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GAS CHROMATOGRAPHY OF NITROGEN- AND PHQSPHORUS-CON- 
TAIWKNG COMPOUNDS 

A NEW, HIGH-SENSITIVITY, VARSABLE SELECTIVITY DETECTOR* 

SUMMARY 

Gas chromatographic anafysis of nitrogenous and phosphorated compoirnds is 

simpflfied by the use of thermionrc detectors which respond selectively to these sorb- 
StaIlCXS. 

The rwx detector described Eere works on the principle of thermionic detec- 
tion, showmg high sensitivity and marked selectivity towards phosphorus and nitrogen 
containmg mokcufes, and discriminating wetl between them. The selectivity factor 
between the two heteroatoms may be varied by changing the geometrical arrangemenr 
of the electrodes. The detector fends itself to nrrmerous applrcztions, one particulzrfy 
interesting fiefd being the determination of inorganic compounds contaking nitrogen 
and phosphorus. 

En I964 Karmen and Gmf&idal” demonstrated that the conventional flame 
ionization detector (FID) shows much grezter sensitivity to organic compounds 
containing phosphorus or hafoens if the flame is doped v&h sodium salt uapours. 
A speck4 sodium tbermionic detector ~2s built, in wbicb a ring electrode, coated with 
motten sodium suIphate, was placed araund the flame. These detectors. kuawn as 
therniooic, a&z&fiame, etc., were immediately put to use to determine phosphorated 
and chlorinated pesticide traces. 

Later investigations inro the selective behaviorrr of this derection system, de- 
pending on the type of alkali me& s&s used, showed that the detector response 
cotid be e&axed towards other heteroatoms such as nitrogen, arsenic’ and sulphaP_ 
The chemico-physrczl mechanism by wbicb this is achieved is srili not zLtogetber 
ciear. Efoweveer, from the point of view of gas chromatography applications, the 
thermZonic defector is of great interest in soking analytical problems reqtiring maxi- 
mum sensitivity and sekctivity. The detector response is enh.znced for organic phos-. 

* Presented at rhe 5th So~xeHcafian Chromatography Symposium. Tallinrz, Apnl 22-25. 1975. 
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phoius- znd nitrogen-containing substances, and is therefore extremely use-&I for 
buth research and rontize analysis. It may be applied metin&iSy for the determina- 
tion of pesticide residrres, either phosphorated or nitrogenous, herbicides. or in the 
fields of toxicolo,ay, forenec medicine, pharmacology, etc., or wherever high sensitivity 
am?. selectivity are required and the actrve components are almost akvays nitrogeenous. 

The analysis of phosphor.Js-contaitirr g substices does not represent a big 
problem, since rhe thermiotic detector is especially sensitivt: to this element: analysis 
of nitrogen compounds is slightly more complicated, because it c&k for an optimisa- 
tion of operative parameters, providia g some diEcuky in ensuring a controHed, re- 
peatE&le, and specific response coupled to 8 high sensitivity_ 

The detection system is, however, simple, and is suitabk for a broad range of 
applicatrons, thus expfafrring the interesr it has woused over the last 10 years. Nu- 

zerous detectors hzve beer, produced, wiEh wide@ varying geometry, singie or double 
Barnes, and different aikafi metal salts. The commercially avaiIabIe thermionic detec- 
tors for phosphorus and nitrogen oEer many original feztures, but not at1 are equipped 
to exploit fully this detection prkciple, and may suffer some analytical limitations. 

The detector is designed to ecsure that alE the thermionk detection opera&e 
parameters are independent and easily controlled. A schematic diagram of the NPSD 
is shown in Fig. 1. The alkali source, the heart of the ther,mionic detector, is a potas- 
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sium chloride pellet, This par&&r salt has beez chosen for the following reasons: 
it requires a Iow hldrogen flow-rate, suppresses the response to halogenated com- 
pounds, gives an enhanced response to phosphorus, and works equally well with 
nitrogenous compounds. The atkaIi source can be shifted over the flame to give the 
maximum ionization current, or Ioweered beneath the Asme &owing typica FID 
operations. The polarization electrode is aIso movable and c2n be shifted verticafiy 
to alter the electric field in which the compIex ions generated by the detection mecha- 
nism are coIlected, thus considerably increasing the anaiytical range of the detector. 
The hydrogen flow-rate is adjusted by the pressure reducers already mounted on the 
_as chromatograph. 

The alkaii source having beeE positioned to give maximum electrical conduc- 
tivity of the ff ame, the s”&nding current can be reduced as shown in Fig. 2 by adjusting 
the position of the polarization erectrode. Detector sensitivities (signal-to-noise ratios) 
for the nitrogen and phosphorus operation modes are achieved from drfferent standrng 
current ievels. En the right conditions, the charges producing the standing current 
cause a miniMUm of interference, and the ions formed can be collected “cfeanIy”. The 
results of a trial with the NPSD appear to be in agreement with the mechanism sug- 
gested by CremeP whereby complex ions of increased and diEerenc Iifetimes are 

Fig. 2. Stu?diig crzrrent patterns fcllowing upwar& displacetlent of the polarization electrode. 
F&I Line: optmumsensitwity range. Eiydrcgeen flow-rate: & 39 rnI/rmn; @I, 36 m!!nin: x ,30 mEjn;in. 
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formed by interaction between alkali ions and ionized or neutral radicals containing 
heteroatoms. 

_AItering the sometry of the electricaf field7 by shifting the poIarization etec- 
trade, the charges cab be collected more selectively either for phosphorus or for ni- 
trogen. Moving the electrode towards the fkme. and increasing the standing current, 
gives a better phosphorus/nitrogen (P/NJ signal ratio, v&k if the ekctrode is moved 
away from the flame, the standing current drops and the P/X sign& ratia improves 
in favour of nitrogen. 

To underhne the detector’s abiiie to be sefective for one or other of these two 
heteroatoms, a soIutiorr corttaimng nitrogeen and phosphorus compounds, and diethyl 
phthalate as organic reference substance, RG analysed with the detector in four dif- 
ferent modes. Fig. 3 shows the chromato,ms obtained with a 2 m glass coknn of 
5% OV-l on Gas Chrom Q at 210’ using nitrogen as carrier gas, and demonstrates 
the possrbifity of changing the seIectivity ratio towards either rritrogenous or phos- 
phorated compounds. To obtain the FID tracing. the potassium chloride pehet was 
lowered beneath the ff ame. 

The optimum hydrogen Bow-rate depends on the carrier gas type: using he& 
urn, the hydrogen flow-rate should be set at Z-30 ml/mm, and at 35-N ml/mm when 
nitrogen is used (with the carrier gas flow-rate in the range 40-S mI/miu). 

The detector behaves quite differently with uitrogea and helium. This elect 
sppeares to be related to the di&erent thermal conductivities of helium and nitrogeen 
which changes the environment& conditions of the Same (temperature and ion con- 
centration). Using hebum, the sefectivitJ_ ratio against carbon is about 100 times 
greater for phosphorus and IO times greater for nitrogen; sensitivity. in terms of 
minimum detectable amount, is increased about ten-fold for phosphorated com- 
pounds while being slightly decrezed for nitrogen-containing compounds (Fig. d)_ 

Compared to the convemionai FID, the NPSD offers iinproved sensitivity, 
ran-&g from 50 to 100 times for nitrogen substances, and from 5000 to 1000 times for 
phosphorated substances, according to ffie amount of nitrogen and phosphorus in the 
mokcde. Table I glues the detectioo limit for some nitrogen- arLd phosphorus- 
containing compounds. 

It is to be noticed that the detector gives the best absolute sensitivity for 
phosphorated compounds: as shown in Fig. 5, parathion and maIathion cau be de- 
tected easily in quantities below lWLz g_ IO vie=iv of this extreme sensitivity to phos- 
phorus, am&ticaI techniques might be developed involving the formation of phos- 
phorated derivative$“q allowing determination of traces of organic substances 
which would otherwise not be detectable. The setectivity of response to carbon varies 
from IO’ for nitrogen compounds and IO4 for phosphorated substzmces, the selectivity 
bemg moveeble, as already described, towards phosphorus or nitrogen, just by raising 
or lowering the electrode over the frame. 

It is interesting to note that in case of substinces containing both phosphoru2 



and nitrogen, such as dizzmon (2X = 9.20%: iP = tG.Lg%) the detector responds 
as if only phosphoms were in the moiecuie. The detector behauiour is similar &hen 
compom&s contaitin~ only titrogen and those containing only phosphorus emerge 
frxn the cotumn with the same reteerrtion tmse. 

Also, for snbstances conr&Xng phosphorus and chlorine, stlch as romeI (3 
Ct = 33.08~;; IP = 9.63 %)I the detector is phosphoms-sensitive. On the other hand, 
compounds con’kning only chlorine do cot respond. or @fz negative peaks, if farge 
amorrnts are present. 

73C preSxxe of phosphorus is therefore _ p ~fikient to identify the mofecufe as 
piosphorated, regardless of whether other detectabk hgeroatoms are ako present. 
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acetone extracr of coffee powder treated wi+& magnesrum oxide in comparison ~iith 
the FID chromatogramr which here appears absolutely inadequate for qaantitatile 
pnrposes. 

Using the NPSD and FID mounted in par&5 at the cofumn outlet, quakzative 
and qumtitative results can be immediately obtiained from bio&i& extracts. The 
nitrogenous substances can be identified by simply comparing the two chromato- 
grams, and determined quantitative& wi:h a sensitivity roughly in agreement witi the 
nitrogen c5nbxk Fig. 9 shows au exam& of a barbiturate (veronaI) analysis extracted 
fram organic material and chromatographed wirhout any special ‘Wean-up”. A 2 m 
column of 3 “/, CW-f 7 on SO-100 mesh Gas Chrom Q was used, u ith a temperature 
program ofY/min from 160 to 280”. Compared to the FID, the NPSD chromatogram 
is extremely clean, and baseline drift due to the temperature program is almost totally 
absent. 

Fig. 8. Meme resrdue k a aater+xetone extrzct of decsfTeinated coffee chromatographed wrth 
NPSD and FED mounted in pa&M. 

The performance of the detector with inorganic compounds containin,o phos- 
phorus of nitrogen has been ako investigated. Fi g. IO shows traces of PCL, in dIethy 
ether, and Fig_ L I and 12 show the analysis of N20 in nitrogen and NH, in an aqueous 
solution. The detector sensitivity towards these substances, which contain no ionizable 
carbon, is good -in any case much better than a thermal conductkity detector. This 
coofirms that the detection mechanism is not the same as in a conventiona flame 
ioniz&~~ detector. where the response depends on the formation of ions as a resuft 
of carbon oxidation. It might be interesting to go into this question further, analysing 
diserezft inorganic substances and assessing detector efiiciency, both with regard to 
semrti\ity and Enearity of response. 
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Fig_ If _ Detection of X20 in nitrogen. Column: 2 m x 3.5 - I.D., 8%1@3 me& Chrornosorb 102: 
column tempeimature: 50”; sampIe mjected; 2 ml. 

Frg. 12. Determination of NH3 in aqueous solution. Coh~mn: 2 m x 3.5 mm I.D.. 8tE-IQ0 me& 
Chromosorb 103: column fempeE^ctuie: EW. 

Conclusions 

The new nitrogen-phosphorus detector described in this paper has significant 
advantzges in terms of sensitivity, selectiviFq 2nd versatility. The detector’s capability 
of distinguishing mole&es containing nitrogen from those containing phosphorus, 
and detecting them in extremely small amounts, is expected to be useful in solving 
many aoaiytical probIems. The NPSD possibilities for detecting inorgsenrc substances 
ontaining nitrogen or phosphorus are of particular interest, as they demonstrate the 
high versatility of the detector. 


