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CHROM. 6537 

CI-IAl~ACTERISTICS 01; S, l5vlISSION INTENSITY WITH A l?LAivE 
PI-IOTOkIISTI~IC DETIXTOR 

The molecular emission from sull~ln_~r compounds was studied by using a flame 
pllotomctric detector and determining its intensity as a function of the composition 
of an air-hydrogen tlamc and of the concentration of the sulphur compounds. 

The relationship between tile intensity of emission and the amount of sulphur 
in the compound is given by 

iR = i,, (n/l) ‘I 

wllcrc is is the intensity of the emission, M the amount of sulphur and i, ancl 18 are 

constants for a given csperimcntal flame condition. Tile value of $1 varies between 
r.Gg and zoo, depending on tllc flame conditions. 

Tllc variations in the values of i,, ad 91 are discussed by considering reaction 
kinetics. The recombination reaction of sulphur atoms in a flame, which is the ratc- 
determining step, is affcctccl by the esperimental conditions. Therefore, the relation- 
ship lletwecn tllc intensity of the emission and the amount of sulphur-containing 
cort~pou~~cls varies considcrnl~ly with the flow-rate of air and llydrogcn in the burner. 

INTRODUCTION 

Flame plmtometry has been applied in gas chromatography in order to attain 
sclectivc detection of the cluted gas components, by using the flame photometric dc- 
tector (FPD) I-“. The use of tllc 1;PD for the selective detection of phosphorus and 
sulphur compounds was first introducccl in IgGG by BRODY AND CHANEY”. Since that 
time, tllis dctcctor has been used estensively for the determination of residues of 
pllospllorus- alid sulpliur-containing pcsticic1es4Jj, 

Tlie niolccular emission clue to tlic S, spccics from sulpliur compounds is nieasur- 
cd at 394 nm by a I~lloton~ultil~lier tube through an interference filter that transmits 
only in the re,gion of 394 nm. The relationship between the response of the FPD and 
the amount 6f sulphur has been rcportcd 3~“. However, no systematic study has been 
published on tllc characteristics of this detector, 
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The prcscnt work is an attcnipt to clarify tlic cliarnctcristics and mechanism of 
the molecular emission from sulphur compounc~s in tams of the cffcct of some operat- 
ing varinblcs on the rcsponsc of the I;PD. 13~ cons;icleAnE: reaction kinetics, WC can 
csplain the relationship bctwccn the rcsponsc of the WD and the flanic conditions. 

iOLUMN EFFLUENT 

Pig. 1, pliotomctric A, l’l~otomultiplicr tube; 13, optical tiltcr: C, Icnw; 1). quartz 
tube; E, burner; 1;, mirror. 

Fig. 2. Sl~icldccl burner. t\ U, Flow C, wtumtion 13, quartz (rq lnni 
15, burner 

ESPl%RI&IENTAL 

An equipped Iwith Rz6S pllotomultiplier operating at V 
applied and a with ma.simum (32%) at nm with 
half-band width 3.5 nm. dctcctor was with air hydrogen through 

meters, which calibratecl by a soap-bubble meter. The 
WRS connected n. Yanagimoto gas chromatoqrqA1 I). 

The of the emission due the S, from the 
compounds was by the at varying of air hydrogen and 

a wide range of concentrationsof the sulphur compounds. The gas chromatograph 
wns opcrntecl under the following conditions: column, glass tube (3 mm I.D. x 1.5 m) 
packed with 10% of PEG 2031 on Cclitc 545 (So-IOO mesh); column tcrnperature, 
143”; ancl carrier gas, nitrogen at 22 ml/min ancl o.5G atm, 

A shielded burner, shown in Fig. 2, was usecl to obtain the spectra, Hydrogen 
containing the vapour of the sulphur compound nncl air wcrc suppliccl septcratcly to 
the burner. The spcctrn of the llnmes in the burner were detcrmincd with ;I Shimadzu 
SV5oAL spectropliotometcr. 

Dia-butyl sulphide and benzoCb]tlliopllelle of guaranteecl grade were used with- 
out further purification, I3enzo~lrJthiopllene was dissolved in acetone to ~7, conccntra- 
tion of 4*3g7 x IO-~ g/ml for the gas chromatojiraphic experiments. This solution was 
further dilutccl to the concentrntions required for the individual experiments. 
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RESUI.TS AND DISCUSSION 

Pig, 3 sll0ws ;L typical gas c!iron~atograni ol~tainccl at flow-rates of 174 ml/min 
of air and 225 inl/inin of liydrogcn. 

Tlw intensity 01’ tllc molecular cniission, rclxacntecl by peals heights, is given 
in, Tnblc I for various flaiiic conditions and cc~nccntrations of the sullhur cnmpound. 
The concentration of tllc sulpllur ccmq~~unci in a carrier gns at the masirnum of a peak 
is approsimatcly lxoportional to the amount c)f sulpliur compound injected, for a 
small saniplc size. The rcsponsc to the sulphur compouncl of the FPD is, however, 
not lincnrly proportional to tlic concentration of tlic sulpliur conipountl, but the rc- 
lationsliil) bctwecn the intcnwity of tlic cmissioii and tlic concentration can be found 
from the following equation: 

(1) 
where ia is the obscrvccl intensity of the niolccular emission clue to the S, species, 
AI is the weight of sulpliur injected and M, = 2.30’ IO-” g of sulphur. Tlic values of 
.i, and ‘IE are botll constant under given esperimental conclitions. Fig. 4 illustrates the 
rclationshic, bctwccn tllc flotv-rrttcs of air ancl llyclrogcn and the value of the constant 
i,, (a) ant1 ihat of tllc collst;~llt II (11). 
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Fig. ‘1. Rcli~tiMlSllipS l.mt~vcCIl constnnt i, (a) irntl cspmcnt aI (IJ) and floiv-r;rtce of air antI hy- 
clrogcn, S-axis: Iiytlrogcn How-rate (ml/min) : Y-irSiS: air flow-mtc (nil/niin). 

Complete molecular emission spectra of the S, species nrc shown in Fig. 5, 
The flow-rate of llyclrogcn was maintained constant at 60 ml/min, while the flowratc 
of air was variecl bctwccii zoo ancl 200 nil/min. The intensitv of the molecular emis- 
sion decreasccl with increase in tllc ratio of the flow-rates of & to hydrogen in flanges 
containing an escess of osygen, ancl the following factors seem to affect the emissiorl 
intensity: 

(I) the temperature of the flame is too high to allow tlic formation of tlic S, 
specie&‘; 
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Fig. 5, Ikmc omission spxtra of cli-rc-butyl sulphitlc. I-Iytlrogw flO\V-t%LtL!, Go ml/min, Air ilow- 
rrttc: (I) 100 ml/min; (2) 1.75 ml/min: (3) 170 nil/niin; (4) 200 nil/min. 

(2) osygen in tlic lhnc prevents tlic formation of the S, species from the sul- 
phur atom by the competitive reactions: 

s+.~o~-+so (2) 

zs-rs, (3) 

It can be seen from Fig. 5 that tlic dccreasc in the emission intensity is more 
affected by the latter factor than the former. Thcrcforc, no characteristic response 
can be observed in the range of high air-hydrogen flow ratios (Table I). 

In the range of low air-hydrogen flow ratios, a characteristic response of the 
WD can be olxervcd, as shown in Table I. The intensity of’ the emission clecrcased 
with increase in the hydrogen flow-rate at a constant flow-rate of air. Tlic tempera- 
turc of tllc air-hyclrogen flame will decrease as the flow-rate of hydrogen increases. 
The intensity of the molcculnr emission is approximately proportional to the temper- 
ature of the flamel. 

In ;\. very hydrogen-rich flame, H,S will be a dominant constituent of the prod- 
ucts from organic sullhur-contrtining compoundsR. 

Sulfur compound A-> H,S 

The formation of sulpliur atoms is rapiclO: 
(4) 

. 
I-&S + H 2 HS + H, (5) 

HS + H ‘2 S + Hz (6) 
The simplest meclumism involves a rate-determining step that is a three-body rccom- 
bination : 

SfS-j-M-+ h s,* + M 

(where &I is the third body) and which is followed by 

S,* -+ s, + hv 

(7) 

(5) 
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The S2 spccics reacts as follows: 

S, + I-I + H + Sz* + HI! (9) 

S,” e sz + hv (IO) 

The concentration of H,S corresponds with that of the sulpliur compound, 
provided that 1-1,s is produced lxccloniinantly and stoichionwtrically in reaction 4, 

It can be assumed that 
(I) tlic reactctnts distribute uniformly in a cross section 0 ;I flame; 
(2) sulpllur atoms arc rapidly formed in a reaction zone: 
(3) reaction 7 is a rate-determining step. 
The conccntrcztion of sulpliur atoms is given by: 

(11) 

= K [I-1,s-j (14 

The rate of the formation of tlic S, spccics is given by rcttction 7, and then the con- 
centration of S, is 

(13) 

for a reaction time oft SW, wlicrc CC is tlic initial conccntrationof tlic sulpliur compound 
and [&I] the concentration of the thircl I~ocly. Tlic total number of tlic S, species is 
given by 

Nsg = 
AZ! 

4K,[.M] 
(x - In (.u + I)} (14) 

where A is the cross section of ;I fInnic, v tlic velocity of S, rising in ;I flame and 
x = znKk,[M)t* 

Tlic intensity of the emission in reaction Y is 

rsg = [S,] (IS) 

On tllc other hand, the intensity in reaction IO is 

Isz = Nsa (r(i) 

The calculated intensity cm lx comlxwecl with the molcculnr emission intcn- 
sity obscwcd. 

Proviclecl that tlx emission in reaction I0 contributes little to the over-all 
molecular emission of S,, the tllcoretical relationship bctwecn n and Isa is S~IOWII in 
Fig, 6. The exponent ,I! cm hc cnlcul:~tccl 11~ tlw following equation: 

WV3 Isn) = I ; 

‘t = d(log a) 
1 

znz<k,[M]t + I 
(17) 

Fig. 7 shows the variation of ‘11, 'IIIc vrtlue of 11, clccreascs with increase in the conci;~i- 

tration, a, from 2 to I, t. 

Figs. G and 7 indicate tlic following criteria: 
(I) When the air-liyclrogcn flow ratio is constant, an increase in the total llow- 

rate leads to a lower intensity of tlw molecular emission bccnuse the concentration 
of the sulphur compound decreases. 



OF s, ISillISSION INTENSIT5 315 

I 0 b IO 

ax 2Kk4(M)t 
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(2) The value of 0 varies with tiic flame conditions and is inversely propor- 
tional to the intensity of the molecular emission. 

(3) Because of the decrease in the conccntra.tion of the sulphur compound, the 
intensity of S, emission decreases and the value of Ii. becomes larger with increasing 
hydrogen flow-rate. 

These criteria can satisfy tlic effect of sonic operating variables on the intensity 
measured by the I=PD. Consequently, the mechanism of the molecular emission due 
to the Se species from the sulphur compound can be interpreted as follows. Reac- 
tions 4-7 occur in an air-hydrogen flarr~ and reaction 7 is the rate-determining step. 
However, reaction g occurs to only a small extent. Bqn. 15, tllc relationship between 
the intensity of the S, molecular emission and the amount of sulphur compound, there- 
fore provides fairly complex functions of flow-rates of air and hydrogen, and of con- 
ccntration of sulphur-containing compounds. Finally, the response of the PPD is 
shown by this mccllanism to be proportional to about the second power of the amount 
of sulphur compounds, for small sample sizcfO. 




