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SUMMARY 

The construction of photometric detector prototypes for gas chromatography 
is described. These prototypes were designed to monitor “cold” chemiluminescence 
phenomena such as the reactions of O2 analyte with P4 vapor or the reaction of organic 
compounds with 0,. They have also been used, via the quenching of chemilumines- 
cence, to detect the passage of organic compounds through steady “cold flames”, 
generated by such systems as P&/O, or SiH4/02. An example of their selectivities as 
compared to standard flame-ionization detection response is given and some further 
developments are suggested. 

1NTRODUCTION 

Chemiluminescent reactions1-4 are often of considerable analytical utility. In 
conjunction with gas chromatography (GC), the best-known examples of .their use 
are the Brody-Chan ey type flame photometric detector5 and the (non-flame) Bruening- 
Concha detector6 based on the ozone reaction. 

We have recently used “cold flames” of various origins for the detection of 
GC effluents via quenchin g of light emission (negative peaks)‘, and have monitored 
oxygen by its gas-phase reaction with Pj vapor (positive peaks)8_ 

Three detector constructions have been utilized. They differ in the manner 
effluent and reagents are mixed, in the relative position of the chemiluminescent zone 
and light-gathering channel, and, last but not least, in the ease with which the detector 
can be opened and cleaned. All three detectors incorporated the optical channel of a 
Bendix “SPED” photometric detector, which uses a glass-fiber light guide. This 
arrangement happened to be available to us and proved very convenient in day-to- 
day detector operation; however, a construction along the lines of other, “direct”- 
light-transmission type flame photometric detectors would have been equally feasible. 

The first detector prototype has been schematically described’, the next two, 
which were of a more permanent nature and much easier to clean, are described below. 

-- 
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Fig. 1. Cold flame photometric detector prototype No. 2. 

EXPERIMENTAL 

Detector constructions 
Fig. 1 shows prototype No. 2 in cross-section as seen from the top. The cold 

flame, “burning” in horizontal position and pointing away from the gas chromato- 
graph, was viewed head-on by the light guide through a quartz window. (Quartz was 
a convenient material to use; it was not chosen for its UV-transmitting capabilities 
which would have been to little avail in view of the restricted spectral range of the 
light guide.) 

The detector body was made of brass, which acquired a black coating when 
used with phosphorus vapor. The gas streams indicated in Fig. 1 are those of the 
P,/O1 system. The entrance line marked “Pa j Ni’ in Fig. 1 was used in the SiH4/02 
and 0, systems for “SiH, f Nz” and “0, + 02” reagents. Entrance lines were all 
1/16 in. 0-D. stainless-steel tubing; the one accommodating O1 + Nu’, was a capillary 
to dampen out any short-term flow fluctuations. The exhaust line was 1/S in. O.D. 
copper tubing, soon expanding to ‘/4 in. 0-D. and finahy entering the high-flow ex- 
haust duct of a laboratory hood. The system was occasionally checked for leaktight- 
ness by closing a valve in the exhaust line and watching the rotameter of both the N1 
supply to the GC column and the phosphorus-doping line, drop to zero. 

The flow lines entered and exited through standard connections (sawed- 
through Swagelock unions), silver-soldered to the detector body. The body was heated 
by a brass piece of similar size which contained a 250-W heating cartridge and was 
screwed tightly to the underside of the detector (not shown). The heated area was 
surrounded by Marinite insulation. A few coils of ‘,‘s in. copper tubing were wrapped 
around the entrance section of the light guide, and tap water was circulated through 
the coils to cool this area when unusually high detector temperatures were needed. 
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The O-rings were of regular or fluorinated silicone rubber; gaskets made from 
polytetrafluoroethylene were also used. For cleaning the detector (mainly: the quartz 
window which acquired a central circular spot of reaction products), the light guide 
assembly couId be easily screwed out. 

Prototype No. 3 is shown in Fig. 2 in cross-section as if seen from the side of 
the instrument. It incorporated, jnutatis mrttandis, most of the features of prototype 
No. 2, but differed in the following aspects. The cold flame “burned”, upside down, on 
a concentric tube assembly, which could be easily removed from the top of the detector 
if modification was desirable for accommodating different reactions. The normal 
cleaning of the detector was achieved by removing the bottom (standard Swagelock) 
part, which allowed the quartz tube to fall out. In the case of P,/O, operation, the tube 
was immersed in water to remove phosphorus oxides, and re-inserted. This procedure 
was usually accomplished without cooling the detector; it look less than 5 min to 
complete. 

The detector body and all Swagelock terminals were of stainless steel; a.200-W 
heating cartridge was used. No siguificant deposits were noted on the quartz window. 
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Fig. 2. Cold f&me photometric detector prototype No. 3. 

Reagents 
. For the P,/O, system, nitrogen carrier gas (ca. 25 ml/min for the GC column 

and ca. 20 ml/ruin for the P4 doping line) was freed of most oxygen by passage 
through a heated gas-purifier cartridge (Supelco). Part of it was passed over the surface 
of white phosphorus (a very efficient method to scavenge oxygen) and then, in a 
second glass tube heated to ca. 50”, over the surface of liquid phosphorus (to dope the 
Nz stream with Pa). 
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For O2 determination, no other gas was needed. For quenching of the P4/02 
cold flame by GC solutes, 0, was added as “high purity” grade nitrogen in very small 
amounts, regulated by a differential flow controller and a damping capillary. This 
nitrogen contained CCI. 14 ppm O1 and was adjusted to give full-scale background 
current on a I-mV recorder for 50 K attenuation of the Bendix SPED electrometer 
(ca. 5 - 10s6 A PM-tube current). This settin g corresponds approximately to the 
maximum in the signal to noise profile for quenching GC solutes. The detector was 
routinely cleaned after 12 h operating time. 

For the SiH,[O, system, non-optimized flows were ca. 100 ml/min of 0.5% 
SiH, in Nz (Matheson); and dry air so as to give full-scale response for the background 
current on the 2-K attenuation range (ca. 2 - IO-’ A PM-tube current). The detector 
was routinely cleaned after 4 h operating time. 

For the Imonitoring of chemiluminescence derived from the reaction of various 
compounds with ozone, a stream of oxygen, CLZ. 70 ml/min, was passed through a 
quartz tube (as used in an earlier photolysis studyg) surrounding a low-pressure Hg 
discharge (quartz pencil lamp, Black Light Eastern), and on to the detector. 

Operating conditions 
The GC conditions were routine. A 150 x 0.2 cm glass column was packed 

with 3”/0 OV-101 on Carbowax 20M deactivated”’ Chromosorb W, 100-120 mesh. 
The standard program (as used for the chromatograms shown in Fig. 3) was 1 min at 
30” isothermal, then 4”jmin up to 120”. The instrument was equipped with a conven- 
tional flame-ionization detector (FID) kept at 220”; the luminescence detectors were 
generally operated at 150”. 

RESULTS AND DISCUSSION 

Most of our experience with the detector prototypes was based on the two 
methods utilizing phosphorus vapor ‘s8_ Silane could be used, in analogy to phos- 
phorus, for the detection of oxygen (positive peaks) or the detection of various GC 
effluents via their quenching action on the SiHJ/02 chemiluminescence (negative 
peaks); and there are most likely other systens which could serve in a similar manner. 
Obviously, the analytical objective could be reversed if Pa or SiH4 were to be de- 
termined in gas streams or in gas chromatographic effluents. 

The ozone mode was added to show the applicability of the detector prototypes 
Nos. 1 and 3 to other types of chemiluminescent reactions. Chemiluminescence due 
to ozonization has been much studied (e.g., ref. 11). and forms the basis of several 
air-pollution monitors12~13_ In agreement with Bruening and Concha’s pioneering 
efforts in the GC area6.15, detector temperature exerted a major influence on what 
types of compounds were detected. 

Of various tested analytes, only olefins and sulfur compounds responded at 
IOO”, while these plus a variety of amines, aldehydes and ketones gave signals at 200”. 
The best responding substances were CS215 and a number of a-diketones like diacetyl. 
Beyond the choice of temperature, it would be reasonable to expect further selectivity 
increases from the use of optical filters for the various emission systems known to 
arise from ozonization. 

The photolytic production of 0, was convenient and inexpensive, utilizing 
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parts available froin an earlier study of a GC photochemical reactorg. However, this 
type of source provides at best a few ppm of ozone (cf-, ref. 16) and does not measure 
up to the output of a typical ozone generator which produces OS concentrations about 

10,000 times higher. This and the sophistication of the Bruening-Concha light- 
gathering system make it understandable that their minimum detectable amounts 
were in the nanogram range whereas ours barely reached submicrogram levels. We 
thought it important, though, to include the ozone option for this type of detector 
construction’. 

In analo_q to the P,/O, and SiHS/OI? systems, it. should be possiiile to produce 
steady “cold flames” from ozone and a variety of compounds like ethylene, trimethyl- 
ethylene, methanethiol”, carbon disulfide or diacetyl. The first three compounds, for 
instance, differ widely in the magnitude and spectral distribution of their light out- 
put”. Thus, a quenching of luminescence by GC solutes, augmented by selection of 
the appropriate spectral region (e.g., ca. 510-530 nm for trimethylethylene), may 
produce selective responses for different solute structures. 

It should also be possible to mix excess ozone with column effluent prior to its 
entrance into the detector, where then a reaction with, say, one of the above-mentioned 
compounds would have signaled effluents that had reacted with O3 on the way to the 
detector (as negative peaks). Or, catalytically or thermally controlled selective 
degradation could have been carried out. However, none of these possibilities have 
been further investigated. 

It may be added that, after some obvious modifications like the addition of an 
igniter coil, prototype No. 3, downside up, could also have been used for conven- 
tional, “hot flame” photometric detection of gas chromatographic effluents. Some 
aspects- of its construction are similar to those used in the commercial flame 
photometric detectors of Bendix and Shimadzu. This possibility was not further 
investigated, however, since “cold flames” were the primary objectives of this 
study. 

Here, most work was done on the quenching of P,/OZ 1uminescence:Minimum 
detectable amounts of various compounds varied from 2 ng (benzaldehyde) to 0.3 mg 
(dichloromethane), in apparent relation to their ease of oxidation, with linear- 
response ranges from 1 to 2 orders of magnitude, and temperature dependences of 
response generally small and dependent on compound structure’. 

Prototype detectors Nos. 2 and 3 both performed well, and more or less with 
similar results. We prefer No. 3 because of its easier cleaning (a necessity in a type of 
detector where non-volatile reaction products are constantly beins generated). 

The system uses an excess of P4 vapor, and oxygen (which determines baseline 
and response) must therexore be delivered to the detector in a smooth, constant stream 
to avoid excessive noise. This has apparently been achieved since experiments showed 
that baseline noise (but not baseline drift) was nearly exclusively generated by %he 
photomultiplier tube, thereby raising the possibility of future improvenients in sensi- 
tivity. 

l When this study was completed, we managed to borrow an ozonizer of the type commonly 
used for organic synthesis. A short check confirmed that higher ozone levels did indeed improve 
sensitivity; e.g., 10 ng thiophene could now be easily detected”. 
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Fig. 3. Response of four detection modes to a conifer-oil extract. 5 ml “Kneipp Fichtennadel Lat- 
schenkiefer glbad” (Kneipp, Wfirzburg, G.F.R.) extracted with 1 ml hexane, extract diluted 1 :I0 
with dichloromethane; injected: 1~1 for FID, Pa/O,, and SiHJ02; 4,ul for OS_ Attenuations 50 K 
for Pj/Orl 1 K for SiHJOt. and 100 for OX. 

Fig. 3 shows the chromatography of a terpenoid mixture from a commercial 
bath-oil using the P,/O,, SiH,/OI, and 0, systems together with conventional FID 
response (the first two produce negative, the latter two positive peaks; but all four 
are shown in the same direction). Differences are evident even in this mixture of.closely 
related compounds. The clearest, overall, are seen between O3 and the other three 
detectors, the former presumably responding to unsaturation in this case. Major 
differences exist, for instance, in the responses of compounds 8, 9 and 10 among the 
four detection modes. The SiH,/O, system showed, in other experiments, good sensi- 
tivity for a number of organometallics, e.g., tetraethyllead. The question whether this 
fact is related to the Pb!SiH4 interaction in a recently developed ionization detector” 
has not been further pursued. 

The mechanisms of response in these and other, similar detection modes are 
largely unknown at the moment. It appears, however, that the described detector 
provides one convenient way of studying them, besides offering analytical advantages 
for selective determination of certain compound types. 
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