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Hydrocarbon species were cryogenically concentrated and sep.arated using 

subambient temperature programming and a 60 m S£-30 fused silica capillary 

column. The column effluent was split to a .PID and a FID. Normalized response. 

ratios for a variety of hydrocarbon species and classes are reported. The$e 

II 
response ratios provide an ad~it!c?nal tool for identification of organics in 

ambient air • 
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Abstract 

Chromatographic separation of C2. - C1 o hydrocarbons was obtained in a 

single analysis using a 60 m SE-30 fused silicil capillary column and sub• 

ambient temperature programming. The column effluent was split to a PID 

... 

and a FID detector, which were operated simulta11eously. The effect of varying 

PID and splitter operating parameters on PID/FID response ratios and PID 

sensitivity is discussed. Retention time and normal.ized response data are 

presented for 144 compounds including alkanes, alkenes, aromatics, aldehydes, 

ketones, and chlorine and sulfur c()ntaining hydrocarbons. Averaged normalized 
I' 

response data can be used to estimate chemical classes of organic compounds 

in ambient air • 

,,, 
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Volatile organic compounds present in the at:losphere are of interest 
I 

since some of these are known toxi*s or irritants. Also, certain classes of 

organic compounds pa:rticipate in photochemical reactions resulting in the 

fopnationcof irritating atmospheric oxidants (pzone, PAN) and smog. Current 

regulatory policies are attempting, to control atmospheric oxidants by de-

creasing emissions of oxidant precursors, particularly hydrocarbons and oxides 

of nitrogen. Information on hydrocarbon species present in ambient air is 

important to help pinpoint source~.of emission~, as well as to provide data 

necessary for photochemcial modeli11g studies. In addition, with the recent 

incr~sed awa;-eness of the problems assoc4ted with hazardous waste disposal, 

there is a need for techniques to monitor emissions in the air around disposal 

sites • 

The determination of hydrocatbon. species in ambient air has routinely 

been accomplished by cryogenic conc~tration, followed by gas chromatography 
,,I ,,,, 

using name ionization detect,ion. However, the compounds normally of interest 

for photochemical modeling (C2 - ~lo) have boiling points ranging from •l02°C 
:i I 

to +190°0. In order to cover this boiling point range two or three different 

chromatographic analyses (1,2) hav~ been required. Furthermore, the use of 

flame ionization detection does not always provide sufficient 4ifferentiation 

of hydrocarbon species within different classes. This is very important since 

different hydrocarbon classes (all<;ai:ies, alkenes, aromatics, aldehydes) display 

varying degrees of photochemical r~activity (3). Subtractive techniques bave 
i' 

been used to provide add:iti~l cl;ass information (4). However, this approach 

adds additional chromatographic aruyses. Mass spectrometrometric detectors 

provide suffcicient information for qualitative identification of many organic 

compounds present in the atmosphet;e. However, it is o,ften difficult to diffe­

rentiate between various aliphati!c hydrocarbon species by mass spectrometr~h. 2 0 6 
l 200 
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and quantitation of C2 and C3 species is difficult. Because of these reasons, 

a11d the expense involved, GC/MS techniques a·re not routinely used to analyze 

ambient air for c2 - clO hydrocarbOn species. 

In this paper a method is discussed vbich provides quantitative evalua­

tion of the C2 - C1 o organic content in ambient air in a single c:hromato-

graphic: analysis. This was accomplished through high resolution chroma to-

graphy and subambient temperature programming. To proviqe additional identi-

fication power, a photoionization <Jetector and a flame ioniza.tion -detector 

were used simultaneously. The flame ionization detector responds to com-

pounds on the basis of carbon content, hence it serves as a universal detector 

for hydrocarbons and is good for quant·iative purposes. The photoionization 

detector responds to compounds based on their ionization potentials, t.lbic:.b in 

turn is dependent on the degree of wisaturation in the moiecUle. A study of 

the PID response as a function of molecular structure has been performed (5). 

By calculating a ratio of the resp:~nse be.tween the two detect.ors. it was 

possible to estimate the degree of
1

unsaturation (and chemical class) for a 
,, 

compound producing a given chramat1~graphic: pea,k. Tbe chemical class infor-
:! 

mad.on provided by the dual detec:t(ir teelUlique proved to be a valuable tool 
,!'I 

when used in conjunction with GC retention time data for species identifica-:, !" ·-. ·-

tion. 

The initial application of P~ and FID detectors to hydrocarbon analysis 

in a gas mixture was published by ~Driscoll, et.al (6). Al.though this early 
I 

work did not involve simultaneous :~e of the detectors and only was applied 

to a c, - C8 hydrocarbon gas mixtu~e, the potential utility of the technique 

was demonstrated. For the present work, a variety of organic: compounds which 

·0·.. 2·0' 
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may be of interest in the at:nosphere, were studied. Chromatographic retention 

time data and nonnalized PID/FID responses will be presented for alkanes, 

alkenes and dienes, alkY'tleS, ar~t·i~s, aldehydes, ketones, saturated and 

unsaturated chlorinated hydrocarbons, and sulfur containing hydrocarbons. 

Experimental 

A schematic diagram of the a~~ytic~l system wbicb "W&S used in this 

work is presented in Figure l. The system was designed to accept air samples 

collected in pressurized canisters, polymeric bags, or on solid sorbents - - II I 

I 

(via thermal desorption). The fi~st step of the analysis involved removal 

of moisture. This was accomplished using a 24 inch single tube Perma Pure 
' 

Drier (Per1114 Pure I~c. , Farmingd.ale, "NJ). Typical sample flow rates through 

the drier were 100 mL/min and purge rates were maintained at 1000 mL/t:nin 

of UH~ air. The drier was heated to 60°C and purged for lG-15 ''llinutes be-

tWeen analyses. After the removal of moisture, organic compounds were sepa-

rated from the ambient air matrix and concentrated on a 6 inch by 1/8 inch . ' . ' 
o.d. nickel tube packed with 80/100 mesh glass beads and cooled in liquid 

. ' 

oxygen (-186°C). The design of the valving associated with the ttaps, and the 

efficiency of hydrcarbon collection have previously been described (7) • One 

modification of the design for this work was replac-ing the high precision 

pressure gauge with a big~ precision pressure vacuum gauge (Wallace and Tiernan 

Model 6lC-lA-0015) and evacuating ;,the gas reservoir. The volume of gas passed 

through the cryogenic ttap was calculated by monitoring the pressure defferen­

tial of the evacuated gas reservoir. Samles containing ppm level organic con-

tent were analyzed by direct injection to the cryogenic trap usir).g a 5 mL gas 
·0· .. 
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tight syringe. Trap loading a~d ~njec:tion flows were controlled using a two­

position eight-port valve (Valc:o #V-8-HTa). The valve and associated stainless 

steel connecting tubing were heated to 60°C to avoid sample condensation. 

Organic: species ~ere rapidly desorbed by immersing the trap in boiling water 

until the temperature of the trap reached 90°C. At that time (approximately 

20 seconds), the water bath was r~oved and the trap was beated to 180°C ~ith 

a 750 watt heating cartridge (Watlow UJ4A198). Trap temperatures were con­

trolled with an Omega MocJel 4201 ittll Temperature Controller. Desorbed com-

' pounds were swept from the trap to the chromatographic column by P.e carrier 
I I 

gas. Tbe transfer lines to the column were heat ttaced (60°C) 1/16 inch 

o.d. $tainless steel tubing. 

Separation of organie species was achieved on a 60 m SE-30 wi.de bore-thin 

film fused silica capillary column (J & W Scientific:). The column was operated 

at an initial temperature of -50°C fo'r 2 minutes, then temperature programmed 

to +100°C at a rate of 6°/minute. the carrier gas was UHP grade helium at a 

rate o·f approximately 2 mL/minute ~nd a column head pressure of approximately 

19 psi. The output of the capillary column was split to a Pm and a Fm detec:-
,, 

tor. The splitter, obtained from Scientific Gla.ss ,Engineed,ng (AUcStin, TX), 

consisted of a short pit;tce of 0.4. mm i.d. glass-lined stainless steel tubing 

which was silver soldered into a Iow dead volume uuion. Two lengths of 0.22 
~ . 1 

J· ' • 
mm i.d. fused silica tubing were glued into a 2-hole grapbitized-vespel ferrule 

which butted against one end of the glass-lined tubing. The analtyical column 

-(0.35 mm i.d.) was insened through the glass lined tubing and butted against. 

the 2-hole ferrule. The ratio· of:' flow to each detector was controlled by ad-. ' ,. - . - --

justing the lengths of splitter t~bing. The basis of the splitter function is 

209 
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the pressure drop across each of tij~ ·splitter tubes. It is important that the 

splitter tubing is of a smaller internal diameter than that of the GC column. 

:However, if the splitter tubing is :too small, a signific~nt pressure drop and 
:1,,. 

decrease in the carrier gas flow rate will result. Several different sizes 
I 

of splitter tubing were evaluated, 4nd it was found that 0.22 mm i.d. prov.ided 

the best results with a 0.35 mm i.~+ GC column. As a general rule in selecting 
I' :i• 

splitter tubing for other size capillary columns'· the combined internal areas 

of the splitter tubing should be approximately 70 to 80% of the internal area 

of the capillary column. :! : 

The gas chromatograph used in this work was a Varian 3700 GC with 

subambient temperature programming capabilities. The detectors used were 

a Varian FID and an :s:ro ~odel 52 'b.~Jh temperature Pm. Both detectors ,.,ere 

operated with UHP nitrogen makeup ga~ at 30 mL/minute. Two lamps were eval­

uated for use with the PID. A general purpose 10.2 eV lamp was obtained from ,, 
II' II' 

HNU (Newton, MA) and a 10.0 eV lamp was obtained from Scientific Services 

(Rocky Hill, NJ) • 
•• 

Chromatographic data was processed using a Varian 401 Chromatography 
• I .. 

Data System. This served primartlJ as an integrator and transferred inte-

grated data to an Apple II Plus !Ucrocomputer which was u.sed for quant1,.tative 
II 

and qualitative peak identificati9r and calculation of PID/FID response ratios. 

Results and Discussion 

To acheive sub-ppb level detection limi.ts, orsani.c compounds must be 

separated from the ambient air. ma~rix and concentrated. The efficiency of 

the cryogenic slass bead traps fot; · col,lection and recovery of U.ght h)·dro-

s 
210 
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carbon species has been discussed in a previous paper (7). Some losses of 

ethlylene were observed when trapping more than 400 mL of ~ir using 4 inch 

long traps, so 6 inch traps were used in this work. Although moisture does 

'• .. 

not interfere with the cryogenic trapping of hydrocarbons, it can cause 

extinguishing of the FID flame or a disruption of carrier gas flow since the 

analytical column was operated at subfreezing temperatures (-50°C) when t~e glass 

bead traps were desorbed. Two methods were investigated for removal of mois-

ture. Passing air samples through. a 1 g bed of potassium carbonate served 

to remove the moisture and providea good recover·~es of aliphatic hydrocarbons, 

benzene and toluene. However, si~ificant losses of heavier arotllC!.tic com-
, 

pounds were observed. A 24 inch single tube Perma Pure Drier also functioned 

well in the removal of water, and :in addition, provided good recoveries of all 
' 

aliphatic and aromatic hydrocarbo~,.chlorinated hydrocarbons, and aldehydes which 

were tested. 
,I i 

I Low recoveries of a~~ohols and variable recoveries of ketones 

~re obtained with the Perma Pure,1 ~rier. Specific results of the drier comparison 
• ·:I 

will be presented in a subsequent .:paper. With the use of the Perma Pure 
11: . 

Drier, up to 2 L of ambient air could be concentrated without significant 
> ' 'i 

II:. 
disturbances to detectors or col~ fiow • 

. , 
Simultaneous use of the Pm ~~ FID detectors with capillary chroma"" 

tography required operating the ~o detectors in a man~er Which would not 

sacrafice chromatographic resolution or detector sensitivity. ~e PID ionizes 
I 

only a small percentage of the s1g11ple ·and can be considered a nondestruc-

tive detector, thus allowing in series operation of the PID prior to the FtD. 

However, since the PID is located Outside the GC oven, this would reqUire 

' 
running a heat-traced line back int.o the GC oven and to the FID. Furthermore, 

6 
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'bo~h de~ec~ors require makeup gas fck optiJnal resolu~ion. Addi~ion of makeup gas 

a~ the inlet of ~he PID could resul~ in a loss of resol'L,ttion and sensitivity by the 

ti:ne the sample reached the FID if ·the detectors were operated i"' series. Since the 

PID was more sensitive th~ the FID, it was feasible to split a small portion o.f the 

chromatographic column. effluent to the PID, withou~ a significant sacrafice in 

FID sensitivity. The splitter which was described was very simple to install 

i! 
and provided tbe option of varying ~plit ra~ios. No discernable loss in resolu"" 

tion was observed for the FID when using the splitter. Optimization of the PID 

for capillary chromatography has been described (8). Resolution for the PID 

was a function of the makeup gas flow. As the ~keup gas flow was increased, 
;(,, -· 

peak widths decreased, but the detector sensitivity also decreased. When using 

a makeup flow of 30 mL/minute, peak, half widths for both detectors were very 

similar (2-3 seconds). 

Example chromatograms from the cryogenic capillary system and the two 

detectors for a 38 component hydrocarbon mixture are presented in Figure 2. 

To facilitate labeling, alkanes andatom~tics are labeled on the PID (upper) 
I• 

chromatogram and alkanes are labeleci on the FID (lower) chromatogram. The 

mixture containe.d ethane, ethylene and acetylene, which coeluted and we~e 

detected only by the Fm. Propane and propylene also coeluted. However, the 

P!D responcied only to propylene. Good separation was obtained between the C2 

and C1 hydrocarbons. Separation was obtained for all c,. hydrocarbons, with the 

exception of 1-butene and. isobuten~ which coeluud (both are not in the mix i"' 

Figure 2). Aromatic hydrocarbons began eluting at 17 and 21 minutes (benzene 

and toluene), while the compound oi lowest volatility in the mixture, i,2,4-

trimethylbenzene eluted at 29 mi~u.tes • 

7 
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!he advantage of simultaneously using PID and FID detectors can be ob­

served Figure 2. Little response :!was observed on the PID for C2. - C6 alkane 

species. A slightly higher respotisewas observe for some of the branched 

C1 - Ca hydrocarbons, while good r•$~onses were obtained for alkenes and 

aromatic species in the mixture. Since the FID responds to molecules based 

on the number of carbon atoms and the PID response is roughly based on the 

degree of unsaturation, the ratio between ~he rwo detectors can be used as a 

tool in identifying chromatographic peaks. It is possible to obtain relative 
,, 
,, ' 
I: 

detector responses for organic spir~es ·by simply ratioing results berween the 
1
1

,, 

two detectors. However, values o,~~iu~d in this manner would be very sensi-

'i tive to response fluctuations in ~the: detector. To obtain relat:ive response 

data which can be used over a long period of time, effects of detector fluctua­

tions can be minimized by normalizing all response ratios to the response ratio 

for a single compound. Toluene wa~ chosen as the normalizing compound since 

it ge.ve a good response on both detectors and a review of the literature in­

dicated that toluene was normally pr~sent in ambient air. In this laboratory, 
1 

toluene has been used as a retentidti, tim• marker for GC-FID analyses, since 

this compound is easy to identify, *'n the chromatogram and has rout·inely be.en 

o~served above 1 ppbv-C (part per billion volumen of carbon). Toluene norma­

lized responses (TN!) for the PID and FID detectors were calculated using the 

folloWing equation: 

-.m • PRx • FRI x 100 
...... -.A FR. . • PRT 

,X 

I, 

... -
8 
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where PRx and PRr are PID responses·for organic species x and toluene, res-

pec~ively, and FRx and FRr are FID reponses for species x and toluene, res­

pectively. By def:~tion, toluene 1 'w;ll always have a value of 100. 

•• 

Several para:neters were varied to optimize the PID selectivity a:nd sensiti-

" vity. Optimu:n selectivity would be no response for al.kanes (TNR-o), a high re-

sponse for aromatics (~100), and a medit.m1 response for alkenes (TNR•SO) •• Para­
! 

meters wh·ich were studied include, the splitter ratio, PID lamp intensity setting, 

PIP makeup flow, and a 10. 0 eV lamp as opposed to a 10. 2 eV lamp. The results 

of this study are presented in Table I. Results are presented for four 

representative compounds within each class and class averages. Results 
I i 

are expressed as toluene nomalizeci responses (tNR), and direct PID/FID (P/F) 

responses are presented in parentheses. Th"R values reflect the PID selecti-
:, I• 

vity, while P/F values reflect the effect of changing conditions on the PID 

sensitivity and of the detector split ratio. The first two sets of test 
• I 

conditions demonstrate the effect of PID lamp intensity. By increasing the 

lamp current setting from 5 to 8 '(arbitrary units), the PID response is 

roughly doubled with respect to the FID response. However, very little effect 
I 

was observed in the normalized te~o.~ses for ~kanes and aromatics. At the 
I .. 

higher lamp int~ity the average response obtained for alltenes was nearly 

equivalent to that for aromatics !i 

The effect of the split ratiQ can be observed by comparing columns 

1 and 3 in Table 1. The 1/1 splft was obtained with equal len,gths of 

0.22 mm i.d. splitter tubing to .._cb detector. The 3/1 split was obtained 

by decreasing the length of ~bitl& to the FID so that it was 1/3 the length 

of tubing to the PID. The P/F ra:t:io for the 3/1 split (column 3) decreased 

214 
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to appro~imately l/3 of the P/F ratios for the even split (column l), demon-

strating correct splitter operation. The utility of using normalized response 

ratios is also demonstrated with these data. Although the chromatographic 

column flow to each detector was ch~t1ged by 50%, with a corresponding change 
I i . 

in sensitivity, TNR values remained' :~ssentially constant for individual com-

pounds and compound classes. 

The effect of ma~eup gas flow rate on PID sensitivity is demonstrated 

in data columns 3 and 4 .of Table I. By reducing the D1akeup gas flow rate, 

the PID sensitivity was increase.d bf approximately 50% Once again, no signi­

ficant ehange in the normalized comt)ound or class response was observed. 

The PID response to an individual compound is determined by the ionization 

potent·ial of that compound and the excitation energy of the light source. Data 

presented thus far were obtained witli a 10.2 eV source which was obtained from 

HNU. Since ionization potentials 9f most alkenes are higher than those for 

aromatics, the possibility of incT~sing the selectivity between these classes 

of compounds was investigated by ~ing a lower energy light source. Data 

presented. in column S were obtaine.c:f. using a 10.0 eV light source. This source 

appeayed to provide the PID with iiJ1.c~eased sensitivity by approximately a 

factor of. 3. This can be observed1 ,by .comparing the P/F ratios in columns 3 

and 5. Normalized responses for aikanes increased sligbtly us:$-ng the 10.0 eV lamp, 

those for alkenes decTeased by 11%, •nd those for aromatics remained essentially 

constant. With the exception of Cs and C.. alkenes, TNR values for individual 
I 

compounds did not vary considerably with the different sources. The average 

TNR value for c3 and C~ alkanes de~reased by 16 percent using the 10.0 eV lamp. 

These compounds have higher ioniza.tiQn potentials than other alkenes, and 

·~ 1 ·e!'· 
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sbould be the most affected by the iower energy lamp. It is possible to use a 

9.5 eV l~mp with the PID. Howe•:er, at this energy, some alkanes would give 
:r' 

very low responses. Furthermore, ~J: has been demonstrated that the PID sensi-
,, 

tivity when using a 9.5 eV lamp wa~: ~ignificantly less that that achieved using 
: ~ I 

a 10.2 eV lamp (9). Because of itsbetter sensitivity and selectivity, the 

10.0 eV lamp was chosen for routin~ioperation. 
II! . 

i ~ . ' . 
Gas chromatographic retention ·times and TNR values for 144 compounds 

are presented in Table II.. TNR data were obtained usii)g the 10.0 eV lamp 
il' 

because of it.s higher sensitivity.:: i:TNR values for most species were repro- · 

ducible to witnin 5-10%. Compound$ ~d c.lasses presented in Table II are those 

which have been repo.rted in, or arej of specific inter:est in ambient air. 

Toluene, which is normally present in ambient air above l ppbv-C, was used 

as a GC retention time marker. The carrier gas flow rate was not routinely 
,, ' 
,, ' 

monitoried. Instead, the column hhd pressure was adjusted to provide a 

constant elution time for toluene. Using this technique, retention times 
! • 
I 

for individual compounds varied by!less than l%. Gas chromatographic identi-
•• 

fications were based on relative retention times (RRT) to toluene. Even with 

high resolution chromatography, the, large numbers of compounds which can be 
II ~ 

pr:esent in ambient air made peak indentification using only ret~ntion time 

data very difficult. The additional. qualitative information provided by 

the PID/FID system became very impQttant when analyzing compleX air samples. 

Species data presented in Table II;: !femonstrate that many closely eluting com-
j, 

·'!' 
pounds can be differentiated with ~be PID/FtD technique, whereas identification 

using only reteneion time data co~d be questionable. Spurious results can 
'I 

be obtained with PID/FID technique:'lihen coeluting species of different chemical 

:i: ll 
:i 

. .. ~ 



• 

• 

• 

'• ... 

,' ,., 
i' I 

classes are both presene in a samp~e, since ehe resulting Th"R would represent 

a weighted response of the coeluU~g specie.s, 
: . 

An additional goal of ehis work was to achieve the capability to identify 

!i i 
chemical classed of sample compone:nes for which species idendficaeions could 

not be established. This capabili.cy would be very useful since photochemical 
:1' 

:1 I 

reactivities vary significantly for different chemical classes, and most 

atmospheric models group species according to chemical classes or other re-

activity schemes. To compare rela,tive deeector responses for differe1.1t classes, 

TNR dau were averaged for all sp~cies eluting before and after 17 minutes. 
! 

This time chosen because all aromatics eluee later, and because TNR values 
i 

for alkenes decreased as the carbon' number (and retention time) of the compound 

increased. 

For species 

i'• 

Average TNR data for hydrocarbon classes are presented in Table III. 
:i 
,I 

eluting before 17 minutes; it was v~ry easy to differentiate be• 

tween alkanes and alkenes, which a~e tbe predominant hydrocarbon classes 
1,, il 

:: 
present in ambient air in this volatility range. Alkynes and chlorinated 

alkanes and m)lst be differentiatec\ifrom alkanes chromatographically. 1Aldehydes, 

with the excepdon of acetaldehyde, gave TNR values similar to alkenes, and· must 
:I 

also be differentiated by chromatolgtaphic means. Only 2 ketones eluted in the 

early rang'e, and both gave TNR values higher than those for alkenes. Chlori-. . . . II: 
I I' 

nated alkanes gave TNR values sig#ficantly above TNR's for their nonc:hloT.inated 

analogs, presumably due to the decT;$8Sed FID response for these compouncls. 

TNR values for chlorinatecl alkenes which containecl a nonchlorinated carbon atom 

were co~iderably lower than TNR ~alues for compouncls which clid not U..e., 

1,1-dichloroethylene as opposed to 1,2-dichloroethylene). Mercaptans eluting in 

this range gave the highest TNil value&. TNR values for dienes were averaged with 

those for alkanes. However, the ~o diene species tested, 1,3-butadiene and iso-
,, 

prene, both gave TNP. values highe~. than those for alkenes which eluted near th 
2

.;
1 
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Identification of C& - C1 0 hydrocarbon species in ambient ai.r is difficult, 

due to the extremely large number of' cOmpounds in this range. .The majority 

of hydrocarbon content in the c, - C1 0 range which has been identified in 

ambient air was aromatic (10). Data presented in !able 3 demonstrate that 

'INR values cmt. be used to estimate chemical classes for this volatility range. 

Chlodnated alkanes eluting in this !;range gave no PID response, whereas al~ 

alkanes eluting in this range did. ·· Simple alkanes (n-alkanes, methyl, and 

dimethyl alkanes) gave less than h~ff the response of cyclic. and highly branched 

alkanes providing some qUalitative ~formation within this class. Differentation 

of alkenes from alkanes and aromatics is possible within a confidence interval 

of one standard deviation. Some co~plex alkenes such as limonene and 

pinenes gave TNR values as high as ,some aromatics. !he aldehyde species which were 

tested gave 'INR values similar .to alk!tnes, while the average TNR fo-r ketones 

was above tbat of the aromatics. ~pecies within these classes which may be 

expected in ambient air eluted betwee~ benzene and toluene and were easy to identi-

fy as a result. Unsaturated chlorinated hydrocarbons in this range gave TNR 

values considerably higher than those for most other hydrocarbons. Dif• 

ferent chlorinated aromatic hydrocar-bons gave similar 'INR results, whereas the 

chlorinated alkanes tested varied cQnsiderably. 

As an example of the application of this technique to a COJilPl,.es sample, an I" . . . 

I 

analysis of automobile exhaust (1982 model, unleaded gasoline) is presented in 

Figure 3. Some of the major components in the sample are labeled. The major 

alkenes observed in the sample 1o7ere 'in the C3 - C5 range. Good separation of the 

c .. compounds provided identification of 1,3-butadiene, which is very pl:loto­

chemically reactive. !he identifi~tion of this compound was confirmed by the· 

\. .. 218 
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PID. Alkanes were observed over a'11considerabl,.e boiling ra,nge. These were not 

observed on the PID chromatogram, with the exception of a low response for 

2,2,4-trimethylpentane. The PID chromatogram also shows the ease of identifi-

cation of aromatics as compared to ;the FID chromatogram. 

Conclusions 

,' 

The combination of high resol~tion chromatography and simultaneous PID/ 

FID detection offers a degree of identification for organics in ambient air 

which previously has not been poss~ble. The chromatography will provide quanti-

'I 
tative identification of all hydro~arbon species in tbe C2 - C1o range in a 

single cbromatographic run. Speciation of individual Cz hydrocarbons is not 

provided. Simultaneous operation ,pf the two detectors was accomplished with an 

easlly installed capillary splitte!~. Response data between the two detectors 

is best_expressed by normal.i.zing all response ratios to that for a s.ingle 

compound • For analysis of ambien~ 1 air, toluene was chosen as the normalizing 

compound. 

It is possible to estimate chemical c-lasses for sample components using 

normalized PID/FID data. This can be very belpful in providing data for at-

. I 
mospberic modeling studies. Howev,jlr ,, .when possible PIP/FID data should be 

used in conjunction with chromatographic identification. Finally. this tech-

nique can provide tentative identi~ication for a number of aldebyaes, ketones, 

and chlorine and sulfur containing, :hydrocarbons, in addition to alkane, alkene. 

and aromatic indentifications. The ability to screen for volatile compounds 

within these various classes makes:, this technique ideal for screening complex 

:1' samples, such as air above hazardoUs waste disposal sites • 
II: 
'I, I 
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TABLE 1. EFFECT OF PID AND SPLITTER CONDITIONS ON PID/FID RESPONSE RATIOS 

Conditions 1 2 3 4 5 

SpUtter FID/PID 1/1. l/1 3/1 3/1 3/1 
Lamp Setting 5 8 5 5 5 
PID Makeup Plow (mL/mtn) 30 30 30 20 30 
Light Source (eV) 10.2 10.2 10.2 10.2 10.0 

ComJ!!!und TNR'- (P/F)b TNR ~P/F! TNR (P/F) TNR (P/F) TNR (P/F) 

Iaopentane 1.3 (0.04) 2.0 (0.11) 1..8 (0.10) 2.0 (0.03) 2.0 (0.07) 
n-Hexane 3.6 (0.01) 2.7 (0.14) 1.7 (0.02) 2.0 (0.03) 5.0 (0.16) 
3-Hethylhexane 7.5 (0.22) 7.4 (0.39) 7.7 (0.09) 8.2 (0.14) 12.0 (0.43) 
n-Nonane 14.7 (0.43) 15.8 (0.84) 14.1 (0.15) 16.5 (0.28) 15.5 (0.55) 
All Alkanes (16)C:_. 'f.2 {0.-21) . 7.--1 . (0~ 38-) 1.-o; (O•iiiiJ· 1.1 -(O.l~]j '8.7 {O.l2) 

• 
1-Butene 63.5 (1.9) 85.4 (4.5) 77.4 (0.86) n.8 (1.3) 65.0 (2.3) 
1-Pentene 62.4 (1.8) 80.6 (4.3) 68.6 (0.76) 67.3 0.2) 64.3 (2.8) 
t-2-Pentene 77.2 (2.3) 107.0 (5.7) 83.5 (0.92) 81.8 (1.4) 77.0 (2.5) 
Cyclopentene 65.3 (1.9) 67.0 (3.6) 69.4 (0.77) 69.7 (1.2) 63.7 (2.3) 
All Alkenes (8)C 73 (2.2) 95 (5.0) 79 (0.9) 78 (1.3) 70 (2.5) 

Benzene 106.0 (3.1) 106.0 (5.7) 110.7 (1.2) 109.4 (1.9) 112.3 (4.1) 
E thy 1 benzene 91.2 (2.7) • 87.8 (4.7) 89.8 (1.0) 81.7 (1.4) 86.5 (3.1) 
p-Ethyltoluene 85.5 (2.5) 83.1 (4.4) 81.9 (0.91) 81.6 (1.4) 79.0 (2.8) 
1,3,5-Trlmethylbenzene 124.2 (3 •. 6) 122.3 (6.5) 117.3 (1.3) 118.8 (2.0) 116.5 (4.1) 
All Aromatics (9)C 98 (2.9) 97 (5.1) 96 (1.1) 94 (1.6) 97 (3.3) 

aToluene normalized response. 
bPID/PID compound response. 
cTotal number of compounds tested wi:thin each class. 

r 
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Figure Captions 

Figure l. Sche:natic Di•gram of the Cryogenic GC/FID/PID Analysis of 

Ambient Air. 

Figure 2. Analysis of a 38-COIIlponent Hydrocarbon Mixture by the 

Cryogenic GC/FID/PID• I ., 

Figure 3. Analysis of Automobile: Exhaust - 1980 American Model Using 

Unleaded Gasoline • 
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TABLE 11. RETENTION TIMES AND NORMALIZED PID/FID RESPONSES FOR IIYDROCARBON SPECIES 

,,_. .... --.---~--

F.thane 
Propane 
laobutane 
a-Butane 
Nfttpt'lltane 
lanpmtane 
n-rentane 
Neuhrxane 
Cycln.,.ntane 
2,1-PI.ethy1butane 

~~_lanhr.aaae 

--1'-'ttet'hy I pentane 
n,-lleaane -
Helltylcyclopenlane 
2, 4-Piaetlaylpent ana 

Etlaylene 
Act•tylene 
l'riopylene 
l'ropyne 
l-llutene 
lat!buteae 
1,1-Butadlene 
t-2-laatene 
1-Rutyne 
c:-2-Rutene 
J-tletlayl-1-butene 

·-·1·_ .. __ ..._.._.... __ 
Retet~tlon 

Tl- (aln) 

]'.10 
4.02 
s.J& 
6.50 
7.14 
9.SS 

10.76 
u.u 
ll.lO 
n.ss 

J)._82 
14•·]9 -
IS.H 
16.01 
16.19 

].]0 
).]0 

4.02 
4.60 
6.24 
6.24 
6.16 
6.9S 
7.27 
7.50 
8 • .1] 

Retention 
TNR C:O.pound TIM (aln) 

!J.kan~.! 

0 Cycl ohexane n . .Js 
0 leoheptane 17.94 
0 2,1-DI.ethylpentane 17.94 
0 1-tlethylheune 18.26 
2 2,2,4-Trlaethy1pet~tane 18.72 
2 n-lleptane l9.2S 
2 Nethy1eyc1oheaane 19.78 
4 2,5-111-thylhellane 20.44 
2 2,1,4-Trlaethylpentane 21.01 
7 1-Netlly1beptane 21.96 
s 2,~,S-t!J~!~r!heaane ~!-:16. 
s --n-Octane -22~9) 

4 ..,.,Nonana 26.15 
4 n-Decane 29.80 
9 n,..Unde.:; ... a 14.18 

A1kenaa 1 Dlenea 1 and Alltyaea 

0 2-Ethyl-1-butene 15.11 
0 t-2-lle•ane- n.u 

72 c:-2-llexane 15.76 
2 c:-l-Hetbly-2-penteae 16.00 

65 Netlayl.c:Jao1opelalena 17.07 
79 Cyc:lohexene 11.90 

104 1-lleptene 18,-81 
78 1-llt:ptene 19.19 
7 2-lli!ptene 19·.27 

70 2,4,4-Trleethy1-1-pentene 19.Sl 
65 Z,oi,4-Trlaethyi-Z-pentene 20.27 

• 
.J 

TICI 

2S 
8 

10 
8 

18 
7 

16 
16 
]] 

17 
21 
8-

14 
16 
n 

65 
67 
69 
70 
1l 
sa 
49 
Sl 
57 
ss 
50 
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t•age 2 

------
Co.pound 

1-P•ntene 
2-Rntyn• 
2-Ht'tltyl-1-butane 
h10pre.1e 
t-2-Petlh•nt! 
c-2-l'e.u.,oe 
2-tk!t hy 1-2-hutene 
Cyrli•pmtene 
4-ttethyl-1-pentene 
c-4-tlethyl-2-penten 
t-4-Hetlty1-l-pPnlene 
2-tk>lhyl-1-pentPne 
1-llc:aene 

lenaene 
tuluene 
lthylbenaene 
p-Xylene 
•-Xylene 
Styl'8ne 
o-lylene 
Isopropyl benzene 
n•Propylbenxeaa 
11-f.tl•yltolueae 
p-f.tltylto1uene 

Aceta ldPIIyde 
Proplonaldehyde 
htt~bllteraldeh}'de 

-~ 

aetentton 
Thll! (•In) 

10.26 
IO.Jl 
10.61 
10;85 
n.te 
ll.4S 
11.72 
12.88 
13.20 
1).80 
ll.9S 
14 •. 64 
14 •. 70. 

11.02 
21.1) 
24.51 
24.8] 
24.87 
25.]8 
25.S4 
26.6S 
27.61 
27.87 
27.98 

5.84 
9.87 

12.78 

• • 
cc 

"' C\l 

TABLE Il. (Continued) 

Retelttlon 
TNR Co•pound Tl- (•In) TNR 

64 l-Hethy1cyclohexeoe 2l.st 60 
l,S,S-Trl .. thyl-1-hexene 21.70 S7 

7) 2-Ethyl-1-heaene 22.44 S1 
89 1-0ctene 22 •. 51 .. 
77 t-2-ottene u.o6 61 
71 c-2-ottene n .. ll S4 
76 1-Noneoe n.9s S2 
76 4-Non•ne 26 •. 19 47 
S9 a-Pinene 21.10 1S 51 8-Pinene 28.6S 6S 62 1-Decena 29 • .35 16 65 Ll-n•ne 10.60 61 
59 1·-IJml.,cene n .. u ~1S-. 

Arouttca 

112 1,1,S-Trl .. thy1benxene 28.11 111 
100 t-lutylbenaene 28.95 61 
87 1,2.4-trl .. thylbenaene 29.04 81 

105 Jaobutylbenzene 29.67 66 
95 1,2,l-Trl•ethy1beaxene 10 .• 09 8] 

111 lnclnn ]0.47 80 
77 p-laPpropy1toluene ]0.22 80 
79 .-Diettlylbenxene U.l5 n 
79 n-Butylbeazene U.5l 66 -• p-Dletlty1benzene ]1.61 75 

, 
79 Naphthalene ]8.21 121 

; . 
Aldehrdaa 

2 luteraldehyda 14.15 60 
84 laovaleraldehyda 16 •. 70 66 
67 Va1eraldehyda 18.n 56 

• 
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Page J 

Co.pound 

Ac:etooe 
Butanone 

~:hi or-thane 
Rr-thane 
f!llloroetllane 
Tr lchlttr.nrluor.-ll•ane 
blc:lllor-tllana 
1.1-blr.hloroetllane 
Trlchlor-thane 
t.l!.l:,;titcliloioetbillne, 

VInyl Chloride 
1.1-Picbloroethylene 
l-1. 2-ltlcllloroetllylene 
Tr lcll1oroetbylene 
r.-1.1-Dicbloropropene 
t-1.1-Ptch1oropropene 
T~tracbloroethylene 

C!lri~Unyl au1Ude 
tlethyl -rcaptan 
P.thrl -rcaptan 

-.--r-~--~·--·-----·----~ *Tolul'IIB noru1hed reapunae. 

Reten.U.on 
Tt.. (aln) 

10.05 
14.70 

4 •. 80 
6.97 
7.7) 
9.91 

11.71 
U.46 
15.10 
n:14 

s.n 
1'1.12 
11.29 
18.58 
19.86 
20.09 
22 •. 76 

1.62 
6.64 

10.2) 

• 
TABLE 11. (Continued) 

THR 

160 
151 

Coapouad 

2-Pentanone 
l-Pentanone 

llalogt'nated Alkanea 

0 
0 
0 
0 
0 
0 
0 
0 

1.2-0ichloroethane 
Tetrachloro .. thane 
Bro.adlchlor-thane 
1.2-0ichloropropane 
l 0 l 0 2-Trtch1oriDethane 
Dlbroaoch1oro .. th•ne 

~-- 1!1.1 _2. 1 2-Tetrach!~roethane 

Clllorlneted Alllenea and AroMtlca 

SJ 
190 
410 
lOO 
124 
129 
290 

0.1orobenaene 
o-Chloroto1uene 
•-Ckhlorotoluene 
p-Chlorotoluene 
. .-otchlorobenaenv 
p-Dtchlorobenaene 
o-Dichlorobenaene 

.Sulfur llydrocarbona 

>1000 
650 
]50 

Butyl ••rcaptan 
Tetrahydrothlophene 

• 
J 

Retention 
Tlae (•In) THR 

18.09 105 
18.47 141 

16.42 0 
17.22 0 
18.SS 0 
18.19 0 
20.82 0 
21.68 0 
25.51 1 

2].77 ISO 
27.12 124 
27.U 115 
27.50 llO 
29.14 154 
29.]5 ISS 
]0.18 U7 

19.06 l]) 
22.27 185 
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TABLE Ill. HYDROCARBON CLASS PID/PID NORMALIZED RESPONSES 

Class 

Halosenated alkanes 

Simple alkanes 

Cyloalkanea + Trlmethylalkanes 

Alkenea 

Aldehydes 

Ketones 

ArolltBUca 

Chlorinated Aromatics 

Chlorinated Alkene& 

Sulfur Hydrocarbons 

•does not Include ethylene 
bdoea not include acetaldehyde 
Cdoes not .Include carbonyl sulfide 

Retention Times < 17 mtn. 

Species Tested 

9 

13 

2 

--_3 

23 

4 

2 

0 

0 

3 

2 

TNR 

(Hean ± SD) 

0+0 

3 + 3 

3 + l 

7oa + 11 

69b + 10 

157 + 5 

218 + 180 

sooc + 210 

Retention Times > 17 m.fn. 

Species Tested 

6 

10 

s 

0 

20 

1 

2 

21 

7 

4 

2 

TNR 

(Hean + SO) 

1 + 1 

12 + 4 

27 + 8 

----
55+ 10 

56 

123 + 25 

87 + 18 

141 + 12 

211 + 97 

129 + 37 
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