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SUMMARY 

Some methods are proposed for the improved concentration of impurities from 
complex mixtures prior to analysis. The introduction of impulse of solvent increases 
the condensation cf the impurities in the traps. 

The ase of gas chro:::atography (GC) for resolving mistures enables ban&of sep- 
arated components to be obtained at the column outlet, from which bands the 
components can be isolated and collected, pro:!ided that their concentration is 
adequate. 

in preparative GC, in order to facilitate the collection of components present in 
1,. ~.~rncc;ntratirms, large sample volumes, low-temperature cooling of tilt: :r:lns. 

illg tlie traps with adsorbent% electrostatic precipitators, etr., are used*. Under 
tl& conditions, however, it is very difficult in b:actice to trap components that 
are present ir, cnncentratiulis below 0.1 “//o. 

For analytical purposes, in particular for identification, it is not always neces- 
sary to isolate the trace compcnent, as it may suffice to raise its concentration to 
the sensitivity level of the identification method being used. For this purpose, pre- 
parative-scale chromatography can be used in two versions2. 

The first procedure involves trapping the total amount of impurities before 
or after the main component, with sampling according to elution time, without the 
use of detection, as one is generally faced with the problem of raising the concen- 
tration of impurities that are not recorded by the detector under these conditions. 
This method is suitable, for example, for concentrating impurities from alcohol- 

water mixtures (Fig. I). 
The other procedure faciiitates the improved isoiation of the impurity by 

superimposing on the band of the impurity the band of some other easily condcns- 
able substance. In this instance, the admisture is captured within the volume of 
the gas space of the trap by the solvent introduced, and a combinatic?;j of the con- 
densation of the substances and of the trace impurity is effected. 

If, as tile condensing agent, the same main component is used from which the 
admixture is isolated, then with various volumes of the sample introduced a concen- 

trarion effect is produced. 
The superimposition of the battds cf the condensed and condensing agents 

can be achieved in a variety of ways. The simplest is the overflowing impulse met1196 
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which involves the introduction during one cycle of a large and small (additional) 
portion of the original mktwe. Depending on the location on the chromatogram 

of the admixture in question relative to the main component, the additional portion 
is introduced either before or after the introduction of the principal, large portion 
of the sample from which the concentration is made (Fig. 2). 

(OJ JIJ LK 
Fig. I. General principles of concentration of impurities by prcparatire chromatography, by 
(a) simple condensation and (b) condensation with additional flow. 

EK 2 Genera! principle of concentration by the capture method. 

=\s an esample, the impurities in toluene, with a total content of eight impurities 
amounting to 0.7 yO, were concentrated on an “Etalon I” preparative chromatograph. 
The analytical chromatogram af toluene is shown in Fig. 3. The separation (prepam- 
tive-scale GC) was carried out on polyethylene g&co1 adipzte coated at a level of 
25 ob on a Spherochrom-r support (0.5-I mm iraction) . The column was 30 mm I.D. 
and 3.2 m long: the thermostat temperature was 75 , the vaporizer temperature 
I~o’,; and ‘ihe carrier gas flow-rate was joo ml’min. 

Prim to the concentration step, preparative chromatogams had !xen obtained 
separately for toluene sample volumes of 20 ml and 2 ml. Then the chromatogam 
of the small portion of tile sample was superimposed on the chromatogram of the 
large portion on d similar time scale in such a way that the begmning of the elution 
of the main component of the small portion coincided with the elution of the impurity 
to be concentrated from the large portion. The zone of the impurity was completely 
covered by the main component of the small portion of the sample. From the super- 
imposition, the time of shift of the origin of the chromatogram was determined, which 
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corresponded to the required difference in the introduction times of the large and 
small portions. The combined chromatogram is shown in Fig. 4. 

j&Ii.: 
0 10 20 

Time (min) 

lcit:. 3. Chromatogram of the initial sample of chemically pure grade tolucnc. Conditions of 
anarjsis (analytical GC) : polyphenyl ester. I 3 o/o on Celite 345; column length 3 m; temperature 
7.i ‘; tevapornc”: = r:o”: Po*:-rate -7 50 mljmic; I* = I ~1. 

t-/ -----T--- 
Light impurities ’ heavy impwties 

Fig. 1. l%qxuative chromstogram of superimposition in concentrating the “front” and “tail” 
peaks with the introduction of two additional portions. Solid lint. chromatogram of the main 
portion, so ml; broken lint, chromatogram of the additional portions of chromatographically 
pure toluenc, 2 ml. 

The concentration was effected by the consecutive introduction first of 2 ml 
and then of 20 ml. The difference in the times of introduction in the instance con- 
sidered was 15 min. The traps for collecting the admixture concentrates were switched 
on for the time of elution of the main component of the additional portion of the 
sample. During the remaining time, a discharge trap or a trap for the main component 
was operated. \\llen the traps were cooled with water at x5 :, the output of concen- 
trate was 0.5 ml, and of toluene 12-q mi, The chromatograms of the products 
collected are shown in Fig. 5. From a comparison of Figs. 2 and 5, it is evident that 
the concentration of impurities in tolucne has inrreased. In addition to this con- 
centration effect, a chromatographically pure product from the main portion was 
obtained. 

To concentrate impurities cluted after the main compcnent, the superimposition 
of chromatograms is carried out as shown in Fig. 4, i.e., the additional portion is 
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introduced after the main portion. The chromatogram of the concentrate obtained 
is shown iu Fig. gb, which shows that the content of the “tail” admixtures has 
increased, while the “front” admixtures are absent. The output of the concentrate 
and of toluene remained about the same. 

(b) 

cl 20 
Time Cmin) 

Fig. 5. (a) Chromatopam of the t oncentratc or Imlmrities elutetl before the main component 
and of the tolucne of the mhin fraction. illi Chromatoqam of the concentrate of impurit::s 
eluted after the main conrpwnt. I’w cunditious of separation, see Fig. 3. 

The introduction of two or more additional portions, before and after the 
introduction of the main sample, enables the concentrates of advancing and 
“tailing” admixtures to be obtained separately from a single sample; it is possible to 
concentrate separately each impurity. To achieve this it is necessary to shift the time 
of introduction of the additional portions in accordance with the time of elution 
of the impurities. The method is also applicable to admixtures obscured by the 
“tail” of the main component. 

An important variable for this concentration is the difference in the vohrmes 
of the large and small portions. The greater the difference, the smaller is the volume 
into which the admixture is concentrated, and the greater is the effect of the concen- 
tration . 

Provided that complete condensation of the main conrponent of the additional 
portion is achieved, the enrichment coefhcient should be equal to the ratio of the 
VO!sXX§ s.6 the WV.+ qnd the wL4;tiow,1 “1 Cllk. ‘..U. 1 w.. --II. ..Y. portions. \.Yi?h incomplete c::ndensation, 
the coefficient ma5 be greater than this ratio, ix., wncentration takes place in a 
smaller volume of the condensing component introduced, and the effect of concen- 
tration can be increased &: more than two to four times with a constant ratio of the 
volumes of the portions introduced. 
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in the case considered here, the maximum enrichment coefficient was 23 with 
a ratio of the portions introduced equal to 10. For most of the impurities, the en- 
richment coetlkient was greater than IO, which may be partially explained by an 
incomplete, partial condensation of the toluene of the additional portion and by 
easier conditions of condensation of the impurities. 

It was found that the concentration of trace impurities present in a substance 
in tenths and hundredths of one per cent can be achieved. 

If the concentrate obtained is repeatedly introduced into the chromatograph, 
as the main portion of the sample, then on the introduction of the additional portion 
the effect of concentration will accordingly increase and reach 100-200 relative to 
the initial mixture. Fig. G is an example of this repeated concentration with a ratio 
of the volumes of the portions introduced equal to 4. 
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Fig. 6. Chromatogram of toluenc: (a) original; (b) after the first concentration: (c) after repeated 
c-mcentration. 

_Is the conciensinff agent, any sub. atance can he used for which it is desirable 
and possible to carry out iclentitkation in subsequent work. 
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