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STUDIES (F THE BIECIRICAL S7ACZ CHIRGE IDSITY
QOF D BPERSION A.R0SOIS

T — Dr Koxrl Bisa, Silieozis Hospital,

piages 586-303 Grafsohaft Mochoanarinnd, amd
the Fhysicomodical Ressaxeh Cen~
tar (Chisf Phyalolan: I Bisa)

———— —— grp— ——

Hhe elaotrioql charpe of an acrosol is an esgontiel

aause af the chavraqtaristic behavicr of the carrier sudstames :
in the gassous phase, It influmices tho lifecpen and linits .
e raoticel peaadiddlities of epplicatica, The tandensy of '
an aaroed) towards homogealgation, the process of aging, taltos
Tlace through the growth of lorger suwsponded particles at the
expease of anallee freotions in the pariticle-pize spsotrum,
aggremtion and conglemeration are controlled by the elcowrical
ohargd pmopertivs of the aerocsol, 1 phenconon whioh ip lnowm ,
@3 yeoouwbimatica of sugponded partiolos with uwsldiln oharge sign, :
Thess phencmena dy virtus of the srace charge o the atnosphece !
ere of thy Znaatest cignificancs for ths Ayranlos 62 hydrciss
toore, Hovever, in leaser orders of magnitudo and ranges ee
wall tho eleotrical ciarge affards an opportunity for -
ent mapipulations ca an earozol, #lihor for ths purnoce ol
stabllisation or with the odjeot of rapid sedicentatiaan, .
: 28 formation of a apace olnrge £ield in which the
s8T0a particlos sudisct to the foros of gravity ‘givo oy
theiz diarges on sedimentation gurfases in ) cfuced dy spsce -
aharge dmeily, In the diclogical prooeas it can he essuned
at the funotion and dynamfos of o6l)l cOmPlAczes Are YiLcToume

, 1y effectad dy eleotrical phencoens, as, for oxmple, s

— Jeobally done by ths parmeadility theory or as ia 2180 ccie

" ealrshle by the charge icoperties of rrotein wolocules, -
Rsosntiy s nucder of fnvestigationis have bean published,. deal-

with the eilfacts of atmospherio olectrical £1314s s34 tafe,
© Solarly eiargsd swpeaided materials oa the humen orgolems, . ¢
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Poesidbly unsortainty as to quantitative eleotrical charge ro-
lationohips wnder thu sxperimanmial coaditimn~ ‘s g reacon L
. the (in part) atgnificantly divcrgant antacpretations,

B VIR UGS N S SRR L | o Wt caam [ ) . . '
Q. 020y fnam-fmfnz/dismsaion tho oauses of __
sremign - &

the elootrical charges in an aosol aro mrozentod A
nany oxplanaticns no longcer stand un nader criticism today.,
2 fhareatier 8 repoxt 18 radg on sud.oue- experirentsy which had
a2 their yarpose smIvoyitho slactiicel space charge censity
in different a@rosols and w th-io-d4atatd tho nagnie

tudes of therapoutio sarogels,J I considar {t Juctifled to
podlish a part of thess current \exparimonts sinco tho signifi-
ocantly lwyroved mtheds of measukacaort pormit oamrehonsive
rerraduoidbility and surpass previouy mothods in respest of ag-
cwrany 02 acqearesant, ! :

L3N

Ga the Theory of the lleotrienl Charges of an ierosol

Echlgehlittar and Memy have acplained that dwring quist-

iy wodsading chomical r'eage%uns 46100018 oan bo foxmed that
have oo elsotrical charge, Tharefors the nanhsnical forces
aoting upon & fluid duriny the atonization procoss oan be con~
sidared to B3 the cause of an aarocaol's eloctriecal aharges,
She elieotrical chavrges thersfolv are fw to tho epraying of

R 4 $ine segatively cherged flnid dropa from the sleotrio
dotdle layur on the free fluld surface thioh ia alvays famed
in thae ocase of sudstawes with high asgoclativae proparty and

- DA Gisleotrio ovcatant, . Aocoxdinfly, elaectrical svace
charge dengity ls characterized hy the reaultant nogastive care
Iiare 0f elsotrioity which originate fram the topmost nogo-

. Mvaly chargsd mdlesiar layar,

~ Asaoxding to Lensrq, the elootrio doudls laye of a
© water drtplet 15 4n THe aly with both ite plates in the drope

188, Tusresvure in pure water the megative olurge fa situ-

- &%84 on thy swisee and extonds to & dspth of 8 x 10-7 on,

. She _gositive charge is atuated further Lmwide wp 0 13,0 x
- m" an, Is the above cxanple, therafra, She thloknes of
;. S5 doalie Leyor is about 40 moleowlar Alemetars, Howevar,
the capillery layce on the surimos {2 goasi daradly thimaar,

L e Rridenoe of the charge distridbution in the eleotrio

- doudis hgr iz odtained by the wall-lncun fMundamantol axperie
- ne in @ e thavel O & mnall eir Ludbble in the slege

. trdoel 1914 of & capRoltoy PAL0d with pure water ia obaerved,
¢ I0 ths asewt of the air dudlle is supmrossed By uniforn rota=
- -%ion oL the capaoitor in the horigontal longitndingl axis

X the
5 - a4 Wdbble travels to ¢ha sncde, The gaaes apvesr aecm'dlngl.y

 aleays __tn te nagatively ciarged in fluids, The ahargo osanct,
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howover, af¥eot tho sia molecules sincc thus L it hag 2ot
RoG: pasginle t0 discaora gos ioas in budbdbles atae contast with
fluids, It son thareforas bo aszumod thst the filuid ocontains
the negative chargs carriors cad the eatire f£icld of the eleo-
o wedsal 5%l LW 6 4 o topuost molectleg of the eMnId,
In the adove experinment, tharoidre, only one vory thln-mllsd -
Gag-f11lod fluid bubdle travols and over thia bdubdle the posi-
tive fluid ions in the egubsequent nolecular layars glido lae-
vigldly t0 the oothode (Pahl, Zleictrizititsloliroe (llomonts of
Elootrioityl). A

, Thun Quring deatruotion o2 tho elestric doudble layer
varts of .3 ou%er layer are lmocicd 02, If the disparsed
droplets are cmiller than the oxternal nesative layolr == lgean
than 8 x 10~7 o, they corry a hogative oharga, The presence
of very smoll pesitive carrisrs is explained by the coacsption
that during injury to the eleatric double layar tho posilive
plate i3 algor expoed for a chort vhilo 50 that positive core
riers can also te libaated fron the destroyed surioce in the
gvent of rather prvarf ) wevannieal aotion, sddeced in vehull
of this ancutption @ Hho feot thet in tho cage of atrans dime-
parsicn phonomeny the quentity of posgitively chargdd carxviers
inorssees, the ratio of whish 0 nogativdy oiarged partioles
is 2:30, 65ingeo the 4droplet diamsters heare cannot be diffexe
eatiated algnitioantly mowrding to the alpgn of tho charge,
we ars pet dealinz with any asrosal residuss in the casd of
the pasitive sayriers, ,

Thencoene daring the atomizatieon of £luids hove bocy
investicated with comelderabdble exponditure af labor, Jemrd,
Ohriatiancen, FPonercy, Kohlschitter and Ohavman bejas edje~
olally outetending, 4h0 TAGOTY OF wateriall o balloalace
triolly 1a the adove Lesoriptiong i3 valid for ohanically
unifers flulds in the cave of whloh tha surfaoce ia the sits af
tho elsotriocal cherge, With the addition of solda @ lyos,
hosever, the ahargiug direction can to reversed oo that the
conoentraticn of the digamolved slootrolyts in the surfago’ layw
« aid, haaos, the adsorption properties take cn asauntiel sig-
nifismae Jor the Hrmmation of the sleotrical ciarge and of -
the aign o8 wil, It ham beon estadlishs’ thet corricr foimie
tion is olosely xelaced to tha elsotrolyte content of the Sfnte °
tiad fluld since the foxmatica Of ¢ striotly conotrugted elsoe
trie doudls isyer, ap in the case of pure water, is intedw :
sapted in flulds of differently diendolated lous, To Do swe,
housver, & nuder of other faotors have to Do owmsidored gines .
the resulta of aur expericents cannot witlout furiler 810 be

barmonized with the rrevions interyretations either, Bu.l&u.. ;7;-;:-'

[ X

he presence ¢f oy electric doudls laye 1n the osse O0f droge: . .
| 1ets with a higher Tate of evapration uader 0,1 u ia dlome -
~ otar 13 ccascelvadls mly with diffiouily, _ T
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- ysefahren] in the suspeneica capaoitw

. In order to understand the dbeiaviar and the formction
of the alvotrical charge or dispersion aerosols, it scers ad-

visable that a gonsideration of the physical wooesses and ~on-
ocepts coma f£irgt, :

i Oontact notontial: In tha csse of the approach of two
80114 hocn.o:h ‘we "o IPBULATOrY ab & vavcuias ulstenco of we
crdexr of 10*° can apart, elsotrical Ziolds appaar in the coa-

taot layor, vhioh are charactorized by very siort lines of

Lorwe, The one body gives up t© ta0 0%ier elsotions waloh are
adsorled in the receptor and arranzed on the aurface in a spe-
0ifls mnnsr, Nouw this field ocorrocponds to tho clnetris
dadle layor, whils its voltage 45 defined as contact potan-
tial, The aieom{o daxbls lojyor ropresents a sarfaoce covored
with @ipoles, Dipoloa can ba conccived of a3 woloculea ith
élaotrically polax jyr opsrties which poagess two electrie
a?ursu of aqual magnitude and oppos ite sign = Q +Q at intere~

el o Dipole momant is the result of the produnt of the
charges anl orval, Uged 85 the wilt o’ myouwe of
charge Q {s an integral oultiple of tid sallont charge,

0L thie eleotric slazantaly quantum e, This elsotroulo charge

;umadaﬁmau

#

et = (14020 & Q0004 X 10 Ty

LN

W ma of the § [ez in toxt] Groplet ggg:ggregoﬁggs;a:ggenu

U In fleids ead geses dipoles Luve the tendency in the
‘ oe Of sn elsotrigal field to ad jat thormolvoas in the
cotlon of the fleld, In the progsess they ave contlnually

- diztwbded by thermal motion, The ragnitude of the dfeleatrig
~ginstasi inoresses with lngressing Grlanftation, Noki~the

y Jaw of cbarge holds trus for contaot potential dotwsen

. & #0814 a8 @ floi€ dody, Acoording to Shis Jaw the gube-
. atencs with the grester dislectric adnatant Lo positively
. sharged. DNMelectric omstant is eazentlally depsndsnt on

demity, Tith dearsszeing density the ocoatants epproash a
2aitiog value, at which the relative dlelastrie constmt can

‘0 oguated with the adeolut @ dlelectric omstent of the vacue

N, @, the sudstance contelins quaslelastioally bousd
elaety Lan) oharges whish oaderge a £ through the elsotrigal
21614 80 that the 4lelecteio oons tant of the mlatange io
Srester tan tho limiting valos is, Ihese shifts are the cause
of e delmvicr 0f a Sielsotrio vis-awria eleoirioal fiellds

'Y . Consequently, the 4laleotrio ccostant 1s determinative for the

R

trisally Sfundmatal propartiss of the A lsotric, .

R N "
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-withdraw from ono another go that the attrootive influsnce of

The dielectric ccnstant of the rascoous phace of a2n acrosol
in tao paysical nerzal state (0° ¢, 760 torr) reveals only
glight deviations in comparison wiih s vecuun, Hovweve, @
disparsed aaroso)l phaco bohavaes diffarontly, with sisnilieauns
di{feroncas appoarin; in liouids bucsuse oF dlolootric dig-
nlagexmonts, Orlentation of the dipoles talici placod 1n agcord-
Wil wave oadTOTNT*12Li2 laws, Tl 0370csd pollus approsch the ]
nelgiboring dipole molecules, Thus, polos of Uke charce

polos of unlil oharce i{s considerably stronrayr than tho re-
yulsive effeot of poles with liks sigzn, This phenomenon of
gttraction anl agcumulation is dosisnated dinole assoointion,.
Lolaculos of water oan alao bhe bouand to othelr polal moloonlos
and groups of atoms, by hydration for exmmpls, The paraffin
cha ing of faity acids ocannot accunnlate such water molecules
cimoe they are apclar and not aydrated, Aa alreacy nsationed,
the grientation of the Adipcles in an elootrical rield is dise-
tnr‘ng’ by thRartBl ogitatlons, with a choracteristio equilid-
riun getting in at a smoific temperature, Thus the intense
tauperature-~ganuitivity of the diclagtria constant ia undedr-
atendadle, In the event of obstruction of polar orientation,
o, R, Ly freezing, the die)aotric oonstant deoreasaes signifi-
cantly, llhareas uwater at 18° ¢ has a dlielootric omatant of
81,6, in the oace 0of Lce the cinstant deoclinog to a valne of
3,1, In the scligifisd gtate the dipoles &0 of ocourse Lirmly
dixed 18 the arystal lattice,

Biestrostatic processea are oparative in aaueous solu-
tionhe of elsotrolytes too, The lons try to disparse and are
Tange themgelves, with pore ions ol the oppoaite mign gathere
ing in the via&nitzy ol en ion, This pseudostruoture i3 like-
uige diaturbed by tie thermal egitations of the lous of Qis-~
aclved eleotrolytes, Soresning by spaca charges scoordingly
produoes & 1oas {n the activity of the locus 1h a conceatyatsd
solution ainoe #very Lfon fa chatruoted in its mobdflity, Ccae
gsquently the omwtio, sondiocinetaio and electrorptive dynsm~
i28 of every iocn ip coroentrated soluticns 1s lsas than in
highly dilute soluticna, Dleotrostatia effact -- and thore-
vith fonioc strangth -~ inoreases with wvaloace too, In com~
pariscn with pure wete equedus elaotrolytss hava heichtensd
eleoirio oondiotirity, The mbdatances producing eleotrolytes
dscorpose in solution into more o 1638 charsed electric radi-
culs, The atroogp eleotrolytes are aotioally completsly dfs-
soolsted in veak soluticns, o the other harl, the veak
eleotrolytes & not canpletely deconpoas svan In the spallagt
ocnswtiaClcns, Tha dflmavoietion of eloatrolytesa is all the

e -

- gSvater, the more 41late the soiutica is, e ioas are
- eoasidered as mdlsculsr, then the wlesuler ooncertration of

al eledtrolyte is grecte than ths gram nols ccatent of the

8
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eorrospondins undissceiated eubstuonee, 7Thoso dhenouona seen
woxtiy of moasicn hecause tie diclactirice coastant gonorally

ia also deondent on tio concentration and tne dogros ol digso-
elation o2 the discolved elaotroitc,

farther, e ghens ol k8 rolecules st bo talan into
eongideracion frr the stiuwotwre ¢l tae electric double layecr,
Thus protoln molocules apyear in virst apmeoxi-ution ag cllip-
goids of cevolution, vhich on Dirtucyr lmrostisntion ara revog-
nized as rod-shaped molacules, rrom the oxanple of the wo-
tain moleacule it wes pocsible to provo that charge oconditions
are diffaront oa e Surfnce and in the interior, pH-shifts
are alod moagurabdle, vaich frox the swrihou 0 the interic
can emount to ag muok as 0,78 pH units,

finally, for the formation of the electriocal chayr > of
di{sporsion asxesdls we tust teks into cmsidoration a mrocens
which is lmcwn as adgorption, KHore we are dculing with the
congentration of gubatances at the phose intarfhes, 4 nunbory
o2 forces take part in physical adswption -~ van dar .aale
Iondon dispsrson forooa wvhich begona oparative batween ths dAi-
poles, multipolen or iena, In addition, alcotrostatle foroos
dsvalop vhioh renuit iu a binding ol moloculces to the surface,
The oonsertration of substeioes in the surfacs proceeds ac-
eording to the Giddas law of adaar ption according to whioh the
apouantg of the midgtance adsorbed fronm the asecus npiwage can
Do agcartalnel dy csasurecont 6f surfhoo tensien, Surfaca ten~-
gion depends on the 5 eocliio capillary activity of a sub-

atange, whlch 1s charaotorized by the Szyszlkoveki fornula aad

Traude rule, Thus, substances which poSedss sroater surfnes

saersy than the solvent and, acwrdincly, boighten the suwrsfhce

tension are displaged fron thoe fluld surfee, In particular,
elestrolytically dissoofated salts are =ald to be surface-
danctive sinoe they are capadle of raieing the surfage tonsion,
8, 5. Of vater, at noat nogdligibly, The surfaos tension of a
Lliguid &g loversd, hovever, by a surice~aotive gudatenocd with
098 axrdsqe tension deilns concentrated at the intoyrfuoce,
Since surimgs tension esn already bo affootad hy moaomolesul
uytr: e tracas 0f swiaos-aotive gubsts mes readily axert an
eflect, -

It o be discemaed thot the formation of eleatrical
chargea during acroscl disyoreion s no sinple liosar funot fon
¢f physloal phonaieaa, but o ocouplex serieg of faotors working
twpether, It is aleo clear that the moet sicplificd conoope
tins of waterds Ll oloosricity 40 not suffice for an undor-
stmiling of aleotrical space ciarge dsmity in the coce of
aisparsion eerosols, iret in ap amlysis ©F tho rolcoticao-
Rips te st tals into considaraticn the enorgy exponded in

" \ - . ’ :
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cicmigal momsrtizc of Voo Tluld, wo LuoT, Soo cliunole, n.eaticn

1% visoocity a3 wicll 22 TUC payiiCLi DULLZ OO WU Jheweos
DLaLo, woth o2 tliishi zifcece tngo ooosol, In geecrdonee Ll
Ti0 trocglin roruri; wie Domitulla G4 onoclucuriec fowll:s loyor
A 5L 2roo Dluid sorlmed DLoSS Lo InDostant iedt, . Laleanl

~ oy e s g ke

ipsossion 4s oy on vals Tole L, citliceitic constont, Lic
di ocociztion ©2 clcetrolyves, Ly daz0lo ciicruetir ond Lipcio

ared
womes as weil 25 Uy %ac forn wnd o cigno o tho olecules
Finolly, adsoration procecces Luvo s direet elfect on wWie Jor-

nosion o2 e elaoctriecal charpe, 1D we gooww that o numhed
o7 eleciric cdourlo loyers can ©d w@eceat in ea scrosol (Tonlet,
t1e ccaccenption of tho active meccicnism for tac fermadion ol
cueh corria charsos is nmoro complicated cvill, lloreov, wo
startcd 2rom tha ascumption Yhat in thoe catoc o2 tio acrosols
10 ars dealins with roi-shaped éroplets, Nowever, in tic case
0f tirtulont rocess aax inercacse in ke relative noverzent of
the &0 in coerparison with the scurroundins air appears so
that oscillatory motions ceewr & ing which the rod shape of
+h6 ¢roplet ciaanzes into a &ree flom form, In thoe case o
aarciynanic deformtion of a creplet the undisturbed formation
02 an cleciric double layor i3 not possiblo, aad in such case

a further rfactor of unccrtaiaty aypairs,

“la ccn delve nore neaningfully into the protlems of
elcctrical chargos of dispersios acrosols bty means 02 oxnori-
pmentation, with the resceat ecperimeats oaly a partial in-
sicht can be given into electrical rclatiocnsaips of cuvrier
substances, restrictcd to tile vieupoint cl therapeutic aero-

sols,

Perloraance 0L Lomorizonts

Susponded pexrticles in gases possess elocirical rop&r=
tiea by reason of a spatial distridution of the charge, The
latter beling an excess caargo 0 one sisn i3 suscopiible of
roasuwesnt, Used as unit ol msasuxe is the aunler ol cle-
nontary charges in 2 voilwws of 1 ocu cn, ilectrical sdpaco
charge density is moasuwred with a device accordin; to !lnle-
eisen [Sea Nota) (Tigwe 1), The apparatas consists oF a
Bifnlv iasulatod susponded filter in the iantaio part ol
blowar, in waich a flow velocity of 2 liters nar second is
produced, The susponded particles Leld foet on the filter
cive up tiueir electrical clwrfoa via elizible saries resist-

cnces in a range fron 3 X :'.01 t0 1 x 10° to a vidbrating oon=-
densgser measurezent auplifier (FH 408), The sensitivirty of
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ths ingtrument !n conjunction with a resistonce of 101l

18 10~19 4, %ho moagured voltaze appoars a3 a var
e formila 56 e iebls in

e ———— .
-

i vhere U gtands for voltags innV, v for voimo in 1/a and
e the elestrical elecsnialy quartun 1,6 x 10749 0., . Re-

slatame B varied in a range from 3 x 10*% to 1z 107 ohma,

= o3
- .“1,. n y.gg ’ é’.{wm
s o 2 ks eten]
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oy

Insulator

Quanti ty of air snoked iz

Blovar

Tibtat ing condenser - mpasuree ot splifier
g:lgzaum voltage for mopltoring realstanocs
Rsoxi

"4
SopRp

lsaccrermnts were made undar individual expericsntal condi-
t4as at 10 seo lutervals, vith the mean valus 0f & & sec Od-
. . " savetion Being reocrded, As a®nos0l generator we snployed
& sarisg-lroduced ring nosele (Eeyer)., The stomisaticy et
tao.zent with outlet aperture was at a dlatanes 0f 20 a3 fYon

e




tho eorcsol filter, By iastallin: a conical shnild, digturd-
ind dofloctions, o, G, Lrea poople wiallkinz around, wore o-
vonted, .ftor ovary c:poriiiont thce atvmizoar, well cleznod
aftor a wachins with dictillcd wator, was drioed in tho ntar-
1lizor and in each inctancu loaded with 4 cu cn of the fluid
t» be imvestigated, During a nart of tho exrjericoents ac-ocol
coneration with oxycen as tie 'ropulsive gas vwias undoertzlon in
parallel fashion, lut otherwis . entirely vith well-cleancd

conress~ oir, Mo sigsalfier .t diflerences weare obtained for
oxXyo: Lois Aven om0 _oopualsive prcogsure, atmospioric
couc WTEV G2255%,) wuu 6lininated defore cach exporicent by

<37 -, uvint regulation of the meccwring equipment, JAtmogjherio
o prescure exhibited flustuaticns frem 752 to 768 ma, Rela-

ave air bumidity waa kept conctent at about 707 and en air
taapaatareo of 16Y € was measurud,

[(Note]l: At this point lot ro thank Decent Dr, !1hl-
eigen, Max Planck Institute of Stratosjphoric rhysloes, i
axpert advice,

Exvariment I: The purpose was to0 establish the extent
to which varliabls propulsivo mressure of the @rosol generator
affeots the formetion of electrical space charge densivy,
Froa Filgure 2, in which the experizental regults are recarded,
i1t can be sesn that with inoresasins mechanical action on the
f1uiéd and with a heigbsening of dispersion forces the number
of elementary charges desreases corresponlingly, and in the

" case Of an aqusous aerogol the excess of nesative charges

rises sicnificently, 4 rolatively flat course of the curve
18 41 scernidle in a [ressure ranze frox about 1,2 to 1,8 at-
mosphores adsolute ressure, Tharefore in all experiments we:
chose a ropulsive presswe of avout 1,6 atmospheres absolute
presaure, in which range mincar pressure flustrations caused
only slight breadth of error of t.e charge balance,

\

swtane) /

Figure 2,
Xoy: 1, Opwating presscre
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i Dxwerimant II: The mrposs was to asoertain the elao-
trical space charge dmaity of an aeorol 02 81s%4iled water
in relation to the length of atoniraticn, Results are record-
el in Figuwre 8, Adout three minutes aft@ eproximauily ool
gtant debavior of amod charge Gusity a steep rise in nega-
s . tive olarge dalanoce bescomas evident, #hioh inside ¢ight mine
' utes 4x0pa to & minioun with ssvare fluastuations, These
' ~ phencmena are oo doudt caused by atonisation ocsses, In-
aide the Zirat few ninutep the supply of 21 is ol formly
cadd up, Thersalter large-hubble atiaizeticn eats in with
Bursting of the fluié residus in the aerosdl contalmar and
of tho returping fiuld &opa, The violent fluotuation of the
aharge bdalance oan tiua Lresly Be brought iato aorrelation with
insdenute atomisation, Thres ninutes Later aaroadl otaocsntiae
sion mes cmoideredly lsss, Therefore, Lo sudasquent experi-
- meiits oaly csasidements within the Sirst three miratss were

wsabdls,

. : pizant JXX: 8ods lye, smmdils, oommo) sale, hydro-
ohlarda acld, 4G a0id and aostio aold vere atomisaed, Ve
dsalt with normal colutions ranging freoticasily frme L n to
n/10,000, %ne arithuetio pvan of the charge balance was taken
. . a4 Teoor§sd HF every iadividusl experimantal condition aa

_ ia ¢ ¢, Thess exprimeats uere pépeated 13 their totele

‘ .zt.g‘u a latel? tine with Mrersaciing reproducidility Belng

- obtatosd, Disoeraibls es a eipnificent result is the Leot
A0 tiat selde and lyes dehave in the opponita sense &s rscards
S 4he algm of ths slsotrioal apace charge denaity in the evmt
;. 6L & @ilfering degres of Almoointion, The & enployed

10
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‘t::i:;ecg nc:g:ztivo ficn et a hiche Clcctrolyts ccnoontration

n/lCOOQNLCQ ovor w0 A posiiire charge curplus at n/100 to

B30, pga.gixvga%tqu\l’soi‘:géuvoa Sinllarly, vhils coda 1lye
‘ a S, 4209 yigldg a nagative char~ :

the event o a Lirhor ¢llutioa, Cncgho Othor E:ngfﬂsgntg

roralns unafiscvea in tae nogative rénge fronm 1l n to n,10,000

The ragnitude of the charge evcos .
oougentration and hich digutiong:'s 13 alearost given a kich

Disousysion of the exmrirmcnt: Nomal solutions of
acids ¢ T oonocentration tend towards a negative charge

bdalanse, whioch changes the aharging ¢irection with increasing

& lution, lyes, on the ot!sr band, exhibit the opposite de-
havior in st ‘Ehly loge their poﬂtivo ochargo 6éxooss with
ingre rsirg diluwtion vhen they are convertod into the aerosol
staie, Geak elsotrolytes, as amnonia for example, have &

soaller negstive elsctrical space oharge density, vwhich under-

€oos no significant chance with inoreasing dilution, Concsn~

trated golutions of occmon salt have & nocative charge exoess;

ttoro is no changs-over until the dilustion is n/1000, These

sxporiments wer2? oontinuod for a soriss of additioml lyes and
aocids, vhioh ouing to their cocpatidle dehavior in another oon-

nootion ars to % presented meparately,
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Figuzs &,

1, OChargs Balanas of dlapersed scluticae of & sitre~
Ston sewies in the DH range Lronm 1,48 to 11.48

8, Adscissa = X ¢ 10 o /o®

(logarithuio salsl

$, Ordinsta atomizstion/t
. — «10 880,

o adment IV Io Shis series of exprimsate the pure
L] ﬁ%a dlastrioel scharge of sprayed solutions

MO £3om 1,43 t0 11,48, The titration series was

i with a noroal solutiono of sode lys, hydroohlorio
m.% and a :

08tio n0id mogoxdiug to Taitle I, IDxpericental set-

%D 458 socps 02 the Isaered va lies wars as 1n the funianen-

©tal expoiment,
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; Table 1
t Na oad pee e CiL.COO i value
alid ol nlie .
D] HY w e jmd
t 9 w 152
- [ HY) -
3 ? H" R | vy
4 s w o 17 TRee e
L s 10 w7
9 4 10 Y4
? 3 H 4.9
8 2 0 2,3
) } 19 132
! 8.3 o8 0 2,38
19 [} 5] 30
H ¢ .8 J
" (1] ] bW
- 12 ] [ ] 413
Hh | [} 7 4,37
1 0 ¢ 45
1$ (] 3 N
ié [} 4 48
7 [} 3 400
H 3 '] 3 &
10 ] H 349
103 o (¥ &% -
AV o 0 837
83 i 1] 14,33
- ns ¢ ¢ 1.4 ,
\
Points of equivalence of a titratica sries, A
atron oy sodd i firet neutralized with the addi-
tica of n/10 MaCH to the acid mixture, Binding
0f acetio aoldd vith the forpation of s04iun Gos~ -
tate doea 5Ot Ocour until all the hyiroshlorie
acid is ssturated uith sinultasecus ﬁomtlon of S,
the pzutrel sals, The ruuu tg of equive- Ly
alsnoe are caloalatad approxics ogy wd oonfirasd | ‘.
ly ceasurenent, BT P
] gx'_n_glggngan of the axrerimentss m results recorded K
in Apwe oW co ""'"’SEE?I ""“ detion of the chsrge

»almos L0 the rs
length of atonisat

oL pi 8,69 uzd p’d 4,97, Uit inoreas
on the apace dharce das [ties of those 156

sprayed golutions ohangs orer Ironm the nagative range to the
poastive mnge, 716 opposite relstionshils are rovealed in
muawwmmwaaﬂumu ummm&
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in the ruge of golutioms with a mi of 4,18, Solutions uith
P tho pH values 3,77 and 3,46 and 3,10 shoy a rolatively con-
stmt positive charse balance, whils all thao othor solutions
caployed havo a hign.& negative eleotrical space olmreoe donpie-
ty.. It follows from Teble L wiileh quentitico were added
oadually to the aoid mixtare in ordcr to noutralize ths
ptroacer acld first vith simultanacus foraution of neutral
salit, Only aftor this does binding of the acatiac acld take
] placa with the formaticn of godium acotate, Vith progressing
pautralization, attainmont 0L the point of aquivalanced moiss
1tsels knoun by a jump in the pH valus, Ths firgt jup osculs
S m:.n,i the neatralization 0f hydrochloric aoid with & pd value
] .02 3,10, Characteristically, solutioans with a pH vsluc of 3,0
and 9,77 attain a pogitive charge dalance, The variable gpace
chargo dens ity and tho change o2 sicn of the test solutions
¢ nith 8 valuis 4,37 and ¢,15 ocan poseidly be oarrelated with
the dogree of disgooiation of the elostrolyte and with an un=-
statle rearrmgemont of the atmizad droplets in the eleotrie
docadbly layer, Ohanges in ooncentra tion prodadbly also explain
the siacial dahavior of the solution with pH value 2,60, which
i the vioinity of the Lirot point of equivalense assunes &
r A poeitive charge oxcess with increasing longth of atoulsgation,

™e behsvior of ths other sclutions up to a pH velue of 6,00

is prodaosd By the douinent effeot of thy @catio acid, Less
. anderatandadie is the behavior of the solut ions with pH valuss

1 11.23 and 11,48, whioch hare a 9lght negative charge exoeas,
Thie, t de sure, caa ke ocaused by the praximity of the second

int of equivalence end of the pd Jump, somsth t0 whioch

changing charging direotion of pH solutica 6,87 fraa the

positive to the negative mange attests, :

During neatralization of ths stroyver ecid the 1 solue
tios 1a the neightorhood of the point of squivalense begons
Iadile in their oherging direotion and in cigrge inteaeity,

. Aleo the point of equivalence of the weaker aoid oso da vell
‘ ; obsarved uithin the valuce for spase charge density of the /
‘ ~ atomized solutions, By virtus of the variadle (in reletion
3 t0 the leagth of stomigation) aharge dalsaca, viiish is 26~
A _vealsd espioially &rastioclly in the came of tha Alflcrent
‘solutions, the 1rodalility exiata of a3 Gefeotive crientation
of the wieculas 4o the droplet surfuoe and 0f an {nomlate
Doyaatd on or tranaforaation of the eleatris doudle iayer ia
the sercetl droplet, Hydrogea ion ocongentrstica alons s of
no esssatial signifiocance £Op elcotric charge dsalasnse, it it
makes iteolf olearly evidens in the neishidorhood of the points
oL eguivalense depending ca the fura tion of atomisation,

: % rirant 71 The eleoctrissi space clarge deasity of
a pedeE © ion drugs was teated, sdhering %0 e dilne-
Slona isdicated bty the manutpoturers T earceol tharapy,
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oxporizantal ;rocaduro corresponded o vaut ¢2 tho Zundamental
operimont, 4“ha moacurod valuos ocbitzined at 1C 3ac 1nto*vals
%ore rocordod Ivr throo minutes ond tho ari thuaotie moan Eaknn
Vo can foreso indication of tho scattorin: ranco since the :
values within one experimunt rovaaled zo Flustiuutlons vorth

Zontioning, The results ars rroscated in Table 2,

Tatle 2

Ciargoe balance

125 X i6° e/cm®

Drug

Nedaniinl

-
e o

Lon asrosols hae imwestigatod,

-
|

Cuntaincis - 240
Mutiia - J,12
TYsomivih -_—J,:3
Do rvienycol - 5.7
Oayprocuul - Sl
Trutin,hiisuwstiee phiodrin - 5ul-~20
Cuphiyain - 7,64
 Mnwtai IV - 13,70
Oxyprocain-3rox -—33.i3
Priclab : S - 13,50
Jepunthen - 18,93
dyordive - 10,50
AnLstainig - 24,61
Serpasi - 24,42
Soiu-Suional - 28,41
Slephuien - 24,52
Straptonycia o 31,04
inbaiopua -~ 33,31 .
DiniciiiinsAerosoial - 34,3
Lokastia - 23,:2
Paraben - 28,84
Peristoa 33,31
AsDesan - 0,82
Brox - 43,78

Atomizatioa data: Heysr ring nossle; propilsive
resmre 1,6 atoospheres adsolute pressure oxygen,

Asrosol teaper sture 16.8° ¢,

Discussion of the exnoriment: Zssentially a negative

ahargs balance 1s revoealnd by wo several therapsutically com~
mogtricu space ocnrge dean~

sity ranges from 1,28 to =45,78 x 10° ¢ /m® and 1s extracrdi-
narily high, Kamoohin showed a moderate positive charge,
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. of te ®lootrical u,w08 okarge density of electro-aerosols in

“‘asration rate (2 ou m/uin) only a slizht shift of the swmall
negative charge excess to the positive mnge is revealed, Aft-

' between the voltage-coniuoting parts and earth potential,

‘0,16 x 10
.an eleotro-acrostl ander the above-montioned conditions is

‘of therapeutic aerosols in the individual atauizer,

charge dalange in the Mologioal sphere dur ing inhalation of
dusts and sernsols,

wx.-. ——. . K
- > e
s - 5 .

talle only Transpulmin-lphedrin tended to tho zero point, to
a chargo equilibriun, If wo tale tiao uwsual inhelation tina
during a single inhalation as tae lLasis, ue obtain hence tho
amount ol 0x00s3 chargea wiich ¢an to calculated with a multi-
DPlier of 1— 2 x 104 and tho measwed electrical space chiarge
donsity of the aercsol par cu cm, Honco we freely gain the
i1dea that, apart fron tho pharmacological action of a thera-
poutioc aorowl, tho chargo auission on the resorption surfaco
canaot by reagson of its magnitude bo a matter of indiffercnce,

Cn the btasis of the above results the question arises

& gpace adrosol,

. Zxverinont VI: The msasuring apparatus was adbout o
noters away iron an electro-space aerostat, The aerosol gen-
arator and the charze system were set in motion at the same
tine, Two ultrasonic atomizears v ere employed as aerosol gan-
erators, and their aerosol (NaCl 375) conduoted into the charge
systen, on which a vOoltage of 60 kV had been applied, Loeasure-
pents could not bs made regularly due to the techniscal set-up
of the experimont, dbut are reocorded in tins and presented in
Figure 6, After tho aeration aystaa is turned on, at a high

er the aeration is turned off, the negative charge excess rises
steoply and is relatively stabls dur ing the rest of the expari-
moat, Ouing to the voltage applicd to the charge systenm, an
analogous-gsign unipolar ghargs and charge-axahange 0f the gero-
80) was produced, Tho steeply rising spacs chargs donsity aft-
er. the aeration was turned off proves that, given this set-up,
spase charge effects are caused essgentially tho the expanding,
unipolarly charsed aerosol and cannot be dus to field action

Dur ing these expsriments electric apace oharge density was
neasured gt a mximun of 160 x 10% ¢ a3, corresponding to
e/oci, The electric charge dalance in the osse of

relatively ammll, In the adove-desorided experimsntal set-up
it is o from reaching the eleotrical smoe change density

4 report will de xzade in the near future on eleotric
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Figurs 6,
Koy e:
'34: EZlectro-aerosol
ein: on
ab: off
1, Oharge dalance of an electro-aerosol
2, Aeration :
Sunnary

The ocausas for the formtion of the electrical cpace

charge density of dispersion aarosols are disocuscsed, The es-
gcential formation of a more or loss strictly sonctructed el ec-
tric daidble layer in the fluid &rop is linked with a nuaber of

factors, among which eleotrolytioc cissociation, dinole mcuent

and ¢ielectiic oonstant, the foxm of the moleculec and ad-
sorption phenomena eto, must be oornsldered, In addition, the
emergy consuned in atomization as well as particle size and
aexrosol concentration play a significant part, Elaotrical
space oharge density ocan bo measured relatively exactly exaot-
ly with the filter mthod acoarding to llUhleiser, 3By means
of this procedure an increase in eleotrlcal spave snarge den-
g<ty with inoreasing Jet-propulsion presswe was ascertained,
Chorge balance is relatively constant depending on the dura-

- %iin of atomizaticn, Only with a shertags of fluid does

—.zo=-bubble and irregular atomization aypear, which results
in cvee)ly rising space charge density, Aoids have a nega-
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tivo clarge si;n in tho covent of coacontratod electrolytic

- content, winreas in tho casg ¢ sreéatar dilutions they aave a

v03itir 0 charge excoss, Comxmcn selt tehaves similuarly, wiile
lyes of tiio positive rc:ion oxter into a no;ative charce
balance with increasinsg éilusion, Solutions of a titration

"saries in the pd raaze from 1,43 to 11,48 revoal a labllio

ciargzoe talange with a portial chezze o cign iasofar as they
and ticir pX value are in 39 vicinliy of tae points ol cquive
alence, A nuchbar o2 acrorol drugs have ¢ negativo charg

oxcess, which was measared as essontinlly negative up to

26,78 x 105 cen, On tha othor hamd, a check of an electro-
aerosol under specifis conditions adduced only an electrical

‘smco charze density of 0,16 x 106 e/cn® so that te electrical
. gharges released dwing inhalation of a therapeutic aerosol

.are by no meansg insignificant,

48,




