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The cnfseriti a). f(e.iturc o' ien.1i'otion met,:1hodjS hasa2d upon
the use of rnotter in its 2a~- lir st if; the- fact thatT
dunring zhsic hnzc i rlv ''; of the air*actran:.1formcd
into dc~trr~idnra, K!r gaý,-couL~ i on1 %-:1-11H) can.- 'b 1) be. id('i~ti f ed
and measured by electx o-ni c .c'i~cas*Cor;-.:ni-rrot! ris of
ionr and !sma~ll icnn cur' ~': c 2  ~erl: ci n modc~rn

instrmcnt-uil 1. rw, arl ca 'Gu 1 a t3 'i., zs e r~vr >.:in ccnducte'd
of separate i cnf. 'Ioni~.-,tji c t i . thnks, t~o the 117e c~f
appropriate: racdio): 1cc t-ronic r,-c;, hý,v; cof-`n~~. *b advontages
over the u ru"l uans of Th:i a 1 .1'.C;T,-,Ia I ur',
uniformity and precd saon or "~s~9,r , raipicd" ty o- det.ermri-
nation and ut:5icrc-gi sirati 1_on of thc oilU receivced.

In re:sc'arch on the atrm-ofsphere, the- Yhc:-3 c physico 1ernical
para:icieters of. thce air: it,, com1poc.i tioi, denisity iand humidity,
and ati-iospheric pressure, are h~eing mtost prcciscrily established
with the aid of ionizction rrelthodn, and a;bout, 30 various
meteorological elements are boin-i stuici 6~T DII-T-Z1YEV).
Th,:Fso mccthod..; are being used uidecly in sscientific work- and
te~chniology (Ca.d le). In connfectior, wý.ith their forthcominig~
widcsprczA introduction into sanitiary-hygienic practice in
the not-too--distant future, it will niot be, without interest
to examirnem the' thecoretica 1 bcascs or, to CO1 Lapplropric:teŽ

exprirentoni, and to note thre prospoc-t.'; for-, the UseC of
ioniz.ation riet-hccs in uncovering iAtcsp,-hreric i:utcc

The most na.tural subdivision of ionizatijon mcthods`ý is
pc:rhaips the one b:.roight Llbout by the_ eneroTcy lvlof ic~r,*-
7zct'i on zmnd the miea~n7 of gaae(ous ion f-crioetion. In p,,rt~cuziar,
the fc~llcleing mrcthod; a-rc of' interefst for at.n.ns!ý:iri c chomIs-try:
Thrhc tilrt, ion z:4 iopoo nz o lectric lChtg

radioactive oiito, re-ciztnnl ct cc.pue
and the rrasse rmti ethodsIF. Thc eui -t of thno
thcrovnioni zotion rohdis tb-c fact thatU tlie: A oru ,c ion of

iass s condu'-Le-d thormica] ly, by mreans- of he ating. Theý
flacre-r-1onization nwtoiin whbich theri~ial i oni 7at io' takes
plaice in a. hydroýenIll ame isý the one, thi-t has roce-ivcd os
widcosprc.ad di str :1bu Li on in praclt-i cr ol Te--- '-

hydroge~n fl:odoasý nct cxc -,d 2, 20,wihcrcscc
to zr. ioni-/zation encrgy )e lof0.2 cv. A theruaoncic raeth:c'd
is als :o use-d fI.- chcen.i cal a'~ia ysi s in '.:A'Yc!1t aio Aoi:
ti on -is acc~oi:rli J hcd on a. su~rfa f for (-amrp? C n ovzlpc'raýt 1
ions of1it uc Thce ()-raerco siirfa-ce ioni zet ic .~ L:
about 700)' whi-ch corres!pmi:Js to a lecvelj of i' iztino
onl1y 0.1 C2v.



In the photoionization method, ionization of the
molecules is carried out by optical. radiation. Since the
threshhold of ultraviolet radiation is taken as equal to
10 mm., the level of photoioniziition thus amounts to 125 ev,
which considerably exceeds the potentials of molecule
ionization (<24 ev). In photoionization within the visible
spectrum (above 4,000 A) the lvel 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 powerful sources of optical radiation, is
fraught with exp.:rimental 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
prcoerties of the spontaneous gaseous discharges utilized
in this method (silence, decaying, crowning and high-
frequency), the level of ionization which the electrons
(in the main) and ions produce exceeds by only several
electron-volts the potential of ionization of the gasses
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 accorrplinhed by
means of ionizing radiation -- ck- and 0 particles. With a
constant environment of gas, tempcrature, and pressure in
the ionization chamber, the current passing through it is
also kept constant. If there are impurities in the air, then
due to the difference in probabilities of ionization the
stream of ions in the ionization chamber is essentially
changed. The level of ionization is determined by the
energy of radioactive radiation and considerably exceeds
the energy of ionization of the molecule. In the argcn-
ionization method ionization of the molecule is carried out
by the agitated organ atoms. The agitated atoms of argon
will be for.-,ed under the action of radioactive radiation
somewhat earlier than argon together with the components
to be determined, and will fall into the area of a measurable
ion stream. If there are foreign molecules present in the

-agitated argon, then the excitation energy is transferr(ed
into Kinetic energy of the adnixture's valent electrons, as
a result of which they undergo ionization (in collisions of
the second kind as distinct from collisions oe those of the
first kind .3n the radioactive ionizat ion rvothod, in wThich
the ionization is accomplishied by m,-ns of the kinotic
energy of fart particles). P3cciiuO- thie e-citation energy
of argon atoms is 11.6 ev., molecules whose exci tation
energq exceed this value will not form i on: and, consequently,
arc dc:",rmined according to the ch,-nge in the ion :-trecam.
Thus the level of lonizý.ti or with the argon-ioni:zation method
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is 11.6 ( :v. HaIi ur may lxý used ins tCZId Of arcjor: the level.
of i on~ization by agqitato-d aitoms in this, case is, considerzil~y
greater, which perisanazlysi.s Of zAny kind of maLte-r except
neon. lk~wevo'r, the scrn-sIt vi ty of tlhe- rvthudJ is considerably
reduced wiAth this.

The csscrnce of tie' el:ctIron--cz-prture mncthod consi stfs in
the fact that the oluizot- Z).puit 7sar ionized by
the capture of clectroru; End retafrmdinto ncgative
ions.* The procesýs ofl eli a Lron captirtn (adlhesion) itself
requires mi~ni.i al enei-g ~e-ae::0.1 e~.,ho'ae'vrr, it is
impossibl e t~o cle'Ler;,irnv rn- rite by this; retho-i wi thou c
ioni zation of the baiccrrLe*CgS, -i chicrves as the
sourcc of free elect-rons. onzioais us~ually carried
out by raldioactive radliation of great en-.ýrqy, exce~cdi 'tg the
ionization energy Of the victleCLIot. Arnd finally, in the
massý-sp;7ctromctric vr-t-hod, ionization is, usuzilly carried,
out by electrons accele(-ratedl in an elec'I-ric fi-eld. Radio-
active- radiations and elcctric discharges also are used for
i o n zt io n. The' pecacuiarity of this met-hod is that the
io,-ts are divided accordinj -to thelir aes this tre-,,endously
simnlifies idcentificaztion ofl the', imuite under inetln A-
tion. Divi sion of the ions of various cornp-ovids is achieved
in clecL!ric, as7 wecll as rmagnce'tic fields. flc:,_use of the-
cz-pability of calculatingj se7parate ion-, of vz-rious rrs-ass
numbecrs, this Lirethodi is the vost. sensitive- ear',.

Thecon~raivecharacterfi.;tc of tho variou-, ionizo-
tion r~' ,thodsý are give-n in the tablo. The' thernm i oni zat'Lon,
mtvhod has7 sufi icie-.-tly hfigh seri-, tivity , but prmit anillysis
only of orgnirc mtole:cules. Th.- pholoioniý -,I-on met-hed ,ýs have
highor seritiit ,bt, dueý to pract.ical Oiifi cult ices are
sui ta.-e( only for rrul tia ton:ic rid ecule', wi th lovw ioniza Li on
pr)> 'tl alt-1i . The se2s iv~yof dctri c ythis methcadý
thce- o.x-ygen andhabi-cn aini" com-pounds , which hi rncr-j

c1 I" U.C11"-'p ;rs r; 1 ; CF 1C'[(I:"] z :~'o-~'.

1eg r'Ž-- OF - LeVel of Max selis5i- Co.on(sRoquiren'
ionizaýti on ioiizat- tivit-y( in ilhat ciii Vol A ir

(in %) ior, i ev 1NhG) be de,(ter- (in ti?"

iJ 0-' 10-,
¶ih-'rw~o Ci rit L ion) 1-3 10- 3 0.1-0.2 10- E Or~j aýncT Ic.

Ph C oci oniai on 0.05 7-125 10-7 1~~ 1 -(171X 1 Ir
el (c tric -di!sab r~j 0.5 I 5- o- (). 10-/an
a r j (i o! -,a t.i on 1-5 11 .6 To- / ~ Ih1 t i - *I o: A c-
c] ecr-cit': - 25 10~ Oxy 0.1 II

Wt I ) (-I or,-

r~s~spera'tr~c 0.1 2 -2jC <iu A) 011 <0 .1 V
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ions from collecting, is 10 3 10 4times lower. The electric-
dschargc method has high sensitivity, including sensitivity
tcý-.ard organic compounds as wc~ll, anid is suitpble for de-
termi'ning any gaseouLs c.nosr But it is not very satisfactory
becau -.o of the inntabili ;1t:y o-f the di scharge processes and
instab lity of' the ionization tuILsberj created. The radio-
active ionization netlicd is suitable, for determining all1
compound~s w-ithout exception, but has; relatively low..er senSi-
tivity in c-'mpariso(:n wit~h other ionivation mz~thcx.Is. The
argon-ionisL,ý .ion met,.4hod has good sen-,itivi ty (due- to the
high dEcyree of ionization), but permits znalysif; only of
multiatomnic comp.ounds, (whose ionization eneýrgy ar t be~l ow
11.6 e,.v.). The electroni--capture method hai; hiqh scnsitivity,
but is suit-able only for oxyge-n and ha loi d-conta -ini~ng
cormpounds and certain oLher ma1--terials which have polar-
functional groups in t hel -r ri,,akoup. The es-pcorio~~
method is the most universal, althougha it is also tliw. most
complex (rel atively bulky apparatus is rcqui red, a~nd a vacuwirr
is needed f-or the instruiim-nts to opefate).

As is apparent fro.- the table, tChe ir:'z-i-Xil -sensitivity
of the ionization rrethodS, dc~pcn-ding upon the 1rvc-1 and
degree: of the mea~ns of ioni~zition, ai::ounts to 10-8 - 10-b rmikg.,
i.e. , miorc tha.-n 30 5 - 10(, tiriv-s hi rhr~r tenth!D sensi tivity
of the photo colori,-;'etric, zosxne. i nd sp-ctraml mto
and more than j1.0( tl.hes hi'gher: t Lm the ScI-nitiVitv Of
chemical met~ho-is of wei ght ond_ -;ooluisv- canalysis. Of otlier
physico-chernical mocthods, only tho- riac~iooctivation mothod
(in which the materials to be dictrrninrt-d are trian:-formed inrite
traccab).c ra~dioactkive mnolc'cules) is crompzercble in sentsitivity
to the joni zatiori mothc-d s, or eveii exceeds-'ý thc-.-

It is appnarent- f x O.i th- h- <SIV thae the sn
tivity of the ion;/zatio-'mthl gro, s with theicres: in
degree- of ioni-zati on of the morue.to be( dcitcer~;ired
(w~hich on the whole is conca caoncad bv' the m:rr,,znh of ion for-
mnat ion s) . 11i th an inrmera::cý in thie ] eve3- of ion*..za.tion up to
the volues of ionization encrq4y of the .nlcls(10,-20 e.v.)
the sensitivity of the rrto~ is al.,o increase~d. In viewx.
of its high) sonsitivity, a consider.týbl, de ce fioiato
is not compulsory for th- mass-spý-ct~ro-.etric irvethod.

Concentrationss of atJTiosph.->ric ii purit~i e; of ahout 0-4

out by cSoviet, hycienizst:-, As i,,; arFqp).rent from th? Etab) C.,
air szamplr] of only 1-10 cn 3 i n al11 , are n.-cessary for
dc-tern' rnng 5ir~puri ties- in such concocntru'C i~ons, i.e'., the usual
mrrdicej !-.yri rges: can bce us(-d. Wit-h crcenlrati~on.s oj b0C rg/n-3
1%". of- the- cstm lic lohe inirn.-il PIDK) % h Ii ch also riust )-c

measured -in ordeRr to cont?-sCith clleali's of the air,

sp)evoli w~.'c:; w-,hi d do not' exce-d (q,(. 1 (i . e. , a olm



w~hich can beý put into theý iritiLrumort. entire1y) ar e nn~eded
for the OrtLily:.i s Thi iri ctc that , with the, aid of the
ioni.7ation iv,,c Wed:s, fli.t: Callt ;. puz dircectly into the
instrul-icnt without first be*i-.j, E~nr3 ched ,.i th othe-r compounds.

Thus, al.] OF the orilzat icr int~chod.,; of phys-icochentical
analysis c!)arnii nd abovo can b-, u,(cl ~ic~su yfor de-
terrininvja sg1r iipu"AIti~e:'. As; cx,ým!p] or, several
chroi~iatocj amms and ns pa -r (rcgfi ste rs of po;-Ocs ill

rcaLco o ýimes:7) arc giv":n in 'ficj"',.c5 I and 2. Figure la.
sho-..s thc depcerdc~nce of vol -ge: (pr'cpotionij to the
ionizing current, regis tot ccl by anof a recorder) wh-en
usincg the cirgon--j oinc:nction z. he, nd in figi. 16--the sanre
when the theri,;rionizataon ne(-tno- is used (chroxiatogratns).
B~efore pottinig the s%-,Cn'~ have, deterrir"*c.d into tile
ionizing inst17u!;ricnt, it is pa!i -ed throug;h a giin-chrorcatogriphic
coluirn of 5 mms in diar.:-ter which is filled with an adlsorbent-
carrier.

lit thle cFase of dcctc:rininin3 a m:Lx ure( of lea,1 tctrciethyl
,~ i. 1a) with a sv--plils of: isooc tr, ne the co2 u;:n w.as

filIled vwith a silicon lubri c:Fnt (3-,,,0:'i.. zens-`i y brick) . As
indiatedon the- diatrjrýý, 1i;occtsm: (fr~t pec2:) began tco

cater the area ocf io:>izo tion it~ 1 mion a~fter the samrrple
c-ntr-rcr th7 cclurmn, but. lead tetor t-y--.: iti th n-Jinute.

In the casec of dc. tertfriimig trayicfr n(stLn ieg. 16)
with a sur:plus of oxygen, the column .-.-) fille-d with dibutyl
plithalJtc (25YK' on Inzcnckily brick). Its indica lc on the
diagrwq. oxycjn OW (fitu{ bceg) ciu to -ntur Wryc area of
ion iation (nj'zrc*gn M ar') wfcthi a:n sec. af tcr enterS ng
thr-accsr~c2'o

Tetrehydrofuran cre'-cc! the Pe.a of loni :,,AJ: on in thr
6th riut Cteoc c>e in th' is dizan 'o:; J.s nr g;:t ir,
because its mcd cuhnc d~ci rot irncrczsr- 1bul- dc~sc h
valurý o: the ijon-i-:atic'n ccurrcrit. Tn th,- tigure it is sho"'ri
abovu the. Moo for cunvTirnencj(. oF ciah .11 iist L~i~on.

A rts- tr:ctof pel luoted Ear (re-gi:stcr OF voltage,
in rein inn torroor~ci ~onil1 to the- value- of the! ion~i-
Zat io cu.-rcnt) in Shima ill fig. 2. OhtbtainC CIit this w~
peaks for vcccL"3o , ace torn., ci-otonicIdixc c ,tot r~clydra-
furmia, hcrmnco -- ' (c~>,n : ine, 4--chtloroap:l..c
and ~1-l5tohIoba. '.On thý rm ns snec tr~otr;: the poaa.,

are cl- La e ii inc roret nq or(',(--' cof iaol ecui z e
Wihe first figure it. ,r~~ce),iccIoet- mldtOrioils

wi th the so-! meiss miril -- s %:rite fi- a u n the tope.

Eeccrmnc pul1]uhimci 0' U" ta ir i pcik p2 zn .& ra--. -cU it of
li. r~c f V-c7e .i(Mn ( 'Lll' Eo : f inr pci a, ~ sr
cort volual Lo~ic tl!h hoi I. t rj4 t( !ru~ th:. ,c~-rI alit
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atmosp-heric pressuire), aretalciehyde was det~ected in the grcai.cesL
quant .: ty. 2 ts concentra'tionI, roughly equal to 0.05 rcg/e, we

*took as 100. The cconc,-nt-rAtjuflt; of theý roi.:cining mate-rial s
Were considerably low-c-r (third figure in parentheses). The
ma ss-spcctro%ýetric viethclc enables us to identify attio-spheric
impurities (according to iiiass rnumbors) zind s~multaneously
to determine their concentrations.
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Figure 1 . Dcpender ce ofVltag Onti (;hromatc)grzt.n-s,

registceied by nc-nz of a rccorder). On the ordinal 17710
voltage (in rr.') , on the abscissa xi'-tn (in mi~n. ) a-
division of lcad tetreethyl in a mixture vith a surplus of
isooctane, registered by theý a-ryon--ionization rna:'thod; b-
divi sion of teLrahydrofura'n 1 P. rn-iY ure- with a ur;LIplus Of
oxyge-n (in th~e air), registerc-d by the th-ervioionizati cm
Mctih-,d . Fiquzes in pare.'theses afte~r the i-ormvulas corrt~sponcl
to: boil ir--, tomperaetur, of the maEterilal at atmozsphcric
prc'ssu~c-; the det,-c ted cý!,iount of impuritics (in r~glz). Furthc-
explanation in the text-.
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Figure2. Depndc.nce, of Vol tage on Ti mre ( Mass:-.
spcctr'c:'rar, registered1 w.ith Lh,-' izd coF a rocordcer)

On the orciino2 axi ý--voltzigcý (in r~),on the ai;z-
t~~e(in mm~). Figure-s J1n pare te-,es iafLoIT the form~ulas

CC,'rcresp0Ild tu: irocdcii lar x-e-ight a f the no tcrial; b'1 in
tewpcnrzJ-1re z,.rrsphri prceýurc 17; concceritrtion i n the
air (in r'c!ýt-ive unitz:-).


