
Therrnochimica Acca. 5 (1973) 403407 
9 Elsevier Scientific Publishing Company. Amsterdam - Printed in Belgium 

403 

APPLICATIONS OF THE PYROCHROMm FOR OX-LINE 
ELEMENTAL ANALYSIS OF GAS CHROMATOGRAPHIC EFFLUENTS* 

S. A. LIEBMAN, D. H. AHL!XROM, T- C. CREIGHTON 

Armstrong Cork Company, Research and Deceiopmenf Center, Lancaster, Pa. 17604 (l_5. S. A.) 

G. D. PRUDER and E. J. LEVY 

ChemkaI Data System, Inc., Oxford, Pa. 19363 (U. S. A.) 

(Received 25 June 1972) 

Applications are presented for the use of chromatographic stop-Bow and a duaI 

TM two-stage reactor unit in the Pyrochrom EIementaI Analyzer for identification of 
gas chromatographic effluents. Illustrations of functional group and C, I-I, N. 0 

analyses are given for complex organic mixtures. Sub-microliter samples are routinely 

anaIyzed within approximately 0.5% accuracy limits in a reliable and efficient manner 
to provide effluent on-line elemental analysis and subsec;cent empiricai formula 

determination. 

INTRODUCITON 

Identification of trace levels of organic species which elute from gas chromato- 

graphs (g-c.) has been a difficult analytical probles for many years. Since the chromato- 

gram gives no direct structural %&nation, work&z> ‘_ave turned to ancillary techni- 

ques for peak identif%atic,l. It has been shown, in addition, that small molecule 

pyroIysis can be structuraIIy informative, giving data simiIar to that from mass 

spectrographic analysis I. Our concern for appropriate chemical information being 
obtainable in a realistic time for organic chemists and anafysts, M-ith or without com- 

puter avaJIabiIity, led to a combined engineering-design and development program by 

the Chemical Data Systems Corporation and the Armstrong Cork Company. This 

project resuited in a new, relatively simple, and inexpensive general tool which is 

rapid and accurate for the analysis of gas chromatographic efluents. On-line cteter- 

mination of the empirical formula of a g.c. peak has been accomplished in lieu of 

spectroscopic or trapping equipment. 

*Presented at thr Ifiermal Analysis Methods Symposium”, A. B. Wist. Chairman, Pittsburgh 
Conference on -~.naIytkd Chemistry and Applied Spectroscopy, Cleveland, Ohio, March 6-10,X972. 
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RESUL-A-S AND DISCUSSION 

We have previously presented the original design for the modular reactor 
system and data treatment’-2. An advanced modification of the Pyrochromm 
Elemental Analyzer, originally established for controlled thermolytic-dissociation 

patterns and functiona&group analyses of g-c. effluents, now includes a dual two- 
stage reactor system. . 

Experimentaliy, Fig. 1 shows schematically the equipment necessary to obtain 
such empirical-formuIa data on samples directly injected into the PyrochromTM or 

as transferred species in a gas stream from a -emote g.c. # 1 unit. 

EQtllPYEliT SGI’EYATIC lx =‘f-==F=l 

Fig. 1. Equipment schematic for trace organic analysis. 

The flow scheme necessary to accorv-?,lish the detailed analysis has been shown 

previously’. Whether or not the sample i; a direct injection or a transferred peak, 
one has the option to bypass the reactor system and analyze further on the internal 

PyrochromnS chromatographic column or to send the sample through either of two 
reaction sequences. There are duai reactor lines. one of which is filled in two stages 
with catalysts to accomplish the oxidation-reduction (CHN) analysis, while the other 

reactor line is maintained for noncatalytic, functional-group analysis- For CHN and 
0 anaiysis, the Iatter reactor line contains a Pt,/carbon cataiyst for oxygen determina- 
tiox by conversion to CO. 

In order to perform these analyses, wheiher they be the catalytic C, H, N, 0 
determination or functional-group study, a unique stop-fiow arrangement briefly 
noted in our work’ was set up in g-c. # 1. A sample could thus be injected into the 
analytical chromate-graphic column of g-c _ f 1, separated in the usual fashion, a valve 
turned to stop-flow for each peak as it emerged, and subsequent analyses couId then 
take place- The approximate S-minute time delay for each of such determinations 
caused no noticeable peak shape or relative retention-time variations in the original 
chromato_mm_ This was illustrated by a four-component mixture of I-microliter 
total volume being separated and each peak transferred through the noncatalytic 
functional-group reactor line and analyzed on the PyrochromT” internai column. 
Within 45 minutes, the identification of a hydrocarbon, ester, ketone, and aIcoho1 
had been accomplished. The species may also be directed through the catalytic CHN 

reactor line and identified according to its corresponding elemental analysis. 
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Illustration is given :XIDW for the approach taken for zn unknown mixture of 

compounds using a I-r,Iicrol%er total sample injection into g-c:. # i _ A chromatogram 

is obtained for the con:$ex mixture typicalIy encountered f-Jr trace organics within 
the polIution-analysis field (Fig. 2)_ Two peaks, appear+ in approximateiy 5 and 70 

TRACE OR6ANlC ANAlYSlS 
7 

’ UNKNOWN HIXIL!RE 
! I-r!lTER SOLrJTfON 

C $1 CHROYATO6RAW : : 

: ; 
: : 

: ;=I 

jJRIwSfER 

/ 

. . . 

Fig. 2. Trace organic analysis for an unknown I-microIiter solution. 

percent concentrations, were chosen for sequential analysis and their functional- 
group data from one reactor line were determined. Then, the corresponding eIementai- 

analysis data were obtained from the other reaction line. With this informarion, 

either from deductive organic chemistry or computer-generated formulae which 

could conceivably have these ccbmbined data, the chemist is equipped to identify the 

species. Within an hour, separation, transfer, analysis, and interpretation zan be 

completed on a I-microliter sample. 
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An example is also shown of an application to polymer chemistry and degrada- 
tion studies (Fig. 3). The polymer sample was pyrolyzed and a typical pyrogram 
consisting of more than a dozen peaks was obtained. Certain components in a pyro- 

.: 
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Fig. 3. Trace organic analysis for 2-3 miIIigrams solid polymer. 

gram from pcly(viny1 chloride) are of specific interest as they may relate to trace 

amozlnts of additives from the polymerization process which beco-xe i~olved in the 

degradation mechanism or to the basic microstructure of the polymer system. The 

functional-group analysis for these sekcted species was obtained, as we!! a: their 

elemental data; the deduced structures were those of benzene and toluene. Again 

within an hour, signikant analytical information had been generated on a polymer 

sampIe of 2 to 3 mg undergoing pyrolysis/de_mdation. 
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CONCLL’sIONS 

It is concluded that direct, chemically informative data can be obtained 07 
minute samples emerging as eflIuents from a ,e.c_ unit or directly injected into the 
PyrochromM Elemental Analyzer. As for most cases in organic analysis, complemen- 
tary methods are utilized to solve compiex mixture and structure problems in an 
optimum fashion. We now have a commercially available tool thar combined micro- 
chemical and reaction organic chemistry to the powerful capabilities of gas chroma- 
tography- In certain cases, even further confirmatory data beyond functional group, 
elemental analysis, and g-c. ret zntion time may be needed to complete an identification. 
However, for an overwhelming number of situations found in industrial research or 
consulting laboratories, or for individual organic chemists studying polymer charact- 
erization, reaction mechanisms, kinetics, catalysis, or proof of structure, this direct 
and concerted analysis in a realistic time appears to be sufficient. 

The further use to extend specialty elemental analysis to other heteroatoms by 
catalytic means and establish minimum detectable limits for the analyses will con- 
tinue, as will applications to problem-solving for research, development, and proces- 
sing situations at the Armstrong Cork Company. 
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