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ABSTRACT OF THE DISCLOSURE 
Gas analysis is performed utilizing flame photometry 

by burning a sample of the gas to be analyzed in a hy 
drogen-rich flame in which combustion is supported by 
oxygen, restricting observable flame-induced emissions 
from materials in the sample to substantially only those 
Wavelengths of radiant energy emanating from a region 
above the cone of the flame, and selectively detecting 
wavelengths of radiant energy emanating from the region 
above the cone of the flame at the characteristic flame 
emission wavelength of sulfur or phosphorus, or both. 

This invention relates to flame photometric detectors 
for gas chromatographs, and in particular, to a method 
which is specific to the detection of phosphorus and sul 
fur compounds present in the effluent from a gas chroma 
tographic column and apparatus therefor. 

Heretofore, the accurate detection of phosphorus and 
sulfur by flame photometry in the art of gas chromatog 
raphy had not been achieved due to the inability to pro 
vide a method or apparatus which had the required 
sensitivity and specificity to these elements. That is, 
flame photometric detectors of the prior art, if used for 
gas chromatography detection, would be responsive not 
only to the spectral emission of the burning phosphorus 
and sulfur compounds, but would respond also to the 
burning organic compounds and the hydrogen which 
might be used as fuel for combustion. Thus, the output of 
Such a photometer could not provide a readout which 
could quantitatively analyze the amount of phosphorus 
or sulfur eluted from the column, since any response at 
tributable thereto would be masked by the presence of 
the other compounds and the resulting noise. 

Accordingly, it has been the general practice to use the 
technique of thermionic flame emission for the detection 
of phosphorus, which method however, is not highly 
specific thereto, and is responsive to the presence of halo 
genated compounds as well. Since sulfur compounds can 
not be detected by the themionic emission technique, 
pyrolysis to HS or SO2 is sometimes utilized in con 
junction with a microcoulometric procedure for sulfur 
detection. Microcoulometry, however, is subject to inter 
ference and noise from the presence of other compounds 
and is consequently not as specific to sulfur as is desired. 
Likewise, microcoulometry might be applied for the detec 
tion of phosphorus compounds, however, its sensitivity to 
these compounds is less than its sensitivity to sulfur com 
pounds. 
The present invention provides an accurate and reliable 

method of detecting the presence of phosphorus and sul 
fur compounds in the effluent from a gas chromatographic 
column by utilizing flame photometry and apparatus 
therefor which is rugged, accurate, and compact. 
A carrier gas comprising nitrogen is fed through a 

Sample injector apparatus. At a particular time, a quantity 
of the sample to be analyzed is injected into the carrier 
gas by the sample injector. The sample is separated as it 
moves through a gas chromatographic column and the 
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effluent therefrom is fed to a single burner of a flame 
photometer constructed in accordance with the present 
invention. 
The column effluent, including the nitrogen carrier 

gas, is mixed with oxygen prior to reaching the burner, 
and hydrogen is then mixed therewith in the burner tip. 
The resulting gas mixture is hydrogen rich, i.e., in that 
the amount of hydrogen added is more than sufficient 
for complete combustion with the amount of OXygen 
present. 
The total gas mixture is ignited at the burner tip, 

preferably utilizing an electrically heatable nichrome wire 
or other suitable heating element. 
The flame and light emission qualities thereof thus 

produced are of a significant nature with respect to the 
Construction of the present invention. Specifically, it is 
found that such a gas mixture produces light emission 
having a color which is characteristic of either sulfur 
or phosphorus or both, and that such light emission takes 
place primarily in the uppermost portion of the flame, 
above the inner cone. The lower portions of the flame are 
characteristic of the normal hydrogen-air flame. The char 
acteristic colors produced by sulfur and phosphorus are 
blue and green, respectively, in a hydrogen-rich air Sup 
ported flame, 
The characteristic emission wavelengths of light most 

Suitable for the purpose of identification of sulfur and 
phosporus have been found to be 394 and 526 milli 
microns, respectively. Since there may be other com 
pounds present, such as CO2 and hydrocarbons, general 
ly, which have a broad band emission spectrum and thus 
also emit at both the 526 and 394 millimicron wave 
lengths, the total light emission from the flame is de 
rived from all of these compounds. However, since it has 
been found that the emissions from compounds other 
than those containing sulfur and phosphorus take place 
almost exclusively in the lower portion of the flame, two 
features are provided, in accordance with the present in 
vention, to obtain the required specificity and sensitivity 
to the Sulfur and phosporus compounds and the quantita 
tive determinations thereof. & 

First, there are provided two narrow band optical 
filters, the optical axis of each passing through the up 
permost portion of the flame. One filter is transmissive 
to only light having a wavelength of substantially 526 
millimicrons while the other is transmissive to only light 
of Substantially 394 millimicrons. Responsive to the trans 
mitted band from each respective filter is a photodetec 
tor, Such as a photomultiplier tube or other suitable photo 
electric or light sensitive device. 
The electrical output of each photodetector is con 

nected to an appropriate recording device for providing 
a graphic quantitative presentation of the presence of 
Sulfur and/or phosphorus in the sample. 
The results So far discussed are materially improved 

in accuracy by a second feature in accordance with the 
invention which obviates deviations due to the aforemen 
tioned emission produced by the normal portion of the 
flame, and other flame components which have broad 
band characteristics and which would normally reach 
the photodetectors. In particular, this second feature in 
cludes the provision of a burner tip incorporating a shield 
ing means for preventing the photodetectors from view 
ing anything but the upper portion of the flame. This, 
then provides for high specificity and for low background 
flame noise in the output of the photodetectors. 

Additionally, a probe may be inserted above the burner 
tip and a potential applied between the probe and the 
tip in order to detect the ionization of the flame for a 
determination of the presence of all organic compounds, 
in a manner known to the art. Further, detection of 
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thermionic flame, emission may also be optionally pro 
vided by the use of an additional burner in the exhaust 
stream for a determination of the presence of phosphorus 
and halogen compounds. Thus, three analyses might be 
conducted concurrently, or separately, from a single 
burner flame fed from a suitable sample source, in addi 
tion to a fourth analysis utilizing an afterburner. 

Thus, it is an object of the present invention to pro 
vide a method of and apparatus for obtaining quantita 
tive results from a gas chromatographic column, where 
such method and apparatus is highly specific for, and 
highly sensitive to, sulfur and phosphorus compounds. 

It is another object of the present invention to pro 
vide a means whereby sulfur and phosphorus compounds 
present in the effluent of a gas chromatographic column 
may be detected by utilizing flame photometry. 

It is still another object of the present invention to 
provide a single unitary device for gas chromatographic 
detection having the capability of a multiplicity of simul 
taneous readouts by providing means for detecting hy 
drocarbons by flame ionization, and means for detecting 
sulfur and phosphorus compounds by flame-photometry, 
in addition to means for detecting phosphorus and halo 
gen compounds by thermionic flame emission. 

It is a further object of the present invention to ac 
complish the immediately aforesaid object by merely uti 
lizing a single burner and without the necessity of split 
ting, or separating the effluent from the gas chromato 
graphic column. 

It is still a further object of the present invention to 
detect sulfur and phosphorus compounds by means of 
flame-photometry performed by utilizing a novel burner 
tip which enhances the specificity of the response to the 
above-named compounds. 

Still another object of the present invention is the de 
tection of sulfur compounds and phosphorus compounds 
by flame-photometry utilizing a hydrogen-rich flame. 
The above and still further objects, features and ad 

vantages of the present invention will become apparent 
upon consideration of the following detailed description 
of one specific embodiment thereof, especially when taken 
in conjunction with the accompanying drawings, wherein: 
FIGURE 1 is a diagrammatic illustration of a gas 

chromatograph utilizing flame detection in accordance 
with the present invention; 
FIGURE 2 is an elevational view, in section, of the 

flame-photometer in accordance with the present inven 
tion; 
FIGURE 3 is a top view, in section, of the flame-pho 

tometer in accordance with the present invention; and 
FIGURES 4a and 4b illustrate the top view and ele 

vational cross-section, respectively, of the flame-photom 
eter burner tip in accordance with the present invention. 

Referring now to FIGURE 1 which shows in diagram 
matic form a gas chromatograph with the flame pho 
tometric detector in accordance with the present inven 
tion, a supply of nitrogen carrier gas 10 passes through 
the sample injector 11 and then through the chromato 
graphic column 12 via lines 24 and 22. At a particular 
time, a quantity of sample containing phosphorus and/ 
or sulfur compounds, as well as possibly halogen com 
pounds is injected into the nitrogen carrier gas at the 
sample injector 11 and the components are separated as 
the sample moves through the column. These compo 
nents, together with the nitrogen, are eluted from the 
column at 23 and flow to the flame photometric detector 
13 where the effluent is mixed with hydrogen 25 and oxy 
gen 26 to produce a hydrogen-rich mixture. The hydro 
gen functions as fuel for the burner flame while the oxy 
gen is provided to support the combustion. Although the 
supply of gas 26 has been referred to as oxygen, it is 
understood that a normal air supply may be substituted 
therefor and, as used herein, reference to oxygen con 
templates the substitution of a supply of air. For detec 
tion of phosphorus and sulfur compounds, in accordance 
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4. 
with the method of the present invention, it is found 
that for detection of the former it is necessary to main 
tain the gas mixture hydrogen-rich although for detec 
tion of the latter, the mixture can be maintained oxygen 
rich. The general combustion products, including water 
vapor, are exhausted at 27. 
A plurality of independent electrical outputs are pro 

vided from the detector 13 which indicate the time re 
quired for each component to pass through the column 
12 and also provide a quantitative measure of each com 
ponent. The detector outputs 19, 20 and 21 are each elec 
trically connected to recording devices 16, 15, and 14, 
respectively, which recorders may be of any commercially 
available type. Each recorder and the detector 13 is pro 
vided with an appropriate electrical power source from 
power supply 17 through lead 18. 

Referring now to FIGURES 2 and 3 which show the 
detailed construction of the detector 13 in order to illus 
trate a specific embodiment of the present invention, the 
column effluent including the carrier gas passes through 
the entrance tube 45 where it is mixed with oxygen and/ 
or air from line 46. The mixture then flows to the 
center bore of the burner tip 42 where the effluent 
oxygen mixture is mixed with hydrogen supplied through 
four spaced circumferential ports, as will be more fully 
explained hereinafter. The gas mixture is electrically heat 
ed by a Nichrome resistance wire 40 which forms part 
of the igniter 39. Insulated lead 52 provides the elec 
trical potential to one end of the heater wire 40, the other 
end being connected to the metal housing which is main 
tained at ground potential. The hydrogen-air flame heats 
the metal burner housing 36 and the exhaust gases and 
water vapor from combustion leave the burner assembly 
through common exhaust tube 48. The burner housing 
36 is heated to a sufficiently high temperature by the 
flame that no condensation is formed thereon, thus obviat 
ing any problem of condensate drainage. 
As shown in FIGURES 4a and 4b, the burner tip is 

constructed in such manner that the effluent-oxygen gas 
mixture flows up through the bore 55. The four ports 57 
surrounding the center bore supply hydrogen for combus 
tion which is mixed with the center-bore flow at 70. 
The flange 58 is adapted to provide a gas-tight seal to 
the main burner structure, shown in FIGURE 2. The 
hydrogen thus flows from entrance port 47, between 
the concentric cylinder walls 56 and the outer wall of 
the burner to the four ports 57 in the burner tip. 

Shield 59 is provided about the combustion chamber 
depression at 70. The shield 59 extends about 0.2 inch 
from the upper surface of flange 58 and functions to 
substantially block the light emission from all but the 
uppermost portion of the flame. Reflecting baffles 60 
are provided throughout the entire inner surface of the 
shield structure 59 and function to effectively reflect the 
light emitted from the pilot flame toward the combus 
tion chamber depression 70 and away from the open end 
of the shield. 

Referring back to FIGURE 2, a photodetector is 
shown comprising a photomultiplier tube 28, an optical 
filter 30, and a glass window 31 which serves as a heat 
filter. Each element of the photodetector is located on 
an optical axis viewing only the very upper portion of 
the flame and for all practical purposes the flame, itself, 
is not viewable by the photomultiplier tube 28. 
The glass window 31 tends to block the long wave 

length heat radiations, while the optical filter 30 trans 
mits only the optical spectral band of interest. Assum 
ing that where the photodetector is to be responsive to 
only sulfur compounds, filter 30 should be capable of 
selectively transmitting only a narrow band of wave 
lengths about 394 millimicrons, whereas if phosphorus 
compounds were to be detected the filter should pass 
wavelengths at or near approximately 526 millimicrons. 
The filter 30 and window 31 are supported by a metal 

collar arrangement comprising inner and outer annular 
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members 32 and 43. The collar 32 is arranged to fit at 
one end within a circular bore in the burner housing 36, 
and at the other end within the outer member 43. The 
viewing aperture of the photomultiplier tube 28 is seated 
within the annulus of member 43 with the remainder of 
the tube being supported in a shock absorbing material 
49 such as rubber, or other suitable material, encased 
within the outer metal housing 50. As shown in FIGURE 
2, gasket rings are provided between the inner annular 
member 32 and the outer member 43 as well as between 
member 32 and the burner housing 36. Spacers 44 are 
provided for maintaining the filter 30 and the window 31 
in a fixed position. 

Also, centered on the optical axis of the photodetector 
is mirror 37 which serves to increase the effective illumi 
nation to the photodetector by reflection of the light rays 
thereto resulting in an increase in the sensitivity of the 
system. 

Although the photodetector is shown as a photomulti 
plier tube, a solar cell or other photoelectric device might 
be used together with the appropriate electronic circuitry 
therefor. 

In the embodiment of FIGURE 3, a dual detector as 
shown in which a second photodetector and mirror as 
sembly is provided at right angles to the first detector for 
detection of the phosphorus compounds contained in 
the sample, continuing with the assumption that the first 
detector is to be used for detection of sulfur compounds. 
The structure of the phosphorus detector is similar to 
that of the sulfur detector already described. The glass 
window 34 for decreasing the heat transmission to the 
photodetector is similar to window 31 and the optical 
filter 33 is similar to the filter 30 with the exception that 
it is designed to only transmit light of a narrow band 
of wavelengths about a wavelength of 526 millimicrons, 
rather than 394 millimicrons. The photomultiplier tube 
29 is identical to the tube 28. The leads 53 and 54 of the 
sulfur and phosphorus detectors, respectively, correspond 
to the leads 20 and 21 in the system diagram of FIG 
URE 1. As there shown, the output leads 53 and 54 
are respectively connected to the recorders 15 and 14. 
Mirror 38 coacts with the photomultiplier tube 29 and 
the phosphorus photodetector generally, in exactly the 
same manner as mirror 37 cooperates with similar com 
ponents of the sulfur detection system. The single probe 
62 (only shown in FIGURE 3), which extends above the 
flame is insulated from the burner housing 36 by means of 
an insulating sleeve 35. The probe 62 is electrically con 
nected in series circuit relationship to a potential source, 
an amplifier and recording device 16 whereby a potential is 
applied across probe 62 and the burner tip 42. The ampli 
fier may, of course, form a part of the recorder 16. The 
burner tip 42 is maintained at ground potential as is 
the housing 36. Probe 62 is preferably disposed concentric 
with the burner flame, although it is shown in an offset 
position in FIGURE 3 for the purpose of illustration. 

In the operation of the detector, the column effluent and 
oxygen mixture entering the center bore 55 of the burner 
and mixing with the fuel entering through ports 57 burns 
substantially entirely within shield 59. The light emission 
characteristic of the presence of phosphorus and/or sulfur 
would be present at a distance above the shield 59. That 
is, in the event of the presence of phosphorus or sulfur, 
or compounds thereof, the flame induced emission is phys 
ically above the burner tip, in-line with the optical axis of 
the photodetectors. The shield 59 prevents the photodetec 
tor from viewing the normal hydrogen-air flame, which 
as previously discussed, increases the specificity and re 
duces the flame background noise in the photomultiplier 
tube outputs. The presence of the light baffles 60 also pro 
vide an increase in the specificity because of the reduction 
in the available light emission not characteristic of phos 
phorous and Sulfur compounds, as well as for the reasons 
aforementioned. Compounds such as carbon dioxide and 
hydrocarbon compounds may emit at both 526 m.p. and 
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6 
394 mu; however, these emissions take place almost exclu 
sively in the portion of the flame hidden from the photo 
detector, whereas the phosphorous and sulfur emissions 
may be in the hidden portion of the flame as well as above 
the hidden pilot flame in-line with the optical axis. It has 
been found, for example, that the specificity to phos 
phorus obtained with the present invention is 20,000 to 
50,000/1 in the presence of chlorinated compounds, aro 
matic ketones, aromatic-aliphatic esters, and organo 
nitrogen compounds. 
The flame ionization detector operates in a manner well 

known in the art. That is, the presence of organic com 
pounds, hydrocarbons for example, changes the conduc 
tivity of the flame. Since the electrode 62 is in electrical 
contact with one portion of the flame, the other portion 
being in contact with the burner tip, the resistance between 
these two points is a measure of the ionization of the 
flame and hence, the corresponding amount of organic 
compounds present. This measurement may be provided 
in permanent recorded form by the utilization of an elec 
tronic recording device 16 such as is well known in the 
art. It has been found, however, that by using a hydrogen 
rich flame for ionization detection, the absolute response 
to the presence of halogenated compounds is enhanced 
while the response to the presence of non-halogenated 
compounds remains unchanged as compared to conven 
tional ionization detection utilizing an oxygen-rich flame. 
Thus, in accordance with another feature of the invention, 
the sensitivity to halogenated compounds is increased by 
using a hydrogen-rich flame in conjunction with the flame 
ionization detector. 

Thus, the detector, in accordance with the present in 
vention, may provide three analyses concurrently or any 
one separately, as shown in the system of FIGURE 1. 
Photomultiplier tube 28, being responsive to the presence 
of sulfur in the column effluent, produces a record in 
recorder 15 while the photomultiplier tube 29, being re 
sponsive to the presence of phosphorus in the column 
effluent, produces a record in the recorder 14. The meas 
urement or the organic, or hydrocarbon, component con 
tent is measured, or may be measured, with the flame 
ionization detector producing a recorded output in re 
corder 16. 

Additionally, thermionic emission might be detected by 
the inclusion of an additional electrode near the flame of 
an after-burner, as previously described, where said elec 
trode is coated with a sodium salt, such thermionic emis 
sion detection being known in the art. 
The particular burner construction may have a variety 

of different physical arrangements of orifice sizes or di 
mensions, etc. However, it is of significance with respect 
to the present invention to shield the pilot flame from the 
photodetector to prevent the same from responding to 
the spectral emission therefrom. 
We claim: 
1. A flame photometric detector comprising burner 

means; 
means for supplying a sample to be identified, a fuel 

gas, and a combustion supporting gas to said burner 
means wherein said gases are mixed and a flame is 
produced therefrom; 

photodetector means having an optical axis in line 
with the uppermost portion of said flame; 

said photodetector means responsive to a given wave 
length of light emission from the uppermost portion 
of said flame, said given wavelength of light being 
characteristic of the presence of an element selected 
from the group consisting of phosphorus and sulfur; 

said burner means comprising a shielding means for 
preventing the light emission from all but the upper 
most portion of the flame from entering the optical 
path of said photodetector means, such that light 
emitted at said given wavelength by elements other 
than said selected element is not detected. 

2. The apparatus of claim 1 wherein said shielding 
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means includes means for reflecting the light emission 
from all but the uppermost portion of the flame in a direc 
tion opposite to said uppermost portion. 

3. The apparatus of claim 1 further comprising an 
other photodetector means having an optical axis in line 
with said uppermost portion of said flame; 

said another photodetector means responsive to another 
given wavelength of light emission from said flame; 

said another given wavelength of light being character 
istic of the presence of the other elements from said 
group whereby both elements of said group may be 
detected concurrently. 

4. The apparatus of claim 1 wherein said photodetector 
comprises a photoelectric device and an optical filter 
along said optical axis, said optical filter selectively trans 
mitting substantially only the emitted light at said given 
wavelength. 

5. The apparatus of claim 1 further comprising means 
for reflecting the light emission from the uppermost por 
tion of said flame toward said photodetector means along 
said optical axis whereby the sensitivity to said element 
is increased. 

6. A flame photometric detector for gas chromatog 
raphy comprising burner means; 
means for supplying column effluent, a fuel gas, and 

a combustion supporting gas to said burner means 
wherein said gases are mixed and a flame is pro 
duced therefrom; 

photodetector means only responsive to a given wave 
length of light emission from the uppermost portion 
of said flame characteristic of the presence of an 
element selected from the group consisting of phos 
phorus and sulfur; and 

means including an opaque shield about the cone of 
said flame, for preventing the light emission at said 
given wavelength by elements other than said se 
lected element from being detected by said photo 
detector. 

7. The method of detecting phosphorus and sulfur 
compounds is gas chromatography comprising the steps 
of 

injecting the sample to be identified into a stream of 
carrier gas; 

passing the sample and carrier gas through a chromato 
graphic column for separating the sample into its 
components; 

mixing the effluent from the column with hydrogen 
and oxygen, burning the resulting gas mixture pro 
ducing a flame therefrom; 

detecting the presence of a given wavelength of light 
emission from said flame characteristic of an element 
selected from the group consisting of phosphorous 
and sulfur; and 

shielding said flame such that such light emissions at 
said given wavelength caused by elements other than 
said selected element are substantially restricted to 
a portion of the flame from which detection is 
prevented, whereby the specificity of said method to 
said selected element is increased. 

8. The method of claim 7 wherein said step of shielding 
includes reflecting the light emission caused by said other 
element in a direction opposite to the upper most portion 
of said flame. 

9. The apparatus according to claim 1 further com 
prising means for measuring the ionization characteristic 
of said flame wherein said flame is burned hydrogen-rich 

10. A flame photometric detector having high specificity 
to phosphorus and sulfur, said detector comprising: 

a burner, 
means for supplying a sample to be tested for presence 
of sulfur and/or phosphorus to said burner, 

means for mixing hydrogen gas and oxygen gas with 
the sample to be supplied to said burner wherein 
the amount of hydrogen gas is in excess of that re 
quired for complete combustion with the amount of 
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8 
OXygen gas present Such that a hydrogen-rich flame 
may be produced, 

means associated with said burner for igniting said 
mixture to produce said flame at said burner, 

a shield associated with said burner and encompassing 
at least the lower portion of said flame to inhibit 
flame-induced emissions occurring within said 
Shielded portion of said flame, including emissions 
at Wavelengths about the respective emission wave 
lengths of Sulfur and phosphorus, from emanating 
beyond said shielded portion of said flame, and 

photometric detection means for selectively detecting 
One or more of said emission wavelengths emanating 
from a region above the shielded portion of said 
flame. 

11. The invention according to claim 10 wherein said 
detection means includes a first photometric detector for 
phosphorus and a second photometric detector for sulfur. 

12. The invention according to claim 11 wherein each 
of Said detectors has an optical axis oriented for viewing 
the same region above said shielded portion of said flame. 

13. In a gas analyzer utilizing flame photometry, 
means for burning a sample of the gas to be analyzed 

in a hydrogen-rich flame in which combustion is 
Supported by oxygen, 

means associated with said burning means for restrict 
ing observable flame-induced emissions from mate 
rials in said sample to substantially only those wave 
lengths of radiant energy emanating from a region 
above the cone of said flame, and 

photometric detector means for selectively detecting 
Wavelengths of radiant energy emanating from said 
region at the characteristic wavelength of an element 
selected from the group consisting of sulfur and 
phosphorus. 

14. The invention according to claim 13 wherein said 
region under observation for detection of said wavelengths 
is the sane for both sulfur and phosphorus. 

15. In a method of analyzing gas by use of flame 
photometry, 

burning a sample of the gas to be analyzed in a hydro 
gen-rich flame in which combustion is supported by 
oxygen, 

shielding at least the lower portion of the flame from 
direct observation to restrict observable flame-in 
duced emissions from materials in the sample to 
Substantially only those wavelengths of radiant en 
ergy emitted from a region above the cone of the 
flame, and 

Selectively detecting emissions at a wavelength corre 
Sponding to the emission wavelength of one of the 
elements from the group consisting of sulfur and 
phosphorus, from said region above said cone. 

16. The method according to claim 15 wherein is in 
cluded concurrently and selectively detecting emissions 
at wavelengths corresponding to the emission wavelengths 
of both sulfur and phosphorus. 

17. The method according to claim 15 wherein said 
shielding includes reflecting the radiant energy emitted 
from materials within the cone of the flame back toward 
said cone. 

18. A flame photometer for concurrent detection of 
Sulfur and of phosphorus or of compounds of sulfur and 
of phosphorus in a sample of a medium under test, com 
prising: 

burner means, 
means for Supplying said sample together with a fuel 

gas and combustion-supporting gas in mixture to said 
burner means, 

ignition means associated with said burner means for 
igniting said mixture to produce a flame therefrom, 

shielding means further associated with said burner 
means for restricting observation of said flame along 
optical paths transverse to the axis of said flame to 
a region above the cone of said fiane and for sup 
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pressing radiant energy emissions from the cone of 
said flame into said region, whereby to substantially 
prevent observation of emissions from other mate 
rials that may be present in said mixture at wave 
lengths interfering with the sulfur and phosphorus 
emission wavelengths to be detected along one or 
more of said optical paths; and 

first and second photodetector means optically aligned 
with separate ones of said optical paths for Selec 
tively detecting light at said emission wavelengths 
of sulfur and phosphorus, respectively, emanating 
from said region. 
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