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SECTION I

INTRODUCTION

High-resolution gas chromatography (HRGC) is capable of separating a very

complex hydrocarbon liquid such as jet propulsion fuel into nearly all of its

individual components. However, there is no guarantee that what appears to be a

single chromatographic peak is in fact a single fuel component. The method of

detecting these HRGC eluents is very often the flame ionization detector (FID),

a very sensitive and universally responding hydrocarbon detector.

Neither the separating power of HRGC, or the sensitivity of the FID,

however, lend information as to the identity of the eluting component. The need

to specifically identify HRGC eluents, especially those containing heteroatoms

such asJN,.S, P,&,iaiogens and some metals has been well-documented (-5,4" .

The purpose of this report is to review the progress in the area of

selective gas chromatographic detectors and to recommend selective detectors

for use in the HRGC analysis of jet propulsion fuels.

This report will present 24 different selective gas chromatographic

detectors. These detectors, while not all directly applicable to the HRGC

analysis of jet propulsion fuel, all show the concept of selective detection in

gas chromatography.

The detectors presented herein range in complexity from simple

modifications made to existing universal detectors or specific analyzers to

detectors that are scaled down versions of high-technology, high cost

spectroscopic techniques.

The applicability of these detectors to jet propulsion fuel analyses will

be determined from a comparison of their complexity and cost versus their

effectiveness as high-resolution gas chromatographic detectors.

N



SECTION II

TECHNICAL DISCUSSION

The most common method of chromatographing complex hydrocarbon mixtures

such as jet propulsion fuel is with a high resolution gas chromatograph using

glass capillary or fused silica columns. The sample is injected into a heated

injector zone where it is vaporized. A large portion of this vaporized sample

is vented, and the rest is routed into the column. Once inside the column, the

sample partitions into a stationary liquid phase that coats the inside of the

column. Different fuel components migrate down the column at different rates

due to their individual partition coefficients with this stationary phase.

Once eluted from the column, compounds are then detected with any one of a

number of available gas chromatographic detectors. The 24 detectors examined

in this report are separated into four distinct categories: ionization

detectors, absorption detectors, emission detectors, and conductivity

detectors.

A. IONIZATION DETECTORS

Virtually any type of energy (electronic, radioactive, heat, etc.) can be

used to ionize GC eluents. Selectivity is realized by certain compounds being

susceptible to the type of ionization method used, or by ionization products

being characteristic of the parent molecules.

1. Mass Spectral (MS)

Compact mass selective GC detectors are now commonly available for use. The

Ion Trap Detector (Finnigan Mat) is an excellent example of one such detector.

2



The eluents of a GC are transferred to the detector via a heated fused silica

transfer line where they are ionized by electron impact. The ions are then

ejected from the ion storage region sequentially from low to high mass and then

detected by an electron multiplier. The resultant mass spectrum for any given

mass-to-charge ratio can then be matched to existing mass spectrum in a library

by computer searching techniques. This detector is capable of universal mass

spectrum scanning and specific mass spectrum searching. (See Fig.l.)

2. Fourier Transform Mass Spectral (FTMS)

The use of Fourier Transformation with mass spectral data greatly enhances

the mass resolution of GC/MS data. For example, the GC-FTMS system referenced

here is capable of collecting 8,192 data points every 100 ms. This fact

combined with the background separation capability of Fourier Transformation

makes GC-FTMS an extremely powerful GC peak identification technique (2).

3. Oxygen-Flame Ionization (O-FID)

The Oxygen Flame Ionization Detector obtains selectivity for 02 containing

compounds by utilizing two microreactors in line between the column outlet and

the flame. The first, a cracking reactor operated at 1500-K, forms CO from the

02 compounds. The second reactor operated at 620-K, hydrates the CO to form

CH4. The CH4 is then detected by normal flame ionization (20). (See Fig.2.)

4. Hydrogen Atmosphere Flame Ionization (HAFID)

The Hydrogen Atmosphere Flame Ionization Detector realizes selectivity for

Si, P, Cl and Fe by merely altering the type and flow rates of gases to the

detector. The normal 300 ml/min air and 30 ml/min H2 is changed to 130 ml/min

02 and 1600 ml/min H2. This results in suppressed responses to normal

hydrocarbons and selective responses to the above-mentioned compounds (19).

3
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Table 3 S

Compound classes with masses
generally characteristic of theml

Com~pound class Characterftic mass
Paraffins 43, 57, 71, 85
Aliphatic carboxylic acid methyl
West 74, 67

Alkenes 41, 55, 69
Tritert~snes 191
Steranes 217?
Silomanes 73
PCBe 250, 290, 324, 358,

392

Fror a more detailed list of masws common for compound
class". Wee Ref. J.
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5. Thermionic Specific (TSD)

The thermionic emission of charged particles from the surface of a hot bead

consisting of alkali metal embedded in a ceramic matrix provides highly

specific responses to compounds containing N and P as well as halogenated

compounds. To a small extent the detector is selective to aromatic compounds

in hydrocarbon fuel samples (17) (22).

6. Ion Mobility (IMD)

Ion Mobility Spectrometry is a method closely related to the Electron

Capture Detector where organic compounds are ionized by charge transfer

reactions in the presence of a constant electric field gradient. Product ions

drift down this field at different ratns, dependent on mass, charge and ion

size. By doping the detector with oxygen, increased selectivity and

sensitivity are gained for halogenated compounds. (13).

7. Electron Capture Detector (ECD)

The constant signal of a radioactive electron source, commonly Ni-63, in an

inert gas flow is interrupted by the introduction of molecules with "capture

free" electrons, such as halogenated compounds, which generate a negative

response. The eluents are ionized but the response is read as the reduction of

the ion current (5).

8. Photoionization (PID)

The Photoionization Detector selectively detects gases such as H2S, NH3,

AsH3, and 12. A U.V. lamp irradiates the GC eluents. Any compound with an .N.

ionization potential less than the U.V. lamp will be ionized. The resultant I

ion current is measured by a sensitive electrometer system (11) . v
6
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9. Catalytic Ionization

When organic compounds are oxidized on the surface of a heated platinum

filament only certain compound types yield an ion current comparable to that of

the flame ionization detector. Specifically, these compopnds are highly

branched hydrocarbons such as alkanes and alcohols (17).

B. ABSORPTION DETECTORS

Comparing the absorption characteristics of an eluting GC compound to known

standards in some region of the electromagnetic spectrum truly defines the

nature of that compound. This technique is used either by scanning a specific

region of the spectrum or at a set wavelength specific to the compound of

interest.

1. Infrared (IR)

Eluting GC components are trapped or isolated in a GC/IR cell through which

a dispersive I.R. spectrophotometer provides an I.R. spectrum of the component.

This is not a continuous analysis, and is limited by the I.R. scan time

(3).(See Fig.3.)

2. Fourier Transform Infrared (FTIR)

By use of a interferometric system allowing the infrared to scan eluting

chromatographic compounds at a rate of up to 10 scans per second, the Fourier

Transform Infrared system can produce a spectrum of a single chromatographic

peak while it is eluting. The spectrum is then compared to a library of

infrared spectrum for peak identification. Absorbance versus time can also be

plotted to produce a more traditional chromatogram (4).

7
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3. Atomic Absorption Spectrometry (AAS)

Through the simple interfacing of a high resolution gas chromatograph to an

atomic absorption spectrophotometer organomercury (II) compounds can be

selectively analyzed at trace levels in organic mixtures. The background

interference from the organic molecules ie minimal for two reasons. The AAS is

not particularly sensitive to organic molecules and these molecules are mostly

cracked in the 600 Deg.-C decomposition furnace used to convert the

organomercurials to elemental mercury (9).

4. Ultraviolet (UV)

GC column eluents are directed to a sample cell with a quartz window.

Through this window, the sample is irradiated by U.V. light at a fixed

wavelength. The choice of this wavelength determines the compound-type

sensitivity. Typically, a setting of 250 nm renders the detector very

sensitive to aromatic hydrocarbons and insensitive to aliphatic or naphthenic

species (5).(See Fig.4.) S
C. EMISSION DETECTORS

Eluting GC compounds are converted to an excited state and allowed to relax

yielding characteristic emissions. These detectors combine the advantages of

ionization and absorption detectors in that the type and amount of energy

applied is controllable and the emissions are characteristic in the

electromagnetic spectrum. F

1. Rotationally Cooled Laser-Induced Fluorescence (RC-LIF)

GC eluents are excited by a high-intensity laser beam and caused to

fluoresce. By taking advantage of the fact that any compound will fluoresce at

least one wavelength unique to that compound, RC-LIF is virtually unsurpassed C.:

in selectivity. However, at present, the system is restricted to scanning for

a particular compound at it's unique wavelength (8).(See Fig.5.)

9
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2. Microwave-Induced Plasma (MIP)

The use of emission spectroscopy by an atmospheric pressure microwave

induced helium plasma (MIP) has been proven to be a specific detection

technique for N, P, S, Cl, Br, C and Fe. A small portion of the plasma image,

slightly off-center of the microwave cavity, was found to exhibit intense

elemental emissions for the compounds mentioned while tho rest of the plasma

showed no emissions for those compounds. By

varying the helium flow and power to the microwave cavity, optimum responses

for each of the above mentioned compounds were obtained (10). (See Fig.6.)

3. Oxygen-Inductively Coupled Argon Plasma (0-ICAP)

Use of inductively coupled argon plasma to excite non-resonance atomic

emissions from oxygen in the red and near infrared regions is used to

quantitatively and selectively determine oxygen in permanent gas mixtures and

volatile organics (6).

4. Chemiluminescent (CLD)

The Chemiluminescent Detector provides very sensitive, very selective

responses to bound nitrogen in hydrocarbon matrices. The sample is combusted %

to form nitric oxide. The nitric oxide is detected photometrically by it's

reaction with ozone to form the chemiluminescent species N02*. Similarly, the

detector can be used to specifically detect volatile polyhalogenated

hydrocarbons by utilizing the halogenated compounds' reaction with sodium
%.

vapors and the resultant chemiluminescent sodium species (14) (23) (11).

5. Glow Discharge Detector (GDD)

A quartz tube, using axially mounted platinum wire electrodes, provides the

spectrum for this optical emission detector. Use of a very stable power supply

is necessary to maintain the tuning at the emission wavelength of choice.The

detector is used primarily to indicate the presence of halogens, S, P, C and

metals in GC effluents (7) (15) .

13
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6. Atmospheric Pressure Active Nitrogen (APAN)

Atmospheric Pressure Active Nitrogen sources have been used to selectively

detect organo- Hg, Pb, and Sn as trace GC eluents. These compounds react with

metastable atoms and molecules of nitrogen from the active nitrogen source. In

these reactions the fragmentation and excitation of species lead to

characteristic atomic and/or molecular emissions (16).

7. Flame Photometric Detector (FPD)

Emissions from a flame burning chromatographic eluents are viewed through

appropriate bandpass filters by a photomultiplier. The maxima of the

characteristic filters are 394 run for sulfur and 526 nm for phosphorus.

Filters of other wavelengths are available for other compound types (5) (17).

8. Thermal Energy Analyzer (TEA) N

The Thermal Energy Analyzer can be used as a GC detector to selectively

detect N-nitroso compounds in organic matrices. The sample is pyrolyzed and

converted to nitrosyl and organic radicals. The organic fragments either

decompose or rearrange to stable forms. The nitrosyl radical is converted to

N02* through ozonolysis. The N02* decays rapidly with an emission in the near

infrared region of the spectrum (18) (21).

D. CONDUCTIVITY DETECTORS

By converting GC eluents to the appropriate inorganic forms their specific

electrical nature can be detected. This detection can be accomplished either

by direct measurement of electrolytic conductivity or by titration with 5J

electrolytically generated reactive ions. %

14

.-
Orr, 

%
v- ~ %,t~ ~ *.*pSS~~

5 5
S* *~5 5 **I~~ * .S f.%r, % & . .



V7u"mv -FWUW -W -. .
W: jI 

.-- 
1%---x 

1

1Got -Lifti
CaN Ire.-...

7~ 111011 56.MENH

us~*

COUNTERt GLaw

VIP 0.Q4 l I ow It

COUN Re 'L:ok i,1 of b/ LL~ puse Iffr n 1

FIur 3 Crf secio ofI *l r c or" ind dii r rntof

Stonaavgigur Stof 0ros sehl~i ctiton Ofi mir ieeth andp d'ciffrentia

A0 
C

2,l.I~qA~cho 154 2 l~~lM ON2ri2P o 5 1me "1 " o 01 2A o MIklov~lni

Slnada1ik0 
ihlp rcii-. ih4 P MAoh r15

00.

TIME. ek-iss

Figure 18 Arochlor 1254 In trenstformer 0oi. extracted with methanol.N.

FIC, 7: Selr'Ictive detnetion of chlorinated compounds in transformer oil
by GC/1HECD. (Reproduced by permission from ref. 12 ,Copyright

Pr'eston Pubications, Inc..)



1. Hall Electrolytic Conductivity (HECD)

The Hall Electrolytic Conductivity Detector can be operated with different

modes of selectivity for halogen-, sulfur-, carbon-, nitrogen-, or nitrosamine-

containing compounds. The species of interest are converted to stable

inorganic forms by combustion or hydrogenolysis. Upon dissolving these

converted species in water or alcohol they can be detected by measuring the

resultant electrolytic conductivity (12). (See Fig.7.)

2. Microcoulometry (MC)

Microcoulometry has been successfully used as a specific GC detector for S,

N and Cl. The elements in question are converted to the inorganic forms S02,

NH3, and HCL respectively. The species are then titrated by electrolytic

generation of reactive ions. For example, S02 is titrated with

electrogenerated 12 via a redox reaction. The quantity (ie microcoulombs) of

electricity required for this generation is the area under the GC-MC peak.

GC-MC peaks are broad with delayed response times and some tailing (11).

3. Molecular Weight Detector

By directing GC eluents to one of two carrier gas flow paths which are legs

*of a Wheatstone Bridge the density changes caused by the eluents can be used as

a detector signal. While this method is not specific to eluent types, the use

of two of these systems in parallel, each using a different carrier gas, can be

used to determine molecular weights of eluting compounds. The molecular weight

is calculated by the simultaneous solution of the gas density balance equations

* for the two systems (17). (See Fig.8.)

Table 1 is a listing of the detectors covered in this report by their types

of selectivity. Table 2 lists performance data for some of the detectors

covered in this report as available in the references listed herein.
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Substituting Equation 2 in Equation 4 a
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(H ep odu nd y PP 113 1on from ref 17 , Co y ri ht ohn ile an

Sons In(. Pulish~rs.
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TABLE 1 : DETECTOR SELECTIVITY BY COMPOUND CLASS

DETECTOR TYPE ELEMENT

Mass Spectral Ionization Various

Infrared Absorption Various

Rotationally Cooled- Emission Various
Laser Induced
Fluorescence

Molecular Weight Conductivity Various

Ion Mobility Ionization Various

Chemiluminescent Emission N,X

Thermionic Specific Ionization N,P,X

Microcoulometry Conductivity N,S,X

Hall Electrolytic Conductivity N,S,X

Microwave Induced Emission N,P,S,X,C,Fe
Plasma

Thermal Energy Analyzer Emission N-Nitroso

Electron Capture Ionization Electrophores

Flame Photometric Emission S,P

Glow Discharge Emission S,P,C

0-Flame Ionization Ionization 0

O-Inductively Coupled Emission 0
Argon Plasma

Atomic Absorption Absorption Metals

Hydrogen Atmosphere Ionization Si,P,CI,Fe
Flame Ionization

Atmospheric Pressure Emission Hg,Pb,Sn

Activated Nitrogen

Photoionization Ionization H2S,NH3,PH3,AgH3

Ultraviolet Absorption Aromatic HC's

Catalytic Ionization Ionization Branched HC's
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TABLE 2 COMPARISON OF AVAILABLE PERFORMANCE DATA ft

OF SELECTIVE DETECTORS (1,11) %

DETECTOR SENSITIVITY DYNAMIC SELECTIVITY ELEMENT

(g/sec) RANGE (g-x/g-c)

-10 4

MS 10 10 Various

-13 5 4
TSD 10 10 5x10 (N/C) N,P,X

-12 4 6

HECD 10 10 >10 (N/C) N,S,X

-10 6
MC 10 --- >10 (N/C) N,S,X

-10 6
CLD 10 --- >10 (N/C) N,X

-12

PID 10 --- H2S,NH3,

PH3,AgH2

-12 5
FPD 10 --- 10 (S/C) S,P

-13 3 5 "

ECD 10 10 10 (Cl/C) Electrophores

1.9



SECTION III

CONCLUSIONS

A chromatographer with a specific G.C. detection problem clearly has two

choices, either to attack the problem with a high-technology detector such as

the GC-FTMS, or to approach the problem with a novel device such as the 0-FID.

High technology, high cost detectors such as the GC-FTMS and GC-FTIR have

advantages over even the most novel element specific detectors in that they are

"universally specific." However, one cannot afford to overlook the phenomenal

achievements made over the last two decades in the development of element

specific detectors.

For the purpose of analyzing heteroatom constituents of jet propulsion

fuels, the following detectors are reconunended : the O-FID for the detection of

oxygen-containing compounds, the FPD for the detection of phosphorous and

sulfur-containing compounds, either the CLD or TSD for the detection of

nitrogen-containing compounds. A system containing either MSD, FTIR, or both

capabilities is also highly recommended for these analyses.

f %'

AiJ.-



SECTION IV

REFERENCES

1) Stafford, G.C. et al, American Laboratory, June 1983

2) White, R.L.; Wikins, C.L., Analytical Chemistry, 1982, 54, 2443-47

3) Rossiter, J., American Laboratory, February, 1982

4) Garlock, S.E. et al, American Laboratory, December, 1982

5) Ettre, L.S., J. Chromatographic Science, 1978, 16, 396-417

6) Brown, R.M.; Fry, R.C., Analytical Chemistry, 1981, 53, 532-8

7) Tomkins, B.A.; Feldman, C., Analytica Chimica Acta, 119 (1980) 283-90

8) Hayes, J.M.; Small, G.J., Analytical Chemistry, 1982, 54, 1204-06

9) Dumarey, R.; Dams, R.; Sandra, P., Journal HRC&CC, 1982, 5, 687-9

10) Cerbus, C.S.; Gluck, S.J., Spectrochimica Acta, 1983, 38-B, 387-97

11) Drushel, H.U., J.Chromatographic Science, 1983, 21, 375-84

12) Gluck, S.J., J.Chromatographic Science, 1982, 20, 103-08

13) Baim, M.A.; Hill, H.H., Journal HRC&CC, 1983, 6, 4-10

14) Yamada, M. et al, J.Chromatography, 1982, 238, 347-56

15) Feldman, C.; Bastistoni, D.A., Analytical Chemistry, 1977, 49, 2215-21

16) Rice, G.W. et al, Analytical Chemistry, 1981, 53, 1519-22

17) David, D.J., "Gas Chromatographic Detectors", 1974, Wiley-Interscience

18) Owens, J.L.; Kinast, O.E., Analytical Chemistry, 1981, 53, 1961-2
A.,

19) Osman, M.A.; Hill, H.H., J.Chromatography, 1983, 264, 149-53

20) Schneider, W. et al, J.Chromatography, 1982, 245, 71-83

21) Fine, D.H. et al, Analytical Chemistry, 1975, 47, 1188-91

22) Patterson, P.L., J.Chromatography, 1978, 167, 381-97

23) Kashihira, N. et al, J.Chromatography, 1982, 239, 617-24

24) Anderson, R.J.; Hall, R.C., American Laboratory, February, 1980, 108-24

25) Warner, J.S. et al, AFWAL-TR-82-2015, USA", May, 1982

21

%% %



IvI

~'0

,LMU~i

Al'

. o f

.'".

wooI
V~~~ %


