Orange GGN and Sunset 
Yellow occurred in the same cell in all 10 systems. 

The second and more important reason is that in most 
systems not all Rf  values are equiprobable. To show this, 
the distributions were determined for all the Rf values in 
the different TLC systems given in chapters by MaEek (6) 
about synthetic drugs (1317 Rf values), by Luckner (7) 
about drugs extracted from plants (692 R f  values), by Sun- 
shine (8) for toxicologically important drugs (1518 Rf 
values), and by Moffat (9) for PC and TLC of basic drugs 
(800 Rf values) (Figure 1). 

To avoid confusion between the distribution of Rf values 
given in Figure 1 and the Poisson distribution of the cells 
according to their occupancy, we shall in this article call 
the former R-distribution and the latter P-distribution. 

The data used cannot be considered a biased set of data 
since use has been made of all the Rf values of a complete 
chapter or, for Moffat's set, of a very large data set. 

Neither can it be argued that inefficient TLC systems or 
systems which do not constitute a good choice for the sepa- 

Table I. Number of Cells Containing k Points 
(Data  from Ref. 10) 

k System Theory,a % 

1 2 3 4 5 6 7  
0 5  3 5 2 5 2  0.1 

0.7 1 1  1 1  
2 1  1 2 2.3 
3 2 3 2 1 5 1  5.4 
4 1  3 3 4  9.3 
5 1  2 3 1 3 3 13.0 
6 2  1 2  3 2 1 3  15.0 
7 1 1 2  3 14.9 
8 2  1 1 1 1 12.9 
9 2  2 1  10 .o 

10 1 2 1  6.9 
1 1 1  1 1  1 1  4.4 
1 2  1 2.5 
13 1 3 2 1  1.4 
14 1 1 0.7 
15 1 1 1 1  0.3 
1 6  1 0.1 
17 1 2 1 1 1  0.1 
1 8  1 2 1 0 .o 
19 1 
23 1 1 
3 2  1 
$' 44.6 36.9 38.3 20.1 45.7 61.3 16.2 

2 1  

Poisson distribution for 139 points in 20 classes. 

ANALYTICAL CHEMISTRY, VOL. 47, NO. 13, NOVEMBER 1975 2275 



c 

I +l 
1 I 

0 . 5  l.0 R,’ 0 

100 .  

5 0  I - 
I 
1 I b 

R,  0 0 . 5  

f 

100 

5 0  

C 

0 

0 . 5  

5 0  

1 I 

’.O R: 0 0 . 5  

Figure 1. Distributions of TLC Rt values for synthetic drugs (A) Ref. 6; drugs extracted from plants (B) Ref. 7; toxicologically important drugs (C) 
Ref. 8; basic drugs (D) Ref. 9 

ration of the substances concerned were studied: the sys- 
tems from which the Rf values originate are generally ac- 
cepted as among the best available. I t  can be seen that in 
each case, Rf values of more than 0.75 are distinctly less 
probable than Rf values around 0.5. The same is true to a 
lesser degree for Rf  values between 0.01 and 0.3. On the 
contrary, values of 0 are more frequent than many other 
values. 

I t  should be realized that the R-distributions of Figure 1 
represent mean situations and are not illustrations of indi- 
vidual systems. In fact, whereas in a given system generally 
the same type of distribution is found, different systems 
can have dissimilar R-distributions. These can go from 
more or less rectangular, to pseudo-normal (most values 
around 0.5), U-shaped (many low and high values), or 
skewed with most values in the first half of the plates or in 
the last half. One has to conclude that not only is there no 
equiprobability of Rf values and therefore also no Poisson 
P-distribution, but also there is no other generally valid R- 
or P-distribution which would allow calculations about the 
number of systems that are sufficient for a specified degree 
of separation. 

To  demonstrate that the P-distribution is generally no 
Poisson distribution, we have investigated more particular- 
ly some of the few available systems where sufficient data 
are present, namely the 7 systems proposed for 139 thera- 
peutically significant organic bases by Sunshine (IO). In 
Table I, the data have been classified according to the 
number of cells containing k points. For these large sets, a 
smaller dimension (0.05 Rf units) is used than the one pro- 
posed by Connors (0.10). This has no influence, however, 
on the conclusions. 

In each system, a Poisson distribution with X = 139120 
should be found (except for system 7 where X should be 
130/20). This cannot be tested with a x2 test because the 
number of occurrences is too small. From a visual compari- 
son, with the theoretical frequencies in Table I, one ob- 
serves however that the frequency of cells with 0 points or 
with an occupancy of 10 or more seems much higher than 
theory would permit. A test which can be carried out is the 
computation of the variance which for a Poisson distribu- 
tion should be equal to the mean (6.95 or 6.50, resp.). I t  is 
quite clear from Table I that this is not the case. 

Although we do not doubt that in some cases a Poisson 
P-distribution can be found, the same observations which 
have been made for the data sets cited, can in fact be made 
also for many of the 2-dimensional systems used as illustra- 
tions by Connors. A cursory investigation shows that 20 out 
of the 35 systems investigated by this author have frequen- 
cy of Rf values <0.2 or >0.8 which is much too low. This is 
not surprising since Connors states “that (it is desirable 
that) Rf values fall in the range 0.2-0.8 and not near 0.0 or 
1”. However, in that case, the proposed calculations should 
not use N = 100 cells but rather N = 36. 

Since all systems, where Rf values of <0.2 or >0.8 are 
frequent, seem to have been excluded and since Connors’ 
calculations are erroneous for the other systems (the value 
of N used is incorrect), it is obvious that the proposed Pois- 
son distribution can only occur by chance in a few cases. 
Connors’ conclusions about the number of systems to be 
used as a function of the number of substances in the set 
are therefore not generally valid. They do provide a tool to 
calculate the number of systems required for identification 
under certain assumptions, namely that the Poisson distri- 
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bution describes all systems employed. As explained in the 
present article, this is rarely the case. Since all the phenom- 
ena which are discussed here lead to a lesser degree of sepa- 
ration, his conclusions may be considered as giving the 
lower limit of systems necessary to carry out the identifica- 
tion, but not the number that is sufficient in practice. This 
limit is however of entirely academic interest. 

I t  also follows from these considerations, that unlike 
GLC it is not possible to calculate a priori the number of 
TLC andlor PC systems necessary to obtain the separation 
of a given set of substances. Instead one has to determine 
what are the best combinations of 2, 3, . . . systems and to 
evaluate the results obtained. An objective way to do this, 
is to select the best combinations, using numerical taxon- 
omy, and to evaluate the results using information theory 
(I)  or the discriminating power concept (9). 

Finally, it  should be added that our criticisms concern 
only the possibility of applying Poisson distributions to de- 
scribe the results of TLC or PC separation procedures in 
practice. Connors has made the very useful point that  un- 
correlated systems are better than correlated systems for 

identification purposes. The R f x ,  Rf,  plots introduced by 
him, constitute a practical visual guide to identifying the 
former. Numerical taxonomy and other classification pro- 
cedures allow this achievement in a more formal way. 
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Pulsed lasers have been well characterized as intense and 
rapid thermal sources for pyrolysis-gas chromatography 
( I ) .  Impinging a focused laser beam onto a sample con- 
tained in a quartz tube attached on-line to a gas chromato- 
graph permits a rapid and convenient method for sampling 
high-molecular-weight solids. This method shows good 
promise for the characterization of a variety of different 
sample types (2). 

Intense laser pulses couple into solid samples to produce 
significant thermal degradation. However, milder condi- 
tions of pyrolysis, using energies in the one joule/pulse 
range are not always absorbed efficiently and, consequent- 
ly, little sample degradation results. Several methods have 
been described to circumvent this problem. Work has been 
described in which carbon has been introduced into the 
sample (3, 4 ) .  In this way, absorbing centers are introduced 
and the thermal energy is then transferred into the sample. 
Other workers have described converting samples into ab- 
sorbing derivatives ( 5 ) .  Organic acids which did not pyro- 
lyze were converted to copper salts which could be effi- 
ciently degraded. Samples have also been deposited on 
solid absorbing materials (6). Laser energy deposited into 
the solid is then transferred into the sample. Each of these 
techniques has limitations. 

Carbon loading on organic compounds clearly. changes 
the product distribution pattern (4 ,  7). Loading carbon 
into a sample changes the energetics of the plume quench- 
ing process to lead to a more carbon-rich distribution. 
Much information about the sample is lost using this pro- 
cedure. Formation of derivatives is a complex chemical 
process involving considerable sampling time and some 
chemical systems (polymers, for example) are not easily 
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coupled to absorbing centers. Impinging the laser energy 
onto a solid absorbing center spreads and lessens the pulse 
intensity. This readily follows from heat capacity consider- 
ations. Thus, work in these laboratories has centered upon 
finding loading materials which have the experimental sim- 
plicity of carbon but do not change product distributions. 
This led to a series of experiments where powdered metals 
were intimately mixed into organic compounds for laser py- 
rolysis-gas chromatography (LPGC). We report here infor- 
mation that suggests that powdered nickel is especially 
convenient for this task. 

EXPERIMENTAL 
The laser used for this study was a TRG 104-A pulsed ruby sys- 

tem. The laser was powered by a Xenon flash lamp with 840 joules 
of input energy. Measured output energy was approximately 3 
joule/pulse. The laser energy (694.3 nm) was focused using a 21-cm 
quartz lens onto the sample contained in a 6-mm quartz tube at-  
tached directly to the input port of the GC used for product sepa- 
ration and analysis. 

The gas chromatograph (Varian 940) was equipped with a 15-cm 
precolumn (Poropak S, 100-120 mesh) in series with a 1.8-m ana- 
lytical column (Poropak Q, 100-120 mesh). Work was done iso- 
thermally at  150 "C (using helium as the carrier a t  25 ml/minute). 
The results were obtained with the FID coupled to a CSI-208 digi- 
tal integrator. 

Two compounds were selected for pyrolysis: anthracene and 
cholesterol. Nickel powder, 100-200 mesh, was ground with the 
sample to intimately mix the sample with the absorbing center. 
Various concentrations of nickel were prepared by transferring 
samples into a stainless steel die and pressing at  20,000 psi. Sam- 
ples were then removed from the press and transferred to the py- 
rolysis chamber. Helium flow was established past the sample and 
the laser fired. 

RESULTS AND DISCUSSION 
The results of laser-induced pyrolysis with two different 

hydrocarbon compounds are described here. One of these, 
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