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The c¢nsenticel feaeture of icriration methods basad upon
the use of matter in its plaosma-like state is the fact that
during physicochanical onalysis of the sir, are trancformed
into deterninntle gascous jons which can thon boe identificed
and meosurcd by electronic coenputers, Corcintrations of
ions and =maell ion curcenis aro widely debleoerni’n-d in modern
instrument-building, &nd colculations are even Poing cenducted
of separate ions. r!onizalion methao’-<; thanks to the vce of
appropriatc radioclectronic ris <

1

i

i, hove consis o orle advantages
over the usuul nreans of chermicel analyois,  They ascure
uniformity and precision of woasuccont, rapidity o7 determi-
nation and autonstic regicirabtion of the resalts receivad.

-

In reccarch con the atmosphere, tho bhasic physicochemical
parancters of the alr: 1its couwpouition, density &nd humidity,
and atmospheric pressure, are heing rost preciscly cstablished
with the aid of jonizetion methods, and chovt 30 various
meteorological elements are beiny studied (i15.T. DHITRIYEV).
These methods are heing used widely in scientific work and
technology (Cadle), In connoction with their forthceoming
widespreod intraduction into sanitary-hygienic practice in
the not-too-distant future, it will not be without interest
to examine the theoretical bases of, Lo cuaduct appropricte
exporiments on, and to note the vraspects {fior, the use of
ionization metheds in uncovering atnmcspheric inputiciecs.

The most natural subdivisiorn of iconizalion mothods is
pcrheps Lhe one prought atout by the encrgy level of ionli-
zation end the meons of gaseous lon formetion., In particular,
the follewing methods are of intcrest for almosphceric chemictry:
The therroionizetion, photoionization, electric discharge,
radioactive ionization, aryen-ionization, elcecltron-capiure,
and the rawss-spoctronetric wethods, The peculiarity of the
thernoionization nethoed is the fect thalt the ionizalion of
gasses is condurted theoermically, by moens of heating. The
flam=-ionization mrthod, in vhich thernel jonizetion takes
place in & hydroaen tlame, 1o the one thet has received most
ridespread distribution in practice. Tenporature of the
hydrogen flame docs not excaond 2,200¢, which corresponds
to &n icnization encrgy levilenf 0.2 ev. A thernionic method
is also uscd £ chomical analysis, in vhich therwsl jonivo-
tion is accomplishcd on a surfacc, for eramploe, in evanorating
ions of lithiwn. The tewpevature of surfacce ionizution ins
about 700° which correspords to a lovel of ionizssetion of
only 0.1 cv.
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In the photcionization method, icnization of the
molecules is cerried out by optical radiation. Since the
threshhold of ultraviolel radiation is taken as cqual to
10 mm., the level of photoionization thus amounts to 125 ev,
which considerably exceeds the potentials of molecule
jonization (<24 ev). In photoionization within the visible
spectrum (above 4,000 A) the lavel of ionization amounts to
3.1 ev., which is insufficient for obtaining the requisite
high concentrations of ions., With the use of quartz dis-
charging lamps, the level of ionization amounts to 7 e.v.
(over 1,800 A), which permits determination of only multi-
atomic molecules. The use of the photoionization method,
which requires powcrful sources of optical radiation, is
fraught with exparimental difficulties. The electric-discharge
method is one in which ionization of molecules is attained
by means of the energy of an electric field. Due to the
prcverties of the spontaneous gaseous discharges uvtilized
in this method (silence, decaying, crowning and high-
frequency), the level of ionization which the electrons
(in the main) and ions produce ecxceeds by only scveral
electron-volts the potential of ionization of the gasscs
in the discharge interval, i.e., amounts to 15-25 ev.

The radioactive ionization method, as it is called, is
one in which the ionization of molecules is accomplished by
means of ionizing radiation -~ o~ and 8 particles. With a
constant environmant of yas, tempcrature, and pressure in
the ionization chamber, the current passing through it is
also kept constant. If there are impuritics in the air, then
due to the difference in probabilities of jonization the
stream of ions in the ionization chamber is essentially
changed. The level of ionization is determined by thc
energy of radioactive radiation and considerably exceeds
the energy of icnization of the molecule. In the argen-
ionization mcthod ionization of the molecule is carried out
by the agitated organ atoms. The agitated atoms of argon
will be forrned under the action of radioactive radiation
sonewhat earlier than argon together with the components
to be determined, and will fa?l into the area of a measurable
ion stream. If there are forciagn molecules present in the
agitated argon, then the excitetion encrgy is transferrcd
into kinctic cnergy of the adnixture's valent clectrons, as
a result of which they undergo joniralion (in collisions of
the seccnd kind os distinct from collisions of those of the
first kind in the radicactive ionization mzthod, in which
the ionization is accomplished by means of the kinetic
energy of fari porticles). Becausn the excitation energy
of argon atoms 1is 11.6 ev., molecules vwhose excitation
energy c¢xcccd this velue will not form ions and, consequently,
are detrromined according to the change in the ion stream.
Thus the level of ionizition with the arqon-ionization mathod
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is 11.GC ¢v. Helium may be used instead of argon: the level

of jonization by agitoted ateoms in this casce is considerably

grecater, which permits anelysis of any kind of malter except

neon.  However, the sonsitivily of the method is considerably
reduced with this,

The cssence of thoe eleactron-capture mcthod consists in
the fact that the molecules of impuritics ere ionized by
the capture of clectrons end are lransformed into negative
ions. The procecos of eleciron caplture (adhesion) itself
requires miniral ensrgics---c¢hout 0.1 e.v., however, it is
impossible to deternine impurities by this metheod without
ionization of the basic carrier-gas, which serves as the
source oi free clectrons. TIonirzation is usually cerried
out by radiocctive radiation of greal en:rgy, excecding the
ionization energy of the nolecule. And finally, in the
masc-spoctronotric method, ionization is usuelly carricd
out by elecltrons accclerated in an elcctric field. Radio-
active radiations end elcctiric discharges also are used for
ionization. The peculiariiy of this nmnethod is that the
ions arc divided according to thelr messos; this tremendously
sirplifies idontification of the impuriiies under investiga-
tion, Division of the ions of various compoimds is achieved
in electric, as well as magnetic ficelds. Becauss of the
capability of calculating scparate iont of verious rass
nurbcrs, this method is the most sensitive cone,

The compnrative chearacleristics of the various ioniza-
tion rothods are given in the teble. The thermo jonization
method has suffiicicntly high sensitivity, but permmits analysis
only of organic nmolccules. The pholoioni: ~tion methnds have
higher sencitivity, but duc to practical diificulties are
suitahle only for pultiatonic molecules with low jonizotion
polontial.  The sensifivity of deternining vy this method,
the oxygoen and haloid-containing compounds, which hindor

THCS O CF TQINZALION FETHODS

CHARZLCTE

Degree of =Level of Max sensi- Compounds  Required

ionization ionizat-~ tiviiy(in ihat can Vol Air
(in % ion in ev MKG) be deter—  (in Ci2)
mined - P T
- - ~T 10-% 10
Thermoionization 1--3 10’3 0.1-0.7? 10-¢ Orgonic™ 10 1G0T
Photoionization 0.05 7-125 10-7 Multi-atonic 1 160
electric-dischargce 0.5 16-50 10-8 any 0.1 10
argon-ionization 1.5 11.6 10—/ Balti-ztonic 16¢
clectron-casters 2-4 as 1078 Oy ogrn-and 0.1 ¢
Haloid—-con-
taining
Moaoe S}/f,(_‘LL'\'JXIL’.:t.l'jC 0.1 1-700 <lU"‘8 any <0.1 <1
-3 .
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ions from collecting, is 103 - 104 times lower. The electric-

discharge method has high sensitivity, including sensitivity
tceward organic compounds as woll, and is suitable for de-
termining any gaseous compounds. But it is not very satisfacltory
becauv:e of the instability of the discharge processecs and
instability of the ionization thus being created. The radio-
active ionization method is suitable for deternmining all
compoundcs without exception, but has relatively lower sensi-
tivity in comparison with other ionizaticn ma2thcods. The
argon-ionizcliion rethod heas good sensitivity (due to the

high degree of ionization), but permits analysics only of
multiatomic compjounds (whose ionization enecrgy are below

11.6 e¢.v.). The electron--capture method has high sensitivity,
but is suitable only for oxygen and haloid-containing
compounds and certain other matcrials which have polar-
functional groups in their mekeoup. The mess-spectroretric
method is the most universzal, although it is also the most
complex (relatively bulky apmxratuu is required, and a vecuun
is needed for the instruwents Lo operate).

As is apparent fronn the taeble, the maximal sensitivity
of the ionization methods, depending upon the level and
degree of the means of ionization, amounis to 10-% ~ 10-6 nlg.,
i.e., more then 10° - 106 tipems higher Lthen the sensitivity
of the photo colorimetric, lwr)gr‘ynic and spociral methods,
and morce than 1010 tires hlguﬁr than th~ scnsitivity of
chemical methods of weight and volun: eénalysis. 0F othie
physico-chemical methods, only the radioactivation melhod
(in which the materials to be deternmined are transformed inin
traceable rodiocactive molecules) is compoerable in sensitivitly
to the ionization methods, or cven exceeds then.

It is appovent fiom the teble, morecvir, thal the sensi-
tivity of the ionization mztheds grows with the increasc in
deqree of lonization of the molwucules to be deteriined
(wvhich on the whole iz conditioncd by the meork of ion for-
mations). With an incrcace in the level of ionitzation up to
the velues of ionization encryy of the molecules (10--20 e v.),
the censitivity of the method is alco increared. In view
of its h‘rn sensitivity, @ considerahle degree of ionization
is not COﬂpulsory for the mass-spectronctric method.

Concentrations of atmosphoric ifrnmurities of akout 104
m3/m3 are assuicd to be the wminimal 1inmit of thosc workcd
out by Sovici nygienists. As is appoerent from the teble,
alr samples of only 1-10 cn? in all, are n» cessary for .
determining impurities in such concentrations, i.e., the usual
rmedicel syringes can be used.  VWith concenilrations of 10-¢ Lj/hi
(1% of the cctablished winimal PDK), which also must he
measvred in order Lo contrel the clo nlinsans of the airn,
sanple volwes which do net excerd one 1 (i.e,, a Vvolune




vhich can be put into the instrumcent entircly) are nceded
for the analy;is. This indicatces that, with the aid of the
ionization melheds, aiv can ¢ put dircclly into the
instrunent withou

Thus, all of the Jjonizabion m-thods of physicochemical
analysis examined above can b uscd cuccassfully for de-
termining alnocphoric inpuritien, As examples, several
chronateograms and masc-specirojriss (registers of peaks in
relation (o cimes) are given in figures 1 and 2. Figure la
shows the dependonce of voltzge (preportional to the
1on141ng cu)rcnt, registercd by nrann of a recorder) when
using the argon--ieniration nothod, end in fig. lé--the sanme
when the therwolonizstion methon is usced (chromatograms).
Before puotling the szuple we have detleriined into the

ionizing instrumcnt, it is pazssed through a gaes-chromatogrephic

colunn of 5 mm in dlanctor which is flllcd with an adsorbent-

carricr,

In the cuse of determining
(sre fig. la) with a suv-plus of is
filled with a silicon lubricaont 3% on inzenskiy brick). As
indicated on the diagren, isooctanr (firct peak) hegan to
enter the area of ionizetilon williin 1 nir after the oamplc
entered the celuwn, bul lead tetrecihyl--in the Yth ninut

vre of lead tetreethyl

mixi
ooctione the colunn was

A;.u. m

In the casce of delermining totrehydr ofuren (sce {
with a surplus of oxygen, the coluwn wes £illed with d
phthalate (257 on Inzcnskiy brick). As indicalcd on the
diegramr, oxygen (first prak) begon to eonter the arca of

ionization (hydrcosen flaice) wlthin 20 sec. after entering
the gascouan riviure. -

ig.
ibu

iyl

Tetrunynro uran catored the arcea of ioniraltion in the
6th rminut~ (Lthe oxyoon Fgu“ in thiv d1¢n“nn is nogalive,
because its moloculo s did rol increcse but decroassd Lhe
valuz of the donitation current. Tn th: figure it is shoun
above the line for convenlence of grephic illusiration.

-

A mass--cpocltrogran of
in reletion Lo Yis,
zation cuv-reni) ic s

pecaks Tor ecctlal

rroporticennl Lo the value of the ioni-
shoan in fig. 2. Obiaincd with this wore

and m"nifroth'U"b’nuU““ On the ross spoctrogras the poaks
are obicined in the increasing order of molecular waight

(the first Figure in parcilhoces), iherciore th: materials
with the s021) mass numtors zoo wrilien first on {he tape.

Becouns pollubtion of the air took plece es & rosult of
the procecs of evaperetion (the conond ficure in paronthosecs
correnionds to Lthe hoid e tarperature of the raterial at

4
11
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it first beiry enpiched with ether compounds,

16)

polluted @ir (register of voltage,

Wyz y @cctone, crotenic aldalivde, tetraehydro-
furan, hexone, dicxans, heptone, nitrobsnzenc, 4d-chlorocarbaon
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atmospheric pressurce), acetaldchyde was detected in the greatest
quaniity. Jts concentration, roughly equal to 0.05 mg/e, we
took as 100. The concentrations of the remaining materials
were considerably lowcr (third figure in parcntheses). The
mass-spectronetric method enables us to identify atmospheric
impurities (according to mass numbers) and simultaneously

to deternine their concentrations.

LITERATURE

DMITRIYEV, M. T. Naturc, 19¢5, No. 7, p. 65
Published 22/XI 1965
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Figure 1, Dependcence of Voltage on time (chromatograms,
registered by means of a recorder). On the ordinel ayig.-
voltage {(in nv), on the abscissa exis--time (in min.): a-~
division of lcod tetreethyl in a mixiure with a surplus of
isooctane, registered by the &ryon-ionization method§ b-
division of tetrahydrofuran i%™ a miviture with a surplus of
oxvgen (in the air), registered by the thermoionizaticn

- method. Figures in pare.thescs after the ftormulas correspond

to: boiling temperature of the meterial at atmospheric
pressure; the detected anount of impurities (in rgk). PFurther
explanation in ths text.

1 et ST W




.
05 N
4 ‘
~ er -
-~ ~. ¢ — [N
< N
S B2y R o
e~ A . [
~hs s 208w & T K
.4 12 ~. > & © - {\"’ . - [ -
<2 LN b < y N D ‘. Y -
TP | R IS Y x” 27 Lo
~ < BN bad ~ (R} ~ - Ny ~2
~ A N « T s .Y L4 b
- N N S row e
g3 13 L) X 3\ o > =
IR I | BN [ SRS | IS ¥
o BN < NN | . e
3 = 3 Q T o s
IR RS sl &S <
e S || 3 S St s
01 1
LU . AW

« 0 !

Figure 2. Dependence of Voltage on Tire (Mass-—
spectrogram, registercd vith the aid of a recorder)

On the ordinal axis-—--volltagz (in rv), on the bascissa--
time (in min). Figurcs in parcentheses after the fornmulas
correspond to: wolccular weight of the material; boiling
tewparature at atmospheric pressure; concentration in the
air (in relative units).
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