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The separation and analysis of small quantities of substances in the presence 
of large amounts of similar material is a common problem, encountered, for example, 
in the identification of impurities in petroleum fractions* and in the measurement of 
yields of products in the pyrolysis of olefins 2. In the latter application we required the 
separation and analysis of cis- and fra~ls- I ,2-d imethylcyclobutane from the thermal 
reaction of butene-2 and ethylene at 420”. The reaction products were largely olefins 
ranging from Ct to C8 and the yield of dimethylcyclobutane represented about 0.04 ‘x 
of these products. Small quantities of paraftins may usually be separated from large 
amounts of olefins using a liquid phase which preferentially holds olefins. In a mixture 
containing a wide range of olefins, diolefins and cyclic compounds, however, such as’ 
obtained from a pyrolysis reaction, this technique will result in theoverlapofthe paraf- 
fin peaks by olefins of lower carbon number. To overcome this problem a technique 
using trapping and re-injection with packed columns has been applied from which 
quantitative measurements were obtained. 

Numerous trapping and re-injection techniques have been described. In most 
of these the sample is trapped, removed and re-injected on a second apparatus3^5, or 
trapped and re-injected without interruption of the flow”. In the present application 
an arrangement of valves allowed the trap to serve as the sample loop and the second 
separation did not suftfer undue broadening. 

EXPERIMENTAL 

The analyses were performed on a Hewlett-Packard Model 5750 gas chroma- 
tograph with a flame ionization detector and valves made by Carle, Valco and Lorenco 
were used. The complete reaction mixture was injected by means of a glass “crusher” 
onto a 8.5 m x 6 mm column, F (Fig. l), of squalane on Chromosorb W (flow-rate 
80 ml/min). Because of the relatively large difl’erence in boiling point between the cd.+ 
dimethylcyclobutane (66.3”)’ and trans-dimethylcyclobutane (56.8’)” the two isomers 
were well separated on this column. Using the arrangement of valves shown in Fig. 1 
the fractions eluted with each isomer were trapped separately with liquid nitrogen 
and then injected successively onto the second (4 m x 6 mm) column, S, of Durapak 
(,I-octane on Porasil) (flow-rate 40 ml/min), Both columns were maintained at 60”. 
An example of the chromatogram of the reaction mixture on squalane without trap- 
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Fig. 1. Arrangement of valves. Explanation of Icttcrs: see Expcrimcntal. 

ping, together with thechromatograms of each trapped fraction on Durapak, is shown 
in Fig. 2. The fractions trapped from the squalane column contained the saturated 
dimethylcyclobutanes with olefins and diolefins of similar boiling point. On the Dura- 
pak column these olefins were retained and the cyclobutanes were quickly eluted. 
The first peak on the chromatogram for rvans-dimethylcyclobutane is cyclopentene, 
which represents the tail end of a large quantity eluted before dimethylcyclobutane on 
the squalane column. This compound is one of the main products of the reaction. It 
should be noted that the fraction containing fratrs-dimethylcyclobutane appears from 
the analysis on the squalane column to contain only two or three components, but 
re-injection on the Durapak column shows the presence of six components. 

-ikkz 
-b,eacaDI - ‘I @J#cIDl- 

Fig. 2. A typical analysis of the products of the reaction bctwccn ethylcnc and Ircrrrs-butcnc-2 in the 
initial stages of the reaction. The two large peaks at the bcginningarc the reactants. These are followed 
by a group of CS products and a large group of C,, products. The numbers ubovc the arrows indicute 
the attenuation of the signal. The letters below the chromatograrn indicate the position of each valve 
at each staSc of the analysis. 
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The traps T1 and Tz (Fig. 1) were made of 25 cm of 6 mm O.D. copper tubing 
packed with fine glass beads. The loss of signal at the detector during the trapping 
showed that retention was complete. Calibrations with and without trapping showed 
that even for a quantity as low as 0.8 ,ug of dimethylcyclobutane loss by trapping was 
less than 5 %. A necessary precaution was the maintenance of the valve D at about SO”, 
particularly during trapping. 

DISCUSSION 

The system described has the stability necessary for applications requiring 
quantitative analysis. Calibrations with an error of & 5% were achieved with amounts 
of dimethylcyclobutane ranging from 0.8 to IOpg and amounts of cis- and ttx~ns- 
dimethylcyclobutane as low as 0.03 ,ug have been analyzed with good reproducibility. 
The re-injection procedure caused no loss of sensitivity in the second analysis. partly 
because operation of the columns in parallel allowed high flow-rates to be maintained. 
An important feature of the system in the present application was the analysis of two 
fractions separately trapped from one injection, which allowed an accurate measure 
of the ratio of frms- to cis-dimethylcyclobutane. With the necessary valve arrange- 
ment any number of fractions could be trapped from one sample. 

ACKNOWLEDGEMENTS 

The authors thank Dr. Claude Richard, Universite de Nancy, Nancy, France, 
for the samples of cis- and fin/w-dimethylcyclobutane, and Dr. R. J. Cvetanovic. 
National Research Council of Canada. for help with the initial identification of pro- 
ducts. This work was supported by grants from the National Research Council of 
Canada. 

REFERENCES 

I J. Gawlik, W. Golba and P. Szynagcl, J. Chronrccto~r., 65 (1972) 165. 
2 T. Sakai, K. Soma. Y. Sasnki. H. Tominapa and T. Kunugi, At/vnrr. Clren~. Sw., 97 (1970) G8. 
3 E. Houghton, J. Chrot~rato~r.. 90 (1974) 57. 
4 R. G, Browlec and R. M. Silverstein, Anal. C’/wm.. 40 (1968) 2077. 
5 B. A, Bicrl, M. Bcroza and J. M. Ruth. J. Gus C/tror?m/u.gr.. 6 (1968) 286. 
G K. E, Murray, J. Shipton and F. l3. Whitficld, Amt. J. C/rem., 25 (1972) 1921. 
7 H. R, Gcrbcrich and W. D. Walters, J. Amer. Citent. Sot., 83 (1961) 3935. 
8 Ii. R. Gerbcrich and W. D. Walters. J. Anrw. Cltem. Sot., 83 (1961) 4884. 


