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SUMMtiY 

. The mechanism of the selective sensitivity of the thermionic ionization detector 
has not previously been elucidated, despite a number of interesting designs and im- 
proved characteristics of thermionic detection techniques. In this paper, a probable 
mechanism of the processes that occur in the detector is proposed. AR explanation is 
given of the generation of signals from phosphorus- or nitrogen-contairping organic 
compounds and a detector with improved characteristics is described. 

The thermionic ionization detector (TID) for the analysis of phosphorus- and 
nitrogen-comaining organic compounds was proposed iu 19W. Since then, various 
deigns of the detector and investigations of its characteristics have been published. 
The_detector has become widely used in c’hromatography, along with katharometer, 
the 3.ame jonization detector @ID) .and the electron-capture detector2, and is com- 
monly employed in the analysis of compounds that contain phosphorus, nitrogen and 
haloge& However, the basic physical principtes of operation of this detector have 
rGot beeti elucidated and the detection mechanism is not yet clear in many respects. 
_ A kieti’ofthe literature oh the TID up to 1970 was published by Brazhnikov 
et aL3. They drew attention to the increasing fields of application of the detector, but 
~pointe$ out a IW&F of contradictory tiEd vague data obtained-with it. In that re- 
view, three possible mechanisms of the processes that occur in the detector were dis- 
cussed, but none of them gave a complete-explanation of its characteristics and its 
l&h sell&iv&y to some compouuds and no conclusion was drawn as to which of these 
mechauisms might be the most hkeiy. 

-. The && mechanism, associated with the phenomena of surface ionization and 
po&@e ffie$mionic emission, is typical of detectors that operate according to the prin- 
‘ciple of a halogen-leak de&etoti. 

The second mecbamsm suggested that when atoms of an alkali metal collide 
~ti&‘E&W,-CHO* tid other ions formed in the Bame, they are easili ionized (the 
_~detitor backgrotid current] ~azd intermediate products pf the reaction of organic 
_ph&ph_&us~~~~taini.uaining compounds @?R,, PO, I333 form -phosphorus ions in the -. 
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T -. The third meciianism sumted was associated withthe phenomenon’ofphoto-- 
evaporation of salt from the stirfaee ofa salt reservoir owing to the:r&li&ion.of ph&- 
tons formed duting the combustion of organophosphofus compounds ins the flame- 

Some work has been car-&d out%imed at obiaini~g..somi’additional &.rar& 
tativi data about the detector. Theresults of tllwork indicated that ffie &ip.prodss 
occurs ia the working region of the flame and not on the s.urfacs of--the salt; the salt. 
serves only as a. store .of alkali metal atoms; and th&~ rate of evaporation:& the &lt : 
from the surface of the salt reservoir is not changed when phospho~s&ntai~ning corn- 
pcunds enter the detector. It was concluded that further development of&e detector 
to establish optimal operating conditions and to. ensure its wide application w& imi 
possible without a thorough understanding of the physical principlesof the operation- 
of the detector. 

Scolni~ attempted to explain the -detection mechanisti on the basis of tests 
on a Sameless ionization detector, which tias called a ‘cheiniionizztion”.detector 
(CID). He came to the conclusion that ionization takes place iu the&& phase&d that 
the presence of hydrogen has nothing to do withthe operation of the dete&or (the 
processes in which hydrogen participates do Got play. the majoi role in the. detection 
mechauism). The results showed unambig!!ousiy that the ioniz&on current depends 
on the concentration of alkali metal vapour. 

Consideration of the operation of the Pye U&am three-electrode detector’ 
and the Perkin-Eimer detector with a salt ball at a negative potential8 has made it 
possible to conclude that the zones of the signal formation from organic solvents and 
from phosphoruscontaining compounds are spatially separated and the zone of the 
‘formation of the latter is near the collector electrode. Some detector desi&ns.have been 
described in which the alkali metal salt wasnot in. the flame region and was evaporated 
with the aid. of addition@ heating9 or was injected in the flame &s an aerosolzO. 

For these detectors, the dependence of the. detector background current and 
sensitivity on the flow-rate of hydrogen is smaller. In addition, the insertion -of the 
coliector electrode into the hotter.flame zone reduced the sensitivity of the’detector 
to phosphorus-containing compounds. 

~evEW” explained the TID mechanism and difIerent anowes in -the oper& 
tion of the detector using data from previous publications. EIe ascertained &at heat 
energy is the source of ionization, and that the measured signal current is generated. 
by, a number-of processes, the greatest contribntion &$ng .made by. the ionizatiori of 
atoms of the alkali metal. &zv%k’s opinion was that the detection me&ani& is.as- 
so&ted with the f&mation of specific compounds that contain heteroatoms. In this 
paper, we suggest a mechanism of TID operation based .on theassumption thai near 
the swfac% of the collector electrode,’ aerosol salt particles are fotiedwmeh are ‘in 
equilibrium-with the vapours of salts of -aikali metals that stiound them. :I . . -.- :. 

DETECTION MECHANXSM ., .- -: : 

With the -tim of achieving a proper unde&n&ing of the. I&c&& -that .ocCur 
in *&e flam& while detecting compotinds that-cS,&-heteroatoms (P &.3, it is *e&G 
sary to consider two .m&n problems: energy .aspe& .of. flame ion&&ion and .‘tbe _ ._. . .m I :. : 
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xkchairikn of ion formatgon. Numerous experkientd d&a from the Eterature and 
those obtained by ourselves show that esscnt& processes in the TID do not occur on 
thd s&t surface but in the vohrme of the flame, where ffie reaction of the vapours of 
aik&&meta~salts with hydrogen is thermodynamically possxble, resulting in the for- 
mation of a&ah metal atoms, e.g.: 

CsBr+HZCstHB. U) 

The following discussion concerns the case when the salt CsBr is used in the 
TiD. However, it is app!icabIe to any other alkali metal salt when analyzing phos- 
phorus- and nitrogen-containing compounds. 

As the temperature near the surface of the collector electrode decreases sharply 
(Fig. la), the formation of aerosol a&ah metal particles may occur in this zone. The 
atoms of Cs form ions and electrons due to ionization in the hydrogen flame. Although 
the.ionization potential of Cs is 3.88 eV (which exceeds the energy of the hydrogen 
&me in the presence of the alkali metal salt), Cs ions can be formed by.means of the 
following mechanism. The Cs atoms excited in the flame during the transition from 
the excited state into the ground state emit y quanta: 

C.s*+Csihv (2) 

When the number of Cs atoms is sticient, y quanta are absorbed by other Cs atoms 
f and the number of the excited atoms in the hydrogen flame does not decrease because 
of light emission”_ Cs ions are formed as a result of the collisions of the excited atoms 
of Cs with other atoms: 

Cs* -3 Cs+ +- e- 0) 

One can assert that the main component of the background current of the de- 
tector is due to thermoemission of the aerosols near the surface of the collector 
electrode -use they absorb the radiant energy of the Same. The work function of 
the electron for Cs aerosol particles is 1.8 eV (the characteristic minimum of the work 
function is approximately 1.4 eV’). However, in the Same zone rich in oxygen, Cs 
atoms are oxidized, forming Cs,U, and in the aerosol zone near the coliector electrode 
the formation of aerosol particles consisting of a mixture of Cs and Cs@ is possible. 
These particles have a work function of 0.7-M eV (ref. 12). Taking into account that 
the amount of the radiant energy of the fi ame released as radiation can reach 20 %I3 
and taking into consideration the small work function of the particles (Cs and Cs,O), 
one can assume that the main contribution to the background current of the detector 
is made by the thermoemission of aerosol particles of Cs and CsZO formed. 

Hence the TID background current is caused by a thermaf ionization mccha- 
nism. The appearance of the useful TED signal when organic compounds that contain 
phdsphsrus or~nitrogen enter the flame can be explained when one takes into ac- 
count the following facts: 

_ (I) The a@li metal s&s are active inhibitors of combustion’“. 
(2) Among the products of the combnstion of phosphorus- or nitrogen- 

containing organic compounds in the game, heavy ions are-formed whose mobility 
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ii +Eci&kt; -ii r&&I&g &roigs -of: phoS- ;. 
pkoim-. +d. &~ogG&&&in~-b~g~c~ com@unds in the- #&B~‘.&ccI$ ~r&nhi+ : 
in &for&tion-of hydrotibon radic$P.‘~~ : .: : : .-- -:.- :.,..; ..:;~ -_ 

_ .‘I& $l.l@i metal salps present in then fl&ne substantially .reduce its tempei+re. 
The kflkiency- of ioni+ion~ of $l@i metal salt vapours &+i&n~~i-r3).~d thernx+ 
emission ofaeroscl @t&s -depend on the fI~.me:-temj&+re that:? established. 1.. 

When phosphorus- 0;; nitrogencon+ining qrgan& bompij-unds en+ tke Bame : 
in oxGuxti&~ -with he&y ion formation, the- concentr&ion ofthe-alkali mete-s+ &- 
the. flame is &it&d and the inkibiting effect of &e-&a-It is als6:~redu@d@ke,teinper-~ 
ak-tie of -the flame increases). The flame temp&&ure increases : ha&y *use of the 
combustion of hydrocarbon r&i+& formed. The~increase in~the:~fEame.tem&Sure 
leads to an~increasein the eEdiency of the’ionimticux of Cs atoms; to an inenzase in 
thermo-emission ofaeroso: part&s and hence to the apvceof the useful signal 
of the detector. 

-- 

DES&IFTION OF T&.D,+aOR 
. 

: 

Examination of different designs of detectors gave resul& .shovGng that the 
sensitivity of a TID -to an organophosphorus compound varies inversely with its 
sensitivity to hydrocarbons. This made it possible to draw con&rsions about different 
c&niitions for-the foiiliation of the detector signal from pho$horus-containing or: 
ganic compounds and from hydrocarbons. In Fig. I, the relationships be&v&n the 
height of a hydrogen ff ame and its temperature and between the.fIame and ion &no-en- .’ 

(0) \ 
I ? TiD 
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;_. .--. ~. .‘... -. ;.,.:: 

.._.:: 

~‘~+i&& &+ _i&& for -&:.$&..(a) if”d &.+ @rS5_ $&& &..&Bfiips- p&d 
_~_s~-&w;y&& =::‘. :._: -- _---. ._, _-. -: -. _., ,:I .- .. 

_.. ; ‘: _I__- ,(J) %h~~-~&x&&zre of the hydroien flame without ti alkali metal salt -is 
$+staz&&+.i~h~r.- : -. . . . : : .: : _ ‘. 

(2)S+e i-elationships .betw+d_the-height of the flame and the ion concentration : . 
ajild‘the flame te&p&&ure .a& diff&etit for ihe p&e hydr&en ff ame and the frame with 
-&e &lkA@metal @.it&hic& is i&c&ye of a non-thermal nature of ionization in the 
nfi. ._ : -.. .-I_ -. -_~ T.- 

: ‘- -~‘(3),~&e~&&Sshi~ between the height of the ffame and the ion concentration 
_ a& thk .&me tetipera&efoi..the TID are similar and the maxima of the curves ai- 
m& coincide, This is &d&the of the thermal nature of ionizSriczro in the TED. 

: $3) .mt+ lzones of the maximum useful signal for hy&x - ‘, .ms phosphorus- 
OF +l%~Q~Ontaining OF@liC cOtipounds are spatii#Iy Se$~=i i. me maximum 
ion-conc&tr@ioti in the m at a given gas fiow-rate and cross-~+ : -.:I: of the burner 
tioz&is r&h4 at a distal& of about 1 mm from the end of the L~;;er. ?n the TLD, 
the maximum ion concentration under the same conditions is at a h::ight of 3-4 mm 
fro&- the end of the b&er_ 

Taking the above conclusions i&o consideration, it appears possible to design 
a Q&y promising detectorl’. The drawback of TID designs considered so far is a strong 
dependenti of the backgrout+ current. and sensi&ity .on the stability of the gas 
flOw+ates applied, which can: be explained by the mechanism suggested above, as the 
changes in gas flow-rates result in Changes iti-the &me temperature. 

The.detector design shotin in Fig. 2 WE& developed ailowing for the necessity 
of.se&u&ing the zonk-of the different measuring signals and decreasing the depen- 
dznce~of detector readings upon the gas Bowkates (hydrogen, nitrogen, air). In this 
d&e&i- de&n, the tip, made of an alkali metal salt, is placed in the tollector elec- 
trod& The ‘distake betwecti tfie burner and the collect& electrode is about 3 mm. In 
$q&&ly published detector d@gns3, the distance between the burner and the col- 

Ilectof &&ode differs from that chosen here. The potential .electrode is made in the 
shapk of s ring covqred by a pkinum mesh and is f-ted about $ mti away from the 

. 

e; 2, Cs salt .tip; .3, measuring resistance; 
&Z&e of signal fom3ation fmm co* 

.formation f”m hydrocarbons. 
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16 -10 20 22 24 26 28 .x). 32 
Gai flow-rate, mr/min 

Fig, 3. Rek&&i~ behveeh TiD sen&ivity and hydrogen Bow-rate wit& constant air snd nitrogen 
%ciw-g&s.. 

-- 1 Et-&m b&&n in Fig- 3 that over a &tain range the detector sensitivity is in- 
’ depe$&+&t ;jf tk& kyd&%gen B&w-rate; this e&et is associated witk the insertion of tke 

~- mesIi:k& .tke ffaine zbne. Tkk dependqxe of sensitivity on the flow-rates of air (Fig. 
.+).+I @ie c+ier ,& (nitrogen)~(Fig. 5J.i~ not appreciable and is suck tk& ordinary 
sJistims of ~stab&i&g.gas ffow&&s .&i6w the detector to be used witk maximum 
sensiti&y., me ~background current of the: detector is about IO-” A. The ck&ter- 
istics of the det?tGr ati presated in Ttible Z in whibk, for the &e of comparison, the 
cb&h of other currently m&m&ctured TIDs are given. 

j ! Tke &&e&or & si&ple in design and has a mintium jimit of detection for tietk- 
y’para”zio~~ bf. I‘- Ici-” .&e6; plrlrich is reliably attained when the detector is used in 

-. 

. . . . 1sc- .16(3~..170 190 y?I3-. :. -- -. : 14 16 
~:Ga~~-fiow-~aL~, m3~rnur -.. 1s. 20. 22 

Gas tkr4~-mte,. ml/min 

Fs 4.. I$$&&$~ ~~S&.G&ity an&& ff ~w&+ with cmsht by&&n znd nitrqgen 
-: %+I?-&& ;I :: ; y - 
: 
;Fii 3~~&&c&&ip .&we& .m sqrjitivity‘+@ t&e f&&r gaS @ii&eti~ -ilow-rate wit& constant 

::. ;iir&.&~&&~flow-ratls. .::-. . . 
..--Y-.. ~.. . . . . . i _. : .-- .-- : ., . . _ .- : . _- . . . . . 

,.- : ._-- . . . . . ----;... .:. -... ~._ I<. : 
.- 



Fig. 6. Chromatogmm of a pesticide obtained on a Gasochrom 11063 chmtiogmph. Pea&s: 
1, rr-3-e; 2, methaphos (methylparathion), 2- 10m6 mgiml. Column temperature, 21O’C; detector, 
25O’C; iajedor, 2tX”C. Colnmc length, 1.5 m; I.D., 3 mm; 5 GA SE-30 on Cbromzton (0.2-0.3 mm). 
Detector VOltage, -300 V. Salt, CSBi. Sample .Sii+ 1 .Ul. 

conjunction with chromatopphic apparatus cnrrently manufactured in &e U.S.S.R. 
At present the detector is mounted on commercial chronato~phs andI has been 
approved by the ustrs. Ln Fig. 6-a chromatogram of pesticides obtained by means of 
the device is shown. 
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