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Abstr~ct,
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part 1,

The sansitiva large~ion counter which had been previously developed
(JUNGE and ABEL 19&5, and ABEL and JUNGE 1966) has been improved
and testsd under field conditions. It can be . _.ed to determine aero-
sal particle size distributions betusen 10-6 cm and 10-5 Cm par-
ticile radius at tbtal particle nunber concentrations down to 500 cm'3
with moderate resolution, Errors of measurement and restrictions

with respect to the electrical chaorge distribution in the aerosol

are discussed. The instrument was testec and measurements were made
at the following lecations in more or less clean air: 1, bchauins-
landg, 1200 m above sea level in the Black forest, Germany, Auqust
1967; 2. Bay of Biscay, on ressarch vessel "Meteor", October 1967;

3., Observatory lzana, 2360 m above sea level on Tenerife, Canary
Islands, March 1968, Some of the results obtuired at these places

are discussed,

Fart 11,

A gravimetric muthod 18 described for the determination of the
growth of aercsol samples in vupofs of water «nd orgenic solvents,
Results of measuremgnts for serples of natural and artificial sero-
s0ls for waler vepar are uviscussed to demonstrate the possibilities
of the method and same special cherecteristics of these growth cur=

ves, such as the sapaih form of the curves and (he hysteresis effect,

txperiments afe Ciscutned which show thet the typlical smooth fora
of the growth cutves of nstursl continental serosols can pe ex~
plained by the prasence of selt mixtures an. fnsoluble materiel,

It is found that buth the wnutual influence on solubility smong the
vatious iona ss well as intefactior betumen dissolved end insoluble
material tanis to smooth the shape of thess cutves,
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The study of hysteresis indicated that this effect is due partly
tc the supersaturation of solutions and partly to the existence of
pores in the aerosol particles or at  'east in the aerosol sample.
There is evidence that the effect of the pores is enhanceo oy the 1

interaction between soluble and insocluble material.

e . . . - ..

The study of growth of natural aerosol particles in organic vapors

showed that organic material is present which results in similar
growth curves as in the case of water vapor. lt became clear, how-
ever, that growth in organic vapors will infiuence the s.ibsequent
growth in water vapor, i.e, that exposure of the asrosol samples
to organic vapurs is not reversible. Heating of aeroscl samples up
to 150° C resulted in mass losses up to 35s. This mass loss is due

to both organic and inorganic components,

Foi further systematic study of the orcanic components in aerosols
we developed the so-~culled "solution" method, In this met! od the
mass losses are determined after exposure of the sample to a certuin

sequence of sclvents,
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relative amplitudes of ion concentration fluctuations
before and after passing a damping vessel

effective capacity of electrometer system

electrical elementary charpes

radial electrical field strength in cylindrical aspj-
ration condenser

ion mobility distribution function

ion current flowing to the receiving clectrods

ion mobility

critical mobility of aspiration condenser

length of cylindrical aspiration condenser

factor defined by eq. (12a)

average ion number concertration in case of fluctue-
tions

ion number concentraticn entering damping vessel

ion number concentration leaving dumping vessel

total particle number concentration

numbe concentration of unchargea perticles

number concentration of particles carrying p elemen=
tary charges of cne sign

number concentration of lurge~-ions

fraction of 1ons arriving at the receiving electrode
numbet of elementary ch.rges on a partizle

charge distributicn factor

volume of damping vessel

purticle radius

inner angd outer redius of cylindrical wspiration
condenser

tadius wt which ions enter the cylindrical asspiration
condenser ‘ust arriving st the end of the receiving
slectrode

tine

ariving voltage at cylindricsl aspirstion condenser
electrometur signal voltage '

ait flou velocity in cylindrical aspitetion condenser
axial coordinate in cylindricel sspirastior condenser
air floe rate thtough the cylintrical s=piration
condenset

fraction of sir fiow tete within redius ¢

phase shift of concentratica fluctustions "efter pase
sing daeping vessel

radial coordinete in cylindrisel sspiration condenser
period of ion concentration fluctuaticn (assumed si-
Auscidal)
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Part IIc

] = mass of the sample at vapor pressure p

'w = mass of water or organic solvent picked up by the
sample at vapor pressure p

[ ] = mass of the sample at vapor pressure p = 0

" = mass of the soluble fraction of the sample
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Pert I.: A Sensitive Large-lon Lounter for Studying
Size Uistributions of Atmospheric Aerosol
Particles with Radii Smaller than 0,1 Micron,
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1. Introductian,

LR R R ST

The study of particle size distributions of atmospheric aerosonls

in unpoliuted areas is the objective of a research group at our
institute, These size distributions range over many orders of mag-
nitude in particle concentration as well as in particle size, Since
the predominant physical properties of particles which can be used
fer size determination, such as diffusion, mobility, light scattzz-
ing; inertia, vary strongly with particle 8ize it is not possible
to cover the whole size range from 1077 to 1072 cm radius by one
single metheod, In view of the additional difficulty of rather low
concentrations under clean air conditions it is, therefore, neces-
sary to use several methods in parallel for the whole size range,
Mest of the methods available are, however, only useful for con-
centrations which aie higher than those which we intended to study.
It was, therefore. recessary to develop and refine existing methous

in order to meet the resquirements,

The total particle concentration in clean air ranges from about

102 to 103 particles pe: cms, most of which are found between

3.1007 and 1(]‘5 crm radius. The particle size range for radii lar=-

ger than 10”2 cm can be studied by methods which use light scatter-

ing, inertia (impactor) or the optical microscope. The narticle

size range below about 10-5 cm radius is difficult tuv measure if

it i=s intended to use methods applicable for routine measurements

in the field. The methocds, which might be considered for our ob-

jective were fcllowing:

a) tlectron microscope

b) Diffusional separaticn of @erosols in connection with a conden-
sation nuclei counter

c) Yetermination of the ion motility spectrum and conversion of this
ion spectrum into an aerosol spectrum

d) tlectrical separation of ions in connection with a condensation

nuclei counter,
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With method a) it is difficult under clean air conditions to obtain
electron microscope samples which are concentrated enough for sta-
tistical evaluation. In addition natural aerosols with radii smalier
than 10.5 cm are at least partly volatile and spread out on the
collection substrate so that size determinations by electron micros-
cope are dubious, Method b) works best for particles smaller than
about 10-6 cm radius and this well established method togeth.er with
a reliable condensation nuclei counter for low concentration is one
of the methods used in our program, Method c) is a2 well established

6 and 1!:1-5 cm radius and for

maethod for the size range between 10~
aerosol concentrations found in polluted or partl, polluted ate-
mosphere. The fact that this method is not applicable for particles
smaller than about 10-6 cm radius is rather new and was not clear

when we selected this method for our program,

The purpose of the present study was to refine the method c) for
measurements of low concentration aerosols in a clean atmosphere,

As the discussion will show it became clear during the course of
this work that the usable size range does not cover the small end

of the spectrum below 10"6 cm radius 4nd that it is not possible
with the present technical means to make the method sensitive enough
for clesn air conditions and for field operations. for this reason
we have now switchsd to a combination of b) for r <.10"gnand d) for
1078 cmr 4110'5 cm after we were success®ul in devuloping a very
relisble and accurate condensation nuclei counter for the concentra-
tion renge of 30 to 1000 per cm3. This work is, howsver, rot covered

in the present report,

The method c¢) which will be discussed in this raport determines the
number (total charge) and mobility of ions by deflecting them from
e laminar air flow by an electrical field. Such a measurement gives
the mobility spectrum of the cherged serosol particles, fFor conver=-
sion of this ion spectrum intc an aerosol spsctrum one has to know
the charge distribution end fraction of charged particles, with
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continuous bipolar ionization in the atmosphere due to cosmic radia-
tion and natural rusdioactivity, a stationary charge distribution
forms within a certain time if the aerosol itself does not change.
The assumption of this ionization equilibrium can be expected to

be valid at clean air conditions, remote from any local aerosol
sources or aerosol sinks, i,e., for conditions which we intended

to study. It was only during the course of this study that more re=
liable calculations about the charge distribution on aerosols under

such conditions became knour by several mauthors, and that it becams

clear that a reliable conversion of ion spectra inteo aerosol spectra

is principally impossible for radii below abaut 10-6 cm,

The ion counter and its use for ion mobility analysis are known

since many years (ZELENY 19C0, GLHDIEN 1905, ISRAEL 1931), WUe built
our instrument on the basis of the best technical means available

at present in order todachieve the required sensitivity for the analy-
sis of large-ions in clean air, bince scnsitivity wss more important
for our problem than extreme resolution of particle sizes, we chose .
the so-calied integral type of aspiration condenser, accepting the

ions in 1ts whple cross section ang its uwhole length, rather than

the more comp.icaturt differential types using subdivideo air flow

and subdivioced viectrodes, A careful analvsis for optimal condr*ions

of sensitivity indicuted that these latter types of icng counters,

which are very useful for high particle concentrations will not mest

the necessary requirements, 'his unalysis also included the esta-

blishment of optimal dimensions of the integral aspiration condenser

for the reguired opurational conditions,

2. RApparatus.

The design and construction of the large-ion counter F. '« been dese
cribed in detail in ocur earlier reports JUNGL andg ABLL {1965) and
ABLL and JUNGEL (1966). A number of improvements accomplished in the

meantime will be tescribeg in the present report. In the following,

we yive o represantation of the 1nstryment in {ts final ‘orm,
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fig. 1 shows the block diagram, The cylindrical aspiration condensecr
is given here only in principle without details. It consists of three
concentric tubes: the inner "receiving electrode" connected with the
electrometer, the "driving electrode™ which can attain voltages between
zero and 3.500 volts, and the outer shielding tube. The laminar aero-
sol flow fills the space btetween the receiving electroce and the cri-
ving electrode. The surfaces of the electrodes facing the aerosol

flow are highly polished and chromium plated., The rec.iving electroce
is mounted between its grouncded end pieces by glectrically heated te=-
.flon tnsulators. The electrometer line extends axially from the re-
ceiving electrode into the Lary 31 CV electrometer preumplifier
without further insulating supports Thus, the insulation resistance
of the electrometer system was always greater than 1016 ohms, The
driving electrode is mounted betueen ring-shaped insulators consisting
of specially selected polyethylene material to reduce polarization
effects. hese insulators are mechanically and electrically subdie-
vided by "guard rings" to shield the receiving electrode from the
insulating material and to give a uniform potential drop. For nere
details of the aspiration condenser, we refer to our eurlier report
ABEL and JUNGE (1966). Only i®s typical dimensions and operating

data are repeated in Table 1,

The lower part of the block diagram shows the electronic and ather
instruments necessary to operate the ion counter. The e.sentiel fea-
turegsof the electrometer, high voltage source and air flow system

have been discussed in ABiL und JUNGCL (1966), The final circuit dias-
gram of the “"control unit" is given in tig, 2, This unit contains
powar supplies and veriable controls for the insulator heating, the
blower, and the electrowet.r shorting relay as well as gssentiasl parts

of the compensation device describesd in the subseguent section,

In the earlier report we suggested a circuit for the conpensation of
high voltege fluctuations, The principle of this cigeuit is givun
sgain in Fig 3, It uses an esdditionsl vibrating condunscr electro-
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meter amplifier (FRILSEKE und HUPFNER FH 408, slightly modified),
the input of which is capacitively coupled to the high voltage
eoyrce while the adjustable output with inverse polarity is capaci-
tively coupled to the input of the main electrometer. fig. 4 shous
the guarded, air insulated input coupling condenser, The require=-
ments tur insulation and corona discharge for this coupling conden-

sel are the same as those for the ion counter itself, since it must -

withstand the same voltages and is also connected to a sensitive
electrometer input. All controls for the compensation circuit, such
as the adjustable output with a monitoring meter, input shorting
relay operation and zero adjustment, are contained in the “"control
unit® of Fig. 2.

This compensation device reduces the fluctuations on the main elec- -
trometer by a factor of 10 te 50, depending on the frequency of the
fluctustions and on the accuracy of adjustment., The completeness of
compensation is limited by the time constants of the circuit, i,.e,,

by the lowest and highest frequencies being handled ty it, and by }

the zero orift of the sux:liary OC amplifier, In spite of these li-

mitztions, the device was very useful guring the massurements and was
absolutely necessary fcr spproaching the desired sensitivity of (ne

ion counter,

Another preblems arcse from the zero drift of the ion counter, which
was still too large, ixtensive study of this orift lead to the con-
clusion that its major part is systematic and is cauced by contact

voltage of the receiving electrode insulaters, Any insuleting maie-

e

rial, including the teflon used in our case, has a certain ienic
conductivity, psrtly cue to impurities, Since wech piece of the i(ns
sulating muterisl is located betuwesen two metal supperts the lurfacot
of which are never quite ldentical, it forms & “Qulvinic zell” pro-
ducing s certain EMF, but with a very high inteinasl resistance, ln
our ifon counter, using the "guatding” tuchnique of the Lary e¢'sctroe-

i

meter in its "31" gperation mode for cutreat messurements, the recei-
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ving eslectrode is artificially kept on ground potential by feedback
action, thus reducing the detrimental influence of insulation leak
and of external capacity. Therefore, the "galvanic cells" formed by
the insulaters are continuously short-circuited, Their short-circuit
current, determined only by their EMF and internal resistance, enters
the electrometer and is indicated. It may vary, e.g., with tempera-
ture or with condition of the surfaces of the insulaters and metal
electrodes,

Though varying, a typical value of this current was about 3 x 10-15
smperes, Since this was even larger than the smallest ien currents te
be measured, it was necessary to loek fer maethods of elimination or
at least reduction, As leng as it is constant or but slowly varying,
it can be compensated by a counter-voltage in series with the insula-
tor so that the latter is allewed to assume its ENMF or opencircuit
voltage without generating current. For this purpose, the metal parts
st the grounded ends of the twe insulaters were insulated from the
grounded end-pieces of the receivin:) electrode, They were electri-
caily connected with vech other and an sdjustable voltage source

was connected between them and ground. This battery opersted voltage
source is coarse snd fine adjustable by potentjometers between =0,75
and +0,75 volt against greund, which was sufficient in all cuses,
Since this source ie of low intatnasl resjistence, the sdditional ine
sulatien mentioned above can be of lew quality, v,g., sdhesive film,
Adjustment of the countet=voltags te achisve minimum Jrift at the
slectromaoter usuvally takes many heuis. This time is needed by the
insulatorc to appreach their equilibrium open-circuit voltage be~
cause of their high internsl resistance and beceuse of the considers~
ble capacity ef their metal farts, The edjustment must be centrelled
frem time to time between the measutements,

A similar contact veltage compensstion, sithouygh somewhat less cri-
tical, had te be used in the input of the auxiliary O smplifier ef
the voltage fluctuastion compensstion circuit described earlier,
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As an additienal precaution against contact veltage - and its varie-
tlons - all metal parts of the insulators ef the ien counter in di-
rent contact with the insulating material were gold plated making the

metal surfaces as equal as pessible.

All these measures kaept the systematic drift current ef the ien ceun-
ter below 2.10-16 amperes without using the fluctuatien cempensation,
With the fluctuation compensation, it may be raised again teo &'».‘I(J.16
amperes, But, for the error of the ion current measurements, the va-
riations of this drift current are responsible, On the basis eof

large number of drift and ion measurements, it can be cencluded that
t2,5.107'8

ments, This is the absolute limit of the instrumen\ and can be rea-

amperes is the minimum of error of 1i25v current measure-

ched only when the latter has been uorking for abeut ene day witheut
any serious disturb: ces such as violent mechanical motions, abrupt
temperature chunges, lerge line voltage changes ar even line voliage
failure, The possible error in the presence of such disturbances
depends en the actual siiyation and can hardly be estimeted in gene~

ral,

The effect of this minimum error on the measurement of the ion or
serosp)l spectra will be considered later in chapter 3, Of ceuree,
also for large currents a systamatic relstive error must be assumed,
which say amount to 2 or 3 per cent, Hut this errer is constant asng
thus hes no considerable effect on the spectra,

Ue think that this accuracy in messuting small OC zurrents in lon
ceunters is the limit cvhich can De reached with present technigues,
It aust be considered inherent in the sghod, But there ara furthet
limitstions end requiretents with respect to the stability of the
asrosol to be sampled end the air Flee through the lon counter which

will bDe discussec in the subsegquent section,

With the rese t retho’ fattic.e size distritutions ate ceterm.ned




frem current-voltage-curves of the ion counter, i.e,, from series

of successive readings, Such a series usually can be obtained in 20
or 30 minutes, as will be seen later, For satisfactory results, the
asrosol content in the sampled air must be sufficiently constant
during this time, Our observations with the icn counter and with con-

densation nuclei ceunters showed fluctuations of nuclei concentrations

-up to 50 per cent within a fev minutes to be rather frequent in the

atlotpﬁoro sven in the absence of local sources or sinks. Similar
ebservations were reportec sarlier by other authors (ISRAEL 1957).

In erder to raduce such fluctustions the air passed a duiping vessel
of velume Q befere sntering the ien ceunter (Fig. 1). Effective mix-
ing within this vessel was achieved by a suitable srrangement ef the
inlet and sutlet tubes, Ve used a volume eof Q = 0,5 -3 the size of
which was determined en the basis of the fellowing consideration,

Ve sssume the ien cencentration entering the vessesl, "in' te vary
areund the average value N.v by

iy

N, = N,[1+ a sin (A2 1)] (1)

with an saplitude a and s period © . Previded that mixing is ideal
and less of particles is excluded the cencentration in the air lsa-

ving the vessel, N

eut’ is given by

Nt ® N“[‘l + Ls:..(—‘%'-uf)] (2)

with o smsller smplitude b end phase shift ¥ . The “demping ratic®
is given by

s . v Q@
v 1t B d (3)

i .L:_.%_,,.,.

L.
LN

-

e r Sy -,y




—g-

¢ being the flew rate, In our case ¢ = 470 “3/8. If we take

< = 100 s, a value which has been really ebserved, we have

a/b = 130 fer Q = 1 n3 er 2/b = 65 fer Q = 0.5 l3. The mean residence
time fer the air in the vessel is 40 min, and 20 min, respectively.

Q@ = 0,5 n3 was considered a reasonable compromise between g suffi-
ciently high damping and the inconvenience of a long residence time

and pesssible loss of particles in the vessel,

In reality, of course, mixing is not ideal and soma particle less
occurs in the mixing vesscl, Tests shewed that fer particle concen-

trations beleow 10‘ c-.3 less in a 1 -3 vessel was about 10X per heur.

fFer the finul measurements with the ion counter we used a container
of 0.5 .3 velume uith a residence time of 20 minutes consisting ef
metal in erder to aveid unnecessary ion loss due te electrestatic
charges en ths walls, In agreement with ather authers wa fesund that
this loss cun be considerasble 1). Using a condensation nuclei ceuntetg,
tests with outside ajr passing the camping vessel at ths neminal}l ’
rate of the ion ceunter showed ne systemstic diffsrence within the
statistical variation betwesn the concentratiens befere and aftar
pasnagi. Using the jen counter itself, tha damping effect is ﬂ.lhﬂf'
strated by Fig. S which shows the i0n current at maximuz voltage
when sempling eutside air directly or threuyh the container, The
denpi g effect is ovviouu, theugh somewhat less then ouf estimate,

To prevent eciies frem. the damping vessel to enler the jen countaer,
s "honeycomd” flow rectifier, consisting of crossed matal shests, '
sas meunted in the entrance of the ion ceunter, ses Flg. . its
channels have » cress section ¢f cn2 and ste & co leng. Uxtﬁ the

b

1) Ve observed “half-life tlmes” af weregel concentrstion ef laborate-
ry air in stetage ballesns ef ca, ' &, [n a plesti- Dalleen, this
tims was S heurs; in a bDalloen with metullized innes sur face, "% 2
tins was '2 heurs, ‘ ‘
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nominal flow a diffusion loss of 3 per cent for particles of S.‘IO-7
ce® radius wes estimated, Since the essential size range covered by
the instrument is from 10~ te 107> cm radius, the diffusion loss
will be negligible. Likewise, sedimentation loss is negligible for
all particles of interest.

Finally, on electrical small=ion filter was mounted between the

flew rectifier and the ien counter, This was necessary since the
stmespheric small~-ions have concentrations of the same erder of mag-
nituno as the large-ions when measuring in clean air, By way of the
edge~affect of the ion counter, small-ions may affect the determination
of mebility distributions ef large-ions (see ISRAEL 1957) and sheuld
therefere be r:moved. %ince the gap between the mobilities ef the
small-iens (1.4 resp. 1.9 cnz/Vs) and of the smallest large-iens
(seme 10'2 cuz/Vs) we are interested in is rather large, the arrange-
ment of the small-ien filter is uncritical. fFor lack of space, we
used thres 0,1 ca mesh wire grids perpenuicular to the air flow,
agunted betwesn insulating rings at distances of 0.8 cm., The outer
grids sre gtsunded, the inner one is connscted to a 9 volts battery.
For the nominal air flow iens of both signs with mobility greater
than adbeut 0.7 cmé /Vs -Te removed when the air velecity profile is
unifors, In the rather wide cress section neur the sntrance of the
fen counter, devistion from a unifora veiocity profile will not be
very large. The wite Qrids had sn udditionsl nfr.ci in s-ootningf,
“the air fles, The effect ef the emsll-fion filtar on the results ai?_
rather sasll, '

“spestod qualitative sir flow tests utih saske were mads in the fun
countér.mthc high voltage electreds being teplaced by a luths tb§§
and the shinloing tube removed. No deviation from tha struight le-
miner Flow in the slectricel flelu section of tne sspiratien condenser
" could be svsvivud, The behaviour of trails of smeke indicuted thet

& Jistinct velecity profile between the electrodes §s c:tlblishoﬁ,
altheugh the prafile could not be determined in detail by this wethod
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3, Determinatien ef Particle Size Uistributions.

The main ebjective of our werk was to develop a suitable method te

determine the particle size distribution eof uwcresels in clean air,

i,e., 3t very lew concentrations, lon ceunteis messure enly the rr-

bility er size distribution of the serosel fractien which is elec-
| _ trically charged. These ien spectra have te he cenverted to asresesl
spectra, i.e,,to sgectra of all particles, charged and unchargsad,
This problem of cenverting ien spectra inte aerssel spectra is aet
entirely solvaed. Ue made an attempt to carefully loek inte the pre=
sunt status ef the art, which will be suvawmarized in the subsequent

sectien,

The first step in the evaluatien is the cenversien of electrical ne-
bility of partic.ss charged with sne or more elementary charges inte
sartizle size, Fer the present purpose we can enly censider spherie
3] particles, Since atmespheric aerosol particlqs de nat in general
devir - too much frem spherical shape this sssuaption is a geed
appre  mation, In any case we deturmine b, this assumption the equi=-
valent 21ze of spherical pariicles, for particles in the tange ef
interest, {.e..butuean 10’5 and 10'7 cm tadius, the mebility can be

calculstec by the “tokes-*.llikan-Cunninghsm law for the larger and
i from stotisticel me-tunics orf the smaller a2orticles, Ve used the

numericel vilues oiven by I1SKALL {1957), shewn in tig. &, Thay are

v2lia Ter singly chalged ps-ticlest for particles «ith muitiple chare
ey the —ability 19 prupott. “illy higher.

n a sucond fequirement we haw® Lty kaow the nictribution ef chsrges

sagnyg the aeroesal perticles, bLince woe ote pris.ifiy interested in

“he backgreund 3erossi th» sguautements are mase unyet cencitions where

L 4

Lo © cel ssrosd) sIurtes are ebsent and tenization eyui.ibrium can be
oxpucted, The sis:fon ry charge distribution tes 't ~g frem this

i

ienization eguiiinbtiun, esasrntially synmetrical '~ bDeth galatities,

Cicr
.

cen Bue Colovliee an the De .9 8f the Giffyus-oe-ma L lity theatv oy
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BRICARD (1949, 1962) or FUCHS (1963). This theory was recently re-
fined by BAUST (1966) and MOHNEN (1966). Fig. 7 shows calculations

sf Baust {(HJAUST and PETRAUSCH, 196B) using the parameters of posi-
tive small-iens of mass 208 ANMU, correspending te clusters of one

air mslecule (mean mass 29 AMU) plus ten water molecules. The values
of the negative small-iens give a distributioen slightly different, but
this di“ference is unimpertant in view of the accuracy of the measure-

ments, The figure gives values for the ratios NP/N (N, = number cen=-

centratien of paurticles carrying p charges of ene sigi, p =20, 1, 2
eseey and N = tetal particle number concentration) as functions of
radius r. The uncertainty of the values depends en assumptions about
the mass of the small-iens, their mean free path lengith and mean velo-
city. For the present time we consider the values in Fig, 7 as the

mest reliable.

In erder te cerrect fer multiply charged particles, also the ratios

p appear as a charge

' . Np at the "wreng" mability p * k (er cerresponding radius). They

Np/N1 (Fig., B8) are required, The particles N

P at the correct

mebiiity k. In the si¢e distributions to be expected in atmospheric

must be subtracted as r . Np at p « k and added as N

aerosels, fer high P values the fractions Np become negligible com-
pared with the teotal particle number., Therefere, it is usually suf-
ficient to cerrect enly for particles with P = 2 and 3,

The cerrected number ef ians obsurved for the mebility k or cerres-
pending radius r is {one sign)
00 hal N
Ni(r) = Z Nr(f) = N ¢ (v) (4)
ped pa N
The tetal particle number N(r) is thus obtained by multiplying Ni(r)
with the facter

[=2 n -1
P - \Z ‘,\‘IL(") ()
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which is alse given ‘in rig. 8.

For particle radii smaller than ‘IEJ°6 cm the eharge distribution gi-
ven by the diffusien-mobility theery becomes uncertain, Here the
particles are smaller than the mean free path length of the small-
ians, se8 thet tre applicability ef such a macroscopic theery becemes
deubtful; a mere cemplicated gas kinetic cellisien theery wsulcd have

te be applied, In addition, far r <,1E)-6

cm the P(r) values are very
large, so that the calculated aerosol size distribution becemes in-
creasingly unreliable, 'he particle radius ef 10-6 cm must therefere
be considered as a principle lewer limit eof the ien counter method
te determine aeresol size distributiens. In the results reperted
later we will give values of the size distributions betuwsen 10-6 cm
and 5 o 10'7 ¢m radius in parantheses snly, This is a very serieus

limitatien of the method which was net realized to its full extent

at the beginning eof this study,

On the ether hand r = 10-5 cm is practically the upper limit ef this
method at least for atmospheric aerosels. fer larger radii the number
cencentratien ef aerosel particles decreases so rapidly - with simul-
taneeus decrease of mobility - thz2t the resultin¢ current incrementa
in the ien ceunter seen drep belew the limit ef reselution, The size
range feor which moebility measurements can be applied fer size distri-

butien studies is therefere restricted te the range
’/310-6cm<r & 2= 10 " em.

It is very :typical that in atmospheric aeresel studies alme: all
methods are restricted to rather small sectiens of the teidal size
spectrum for the combined reasons of shape aof the spectrum and tech-

nical limitations by the methed. The ion count:r is no e-ceptio .

Seme further remarks are necessary on the correction for mu'ltip'y

charged particles accerding to the charge distributien, Uue te mui-
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tiple charges, some of the particles beyond the upper limit of

10”S cm radius fall inte the mobility range of the large~ion coun-
ter (depending en the size distributien, the fraction of multiply
charged particles in atmespheric aerosels may amount to 10 or 20
per cent). Thus, complete correction is only pessible if the exten-
sien of the size distribution curve beyond 10"5 cm radius is known
by other methods., This is the case if the large-ion counter measure-
ments are combined with measurements of the larger particles by im-
pactor and eptical particle ceunter mathods, which was planned in
eur werk and which was realized in some cases. The fraction of mul-
tiply charged particles can not be corrected for when the large-ion
counter is used alene witt out combining it with the instrumentation

fer larger particles,

Knswledge of the size-mebility relatien and sf the aerosel charge

distributien anables us te determine the aerosel size distributions
in the range 10-6 ch r <;10.5 cm from ien mobility distributions,
We will new discuss the method eof measuring ion mebility distribu-

tiens,

The theery ef the integral type ien counter method is well kneun

(see e,g. ISRAEL 1931, 1957, HOEGL 1963, CHALMERS 1967) so that enly
the mest impertant facts may be repesated., We assume the air contai-
ning the iens passing eur cylincrical aspiratien condenser (length 1,
inner and euter radius Ty ra. radial ceordinate ’, axial coerdinate
z) in axial laminar flow ef rate ¢ and of a certain velocity prefile
vz(,). vz(g) shall be independent ef 2z, and there shall be complste
symmetry areund the axis, The veltage V between the inner and owter

electrede results in a radial electricael field

E, = - v (6)

> ghlne)
fer Ty ¢ ! ¢ ra. lons ef mability k have the velecity cempenents
(t = time)
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d= ,
& - (8 (7)

38 = KE = - LV
d{ S~ gl“(ralr;‘) . (8)
This gives their eguation of motien
d - V. e ln(na]e)
2z _ 2 (8) ¢ ( (9)
de KV

DF special interest ist the case whan iens entering the condenser at

i
ty k = kc’ kc being called the critical mobility of the cendenser

determined by 1, ta’ Tis ¢, V.

z = 0; g =T, just arrive at z = 1; g = r.., They must have a mebili-

Integratien of (9) yields

L L
| = sz z - t“é:"‘\iﬁ) J;gvz(g)d( . (10)
The tetal air flou is
Ta
<P= j\lz(s)-lmg dg . (11)
4

[}

Frem (10) and (11) fellews
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!

o Plaleafery o, A
K iy S (12)

M = Ajﬁ bw (rt‘[r()

AL (12a)

with
independent ef the shape aof the flew profile vz(g) as leng as the

latter is independent of =z

Let us briefly discuss the current-voltage curve I(V) of the aspi=-
ratien cendenser for the simple case that enly ions of a single mo-
bility k1 enter it with a number cencentration N1 For kC §‘k1 er

v ?m/kv all iens are captured by the (inmer) receiving electrogde

(Fig 9a) so that ue measure a saturation current
I= Qel, (13)

(e is the electrical charge sf the iens) independent of V.  frem
which N, can be calculated (Fig 9b, curve 1) For ke >k, or
v l!l/k1 enly a fractien N', of the iens N, entering the cendenser

between a radius rs and the inner radius ri are captured

The ratis N:1/N.l must be the same as ¢'/¢ , where

fe

¢l= sz(S)"-WS ds (1)

LA

is that fractien ef the towl uir flew ¢ which flows between r1 and
r._ se that it must be
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Te
N, @ J,"Z“)"“S"‘S

B - Ta ' (15)

fv,(s)- Ix ¢ olg

T

Integrating (9) for ions of mebility k, Jjust entering at z = 0;

$ < T, and arriving ot 2z = 1; g =T, yielas
v

LV S"z(SHS : (16)
o

L r‘.

L
\. = x‘ll T - lh(r“/r“)
o

Dividing (16) by (13) and using (15), we have

z. N, k.

Ma ke

This relstien is again inuepundent of the flew rprefile vz(s). Thue,

' (17)

o the current meusured in the ien counter feor kc>k1 or Ve M/k.‘ is

k. v, k,
I - ¢e N"- " = ¢eM l‘ -V (18)

¢

i.e it is prepertional te Vv (Fig, 90, curve 1) Frem V = m,'k‘ Feung
. at the edge of the measured 1(V) curve, k, cen be valculatea 1huy,

ve have determineg k‘ and M1 by measurement

Arather species of jens with k  ono 8. weuld result 1n o similor
£ ..

1.v) cutve, v.g cutve 2 in f1g Qb 'F net xinds of iens t+ Wiwed
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in the air flew, their currents simply add, resulting in curve 3 ef
Fig. 9b, from which k1, N1. kz, N2 can easily be read as shouwn in
the figure. This procedure can be extended te an arbitrury number ef

ien species as leng as resolutien is sufficient

Atmespheric large-iens usually have a centinuous spectrum ef mebili-
ties k rather than discrete values. The I(V) curve of the ien ceunter
fed with such a mixture ef iens is ebtained by dividing the iens inte
infinitesimal mobility steps dk, each of which can be treated in the
sanner just described, and by integrating ever the contributiens of
all steps to the current I (e.g. ISRAEL 1931). The number ef ions dnN;
between the mebilities k and k ¢« dk can be expressed by the distri~
butien functien f(k)

dN. = f(k) dk . (19) s

if sll iens have ene elementary charge e (fer multiple charges a A
suparate cerrectien methed was given earlier) For a given V er kc

of the ien ceunter, the jien current 1 is cempesed of twe parts:

the iens with k 2 kc which are sll captured, and the jens with

k< k_, of which the fractien k/k_ is captured accerding te (17)

This gives
L‘ °§
k
[ « e fO) dle & Ge \ fdle | (20
S,-E ke

which results tegether with (12), in I as a function ef V for the
asbility distridution f(k) 1t can be shewn (1SRAEL 1931) thet, fer
s centinueur distridbutien f(k), the slepe of this curve 1(V) decrea-
ses menstenically sith incressing V, (Fig 9¢), and thst the fen
content in a mebility interval kc ..kc ¢« dk is prepertional teg the
sscend derivative of [(V). Since in resul messurements enly s limitec
nuaber ef peints af the I(V) curve can be determined, the snslysis




will alse be dene in finite steps of k (er cerrespending particle
radius r) rather than in infinitesimal steps dk. This is accempli~-
shed in the fellswing way, We censider the slepe dI/dV:
frem (20) we have "
ke :
dt S
—_— - k fW) d 1
C T fCLY di . (21) ‘
frem (12) we have :
dk M 1
< L L — = - ,__._\"- (22)
dv vt M
censequently,
ke
é dTl dI dic, ¢°S k U d
- h .
since T !‘Hﬁ)d% = Xf(")
®
o
; an¢ ‘d‘é“‘j G(ﬁ)) d% = - F(‘) )
. ,,
Y
L‘ ke .
i ] “ E
£ o8 NEvl s = e ‘c \l)d.[“ --'L (k - (“C)}
E‘ dy, [ \: f( .}" ‘f ) f '
L -

20
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or Lc
Lpyde = M 4L (238)
oS eV

Substituting this inte the first term ef (20), we ebtain

T I 4 T p
Sf(h)dkt-—-- —.-ﬁ. d

dal

J Je W ge AV T Pe (I V'TV_) (24)
The magnitude (I1-Vdl/dV) can sasily be read from the I(V) curve fer
any of its points, as shown in Fig.,c for two peints 11(v1) and
IZ(VZ); it is the sectien OP en the l-axis (in units of I) between
the origin and the intersectien point of the I-axis with the tangent
te the I(V) curve at the point of question i e. 531for 332 in the twe
examples shawn. For an ien mebility interval k,.‘ kz, the difference

o0 ke

PR OB -0
6: -~ ‘,é}mdu - kmdu :Jﬂwu = AN, (L, Y2
a L 8 -

gives us tha number concentration of ions in this mobility interval
This procedure can bp repsated for s series of intervals in the
rangs of interest

For the uppet and lewer end of esch mobility intertval the cerrospen-
ding ien radii Ty F, COn be read frem Fig 6, and the magnitude

Auc‘ (('lo'h) .
l‘! (*w ,"t)

versus r is drasn en leg~-leg paper in histegream frem. "fter nerrectien
fer multiple cherges, this ien size distributien is multiplied witr
the P(r) fecter of Fig. 8 (mean value for esch interval) ts give the
particle size distributien '

After the first experiments with ihe large-ivn-counter, it wes rsceg-
nized that sems difficulty eaisted with respuct to the nuaber of men-




v

‘constant fer all intervals), the time needed fer ene size distribu-

 cons.derable but the metron is still capsble of giving the main fee=-
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suring peints for wach I{V) curve. In order te draw the tangents

preperly, which are needed for the exact evaluation method described

abeve, the number of measuring peints shesuld be considerably larger

than the number of channels chesen for the histegram size distribu- §
tien. The average time required for ene sensitive current measursment

by the rate-or-charge method was feund te be 190 secends, and a si-

milar time was needed for changing the driying vbltnga, i.e., a tetal

of 200 secondg for each peint, Even if we disregard any fine struce

tures of the ien distributien by cheesing channele which differ in

radius by a factor of twe (so that leg (rn‘1/rn) = leg 2 = 0,301 is

tien weuld have been too long with respect to the ebserved fluctua-
tiens of the aeresels, As a compremise, we tried te use enly ene peint
par channel, cennected the peints by straight lines and made ths eva-
luatien in the way of Fig, 99 as if there were ien greups with dis~
crete mabilities, éttributinq the ien numbers te ths whole chsnnel

in each case. lhe histegram channels in the lag-leg diagram are
arranged symmetrical te the ien radii L cerrespending te the aea-
suring poaints, so that in each channel half eof the jens appear bslew
and half ef them above rn. This precedure seeas to be the mest rease-
nable oppreach in the present cuse, The sacrifice in resslutien is.

tutes of tie ni-tribution, ‘ ?\

The srrofe of the :ciultan size distributions c.used by this sime
rlificatien w re testen uith medel distributiens., fig. 10 shows an
exsmple for e ciruuler (V) curve, Altheugh depending en the shape
af the indivicual size vistribution, theas errors ususlly are cen=-
sidectably .maller thsn those causecd by ertrots of the Lien current ass-
surements, uhich ate discussed later, for six channels ccnturndkit

- » - ‘
redis r = 2,5.,'0 73 5.10 1' 1.10 6 !

3 2.10°%; 4.107%; and 6.107% en V'

1} Although the P(r) facter of the charge cistribution is uncertain
Delew ¢ = in=6 Ci'y t* ion measuremenis saore sesmewhoat extendedg ts
sraller v .1, - N
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(see also Table 2), siX current measurements are thus required; in
edditien, we need at least ene more peint near that for 8.107% cm
te get an idea of the further extension of the I(V) curve, and at
least ene zero determinatien, i.e. a total of eight measurements.
With 200 secends for one measurement plus sWitch-over, we thus need
s little less than half an hour. As shown in chapter 2z, the damping

vessel to reduce aecosol fluctuations waus adapted te this time.

The voltasges correspending te the channel centers listed abeve are
undsr normal conditions (sea level operatien) V = 4 §; 17; 663 250;
800 and 2800 velts (ze¢ Table 2) s

In chapter 2, we came to the conclusion that a stuotistical absolute
errer of the ien current reasursments of :2_5.10'16 ampires can be
aswumed under eptimal cenditiens, The effact of this errer was alse
tesied with medsl size cistributions in tha fellewing way: frem a
given size distributien we derived by calculation the corrsaponaing
1(V) curve, averaged ever the same channels as in the later measure~
sants, then the scrrers wers spplied to the current values and the
re-evaiuatisn was made fer the limits of errer. Tuo exumples are
shown in Fig  11a and 11b fer twe medel distributions with ihe total

-t
pasticle numbers eof 1000 ang S0U em ~ 1)

Fig, 12 shows sn exasplc
of & aize distributisn with censiderable structyre, It is easy to
see ihat the errer i{ncCteases as we {0 to smaller radii and te leser
e-ntontéitiihl. Fig. 11 corresponos to 8 secticn of & natmal size
dxntrlbutlon with & aaximus tatween 10'6 and 10'5 ce radius, ss ab-

served in many csses ir psllutec or seaipolluted air, “onsidering

“thalerrers shown in the figures we sty conclu.e tiat the ceterminatien

1). The medel size distributien is sssumed tc drop to rere outside
the renge shown in figs, 1la, b and 12, '
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of sizs cdistributinons with eur large-is~ ceunter is reasenable deun
ts a tetal particle cencentratien of absut 500 cm-z. but net belew
this value, The ariginal aim to get belew the particle concentratien
of 300 cm's, which is assumed te be the average in the backgreund
aeresel, ceuld not be fully reached, 0f ceurse, in certain cases
when the aserosol is rather stable, sne can take s series of succes-
sive 3ize distributiers and thus increasse the reliability ef the

resulia,

Fa~r demer.3tratien; we give an example ef a wmeasurement and evalua-
tien befere shewing results frem different lecatians in the next
chapter, fFig. 13 is 8 cepy of the recorder strip chart, shewing ths
eluctremeter charging cutves (100 secends each) fer the series ef
driving voltages cercrespending to the size distribution channelas, se
given in lable 2, beginning with the highast voltage, Tha curves sre
pesitiened en ths churt by preper usa of the electromeler g@rounding
switch and zere acjustmgnt and of the cheil =-ivey ay &re contun.
trated en the chur( in order to have a compact racoru, Using the
effective capacity of { « 13,2 nicefarads (see Table 1), the sigd:l
veltages after 100 secours (averaged if the charging curves are irre-
gular), vs(:oq). give the isn currents

-1 Owp-§ V‘ (m’)

-z Ab.2 - 40
t Vel 184 4

Tne 1{t¥) curve is drewn (Fig. 14) in linesr scale, ususlay in three

'brunchoi with diffectent veltage scales to spread its iewer part, The

addi&l-nnl peint at 138Gy veits ahows that in this case satutatien is
pract{sally tesched st the uppet end af the cutve, In stiher canes,

_sems aers paints may he necessaty ataurd the uppet sng, KAt the und

of the seriss, the vilue m the higiic st veitage (zaoc velts) is te-

produced te ses whether the tetsl ien cencentratien has changed, if

the chanjes aru not teo serieus, the ien currents of the sefics can

be cerrected by linear interyelotion »itw time, Far the exaaple shown,
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the charnge was neglected., Now the erdinate sections are read in am-
peres accerding te Fig. 9b and the ien numbers A N of the channels
calculated accerding te (25). Fer the log-leg representation aof
An/ A (leg r) versus r these ion numbers must be multiplied by

1/leg 2 = 3,32, since the successive channels differ by facters of 2.

Uith these values the histegram ien size distribution is drawn en
leg-leg papsr (Fig. 15), and after applicatinn of the P(r) facters
of Tahlea 2 we ebtain the particle size distribution, Cerrectisns

fer multiple charges are net made in this example since no simul-
taneeus measurements uf particles abeve 1[)"5 cm radius were made;

en the ether hand, it may be negligible here since a considerable
decrease at large particles is indicated. It must be kept in mind
that the reliability ef this size distribution, besides the errors
ef measurement and svaluation, depends en the presence eof electrical
charge equilibrium as well as en the assumptiens used in the charge

distribution theery, as it has been discussed earlier.

-
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4, Some Results Obtained at Different Locations,

v
3
5
b

To test the applicability of our largs~ion counter for the determi-
nation of aercsol size distributions in more or less clean air, thrse

field trips were made with the instrument:

1.) August 17 to 25, 1967 on the "Schauinsland" peak, 1200 meters
above sea level, in the Black forest, Germany,

2.) October 16 to Novembar 2, 1967 on board the ressarch vessel
"Meteor", Bay of Biscay.

3.) March 1 to March 29, 1968 at the Observatory lzana, 2360 meters
above sea level, on Tenerife/Canary Islands, together with other
participants and equipment for aerosol and air chemistry measure-

ments.,

Trip 2 and 3 also served to obtain preparatory experiences for aero~
sol measurements during the Atlantic expedition 1969 of "Meteor",

Kesults from these locations are shown in Figs. 16 to 28 and will te
discussed below, Before doing this), some general remarks on the ree

presentations may be made.

The ion spectra (solid lines) anc aerosol spectra (broken lines)
shown are obtained in the manner cescribed in the preceding chapter,
The limits of error of the ion spectra given in the figures were de-
termined individually using the electrometer recordings. Oue to ths
influence of various factors, the errors can be larger than those

for optimum operational conditicns as estimated in chapter 3. for
steep decreases or "holes" of the spectra, sometimes only an upper
iinit can be given. The determination of the aeroscl spectrs from the
ion spectra depends on the agreement of the actual eleccrical charge
distribution and the thsoraetical sesquilibrium charge distribution used
for the evaluation., Since possible deviations between both are very
difficult to estimate, no errors are given for the aerosol size 1is=

tributions., The channel around the smallest ragius of 5.,10-7 cm is
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uncertain {see chapter 3) and, therefore, shown in brackets.

The reliability of the results is quite different for the different
locations, not only because of the different concentration levels,
but also bescause of the presence of various distyrbing factors. For
instance, aerosol fluctuations were not too serious at the Schauins-
land and on sea, but they were considerable at Izana. Line power con-
stancy, which is very essential for the instrument as pointed out in
chapter 2, was axcellent at Schauinsland and on the ship, but very
poor at Izaﬁa, where the power even could fail several times a day,
Uhile mechanical distyrbances were excluded at the mountain stations,
they were serious on board the ship, By small capacity variations of
the aspiration condenser, caused by the considerable accelerations
during roll and pitch, unsteady charging currents were generated so
that useful measurements usually were restricted to periods with wind
velocities below about 8 m/s, Fimpelly, the gold plating at the insu=-
lators, reducing the zero drift (see chapter 2), was not finished

prior to the last trip to Izana.

Besides the measurements with the large-ion counter, some additional
information was obtained by parallel determina*tion of the concentra-
tion of the condensation nuclei! At 21l three locations, a Scholz nu-
clei counter was used. At Izaﬁa, also an automatic nuclei counter
(KANTER 1969; see also JUNGE, CHAGNON, MANSON 1960) was used. 'he
corresponding nuclei concentrations are given in the individual fi-
gures, ‘oga’her with the total particle concentration obtained for
that part of the size distribution,:.covered by the ion cougter (bro-
ken line). For size distributions with the main maximum within the
size range of the ion counter, the two particle concentrations

should roughly agree, Due to the different methods used and the
difficulties of measuring ion spectra at low concentrations the agres-

1)

ment is only within a tactor of 2 or 3 in most cases .

1) On the average, the Scholz nuclei counter gives lower numbers.
Comparison with the automatic nuclei counter (KANTER 1969) seems
to support the low Scholx figures, which are most likely due to
come loss during counting.
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If a considerable fraction aof the particle size distribution or even
the maximum lies outside the range of the ion counter, the condensation

nuclei counter shkould, of course, give higher values. All our efforts

to improve the agreement further by making the ion counter more sen-

sitive and accurate were, however, not successful,

In the following some individual results from the three field trips

are discussed,

For the first trip we chose the "Schauinsland" peak in the Black Fo-
rest, which can be reached rather simply. Here the instrument was
operated at the measuring station of the "Deutsche Forschungsgemeinschaﬁt
The station is 1200 meters above sea level, about 80 meters below the

1)

station was often in clouds. Therefore, againsi the original plan the

summit . Because of fregquent rains and occasional thunderstorms, the
head unit of the ion counter had to be installed inside the building,
with the suction tube projecting 0.5 m through the wall in southern
direction, bince winds prevailed from SW, undisturbed air could be

expected in most cases.

The majority of the results were similar in character as shown by the
examples in Figs, 16 to 20, The méximum‘of the size distributions is
usually found near 13.10-6 cm radius, total concentrations = of the
sections shown - ranging hetween 1500 and 6000 particles per cms. In
most of these examples a secondary peak is indicated around :1.10-7 cm
radius, but the results in this range are too uncertain to draw any
coenclusions, During most msasurements on Schauinslard, the relative
humidity in the outside air was between 65 and 100%., In the example
of Fig. 19, taken directly after an intense rainfall, it was about

100% so that growth of particles may explain the somewha' di'farent
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1) Cortrection of the ion mobilities for the reduced air pressure uwas
gstimated to be unimportant in this case with respect to the errors
of measurement, so that it was neglected,
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shape of the spectrum. On several occasions, positive and negative
large~-ions were measured alternately. If course, it can not be ex=
'pactad that successive spectra, separated in time by about one hour,
are identical., But the material was not sufficient to recognize any

systematic difference between positive and negative large-ions.

The second trip was on board the "Meteor", in October 1967, to the
Bay of Biscay (cruise No. 11 of the "Meteor", especially intended
for instrumental tests, starting from the North Sea and passing the
English Channel). On this occasion, the function of the large-ion
counter on a ship and in maritime air was to be tested., The instru=-
ment was mounted in a special room on the radar deck, the air being
taken from a permanently installed air sampling system, about 17
meters above the sea surface. Ouring heavy sea no measurements uwere
possible due to capacity variations of the electrodes of the ion
counter causedby the ship movements; this was the case all the time
when passing the North Sea. At wind velocities below 8 m/s measure-~
ments wsre possible when the slectrometer charging time for every
ion current determination was increased from 100 seconds (sae chapter
3) to 300 seconds. This could be done without difficulty since asero-

sol fluctuations were not very large

Fig. 21 shows the first rasult which could be obtained, though in
semipolluted air in the English Channel near Dover. Over the open
sea in the Bay of B'scay, rather reliasble results (Figs 22 to 24)
were obtained when slowly c¢ruising around a7° N/7° W, about 300 km
off the nearest European coessts. Unfortunately, during this period
of relatively calm sea, easterly winds prevailed so that conditions
of pure maritime air were not encountered. The size distributions
in Figs. 22 to 24 show a somewhat asymmetrical maximum around 2 to
4.1!.'!'6 cm radius with a slowly increasing slope to smaller radii,
snd an apparently steep slope to larger sizes. Totsl particle con-
centrations were between 2000 and 4000 per cm3. The relative humidi-

ty during these measurements was between 80 and 85%.
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In a third field trip we finally attempted to perform measurements

in air masses which really were typical for undisturbed tropospheric
"background" conditiona, The fObservatory Izana on the Island of Tu-
nerife appeared to be a suitable place which was fairly easily acces-
sible., By courtesy of the Spanish National Meteorological Service
(Rir Ministery), a group of our institute could be stationed at the
observatory during March 1968 toc perfaorm aerosol and air chemistry
studies., The Observatory lzana is situated at 2360 m height above

sea level at 28.3° N/16.5° W, about 20 km NE of the central peak
(3800 m height) of the island, The distance to the African coast is
about 300 km, At times, the station is located above the trade wind
inversion (which may form between 1500 m and 2500 m), in which case
very clean air can be expected, During this time of the year NW winds

and clean maritime air masses prevail.

The reduced air pressure of about 750 mb at Izana required considerable
corrections concerning the ion mobilities and the air flow messure-
ments, The driving voltages, the air flow and the flow meter (rota=-
meter) calibration were changed in such a way that the ssme channel
subdivisions resulted for the ion and merosol spectra, Frequent
difficulties with line power reduced the number and accuracy of the
measurements, At times the total particle concentration was below

500 cm™> which is the lowsr limit for spplication of the large=ion
counter se alread)y pointed out in chapter 3, The lowest concentra=
tions determined by the tuo condensation nuclei counters were

130 cm~>.

The size distribution shown in tig, 25 was obtsined in a situstion

of a weak inversion between 2100 and 2600 meters with the station
being mostly in clouds. Tha height of the inversion layer, the nor-
therly winds and the relatively high particle concentrations suggest
some contamination from the island before the air has reached the ob=-
servatory. Comparison of this gize distribution” with ca,as of lower

concentrations (e.g. Fig. 2b and 27) suggests that in this case the
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contamination might be restricted to particles larger than about
4.1'21"6 cm radius.

Fig. 26 shows a case, where the observatory was above a strong inver=-

sion layer. The particle concentration is fairly characteristic of

“"clean tropospheriec air and already close to the limit of the ion

counter, But the aerosol and the weather were rather stable so that
four measurements could be made within four hours, resulting in a

fairly reliable distributiop. Fig. 27 shows a similar situation, ai-
though the total concentration was higher. Here the Jdistribution was

obtained by a single measurement, resulting in somewhat larger errors.

Finally, in Fig, 28 an aerusol size distribution is shown obtained

at Izana by combination of different methods of measurement sg that
the size range from 10.6 cm up to 10-2 cm radius is covered. The re-
sults asbove 10-5 cm radius were obtained by impactors and an optical
particle counter (JAENICKE 1968). The part below 10”5 cm radius

(l1ine <,=,<.=) represents the data of the large-ion counter, an aver-
age over three single spectra measured within three hours. The uweather
situyation was stablu with the inversion layer below the station,

The total particle concentration of about 800 cl'3 of our spectrum

ie lousr in this cass than the condensation nuclei concentration of
about 2000 cn's. This, as well as the shape of the left end of the
spectrum, suggests the presence of a considerable number of smaller
particles betwsen 107 cm and 107° ca radius.

These size distributions from Izana are the first ones available for
particles smaller than 10'5 ch radius under cisan air conditions.
Although the accuracy of the data and their nuaber leave much to be
desired they are of basic interest with respect to the origin of the
condensation nuclei in clean, unpolluted tropospheric asir masses.

If the tropospheric beckground sorosol repressnts aged aerosols

from continents and from polluted areas one would expect the maximum

of the distribution to be close to 10°5 ca radius, with particles
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around 1!]-6 cm and below @lmost missing (JUNGE and ABEL, 1965).

The few data at hand indicate already that this is apparently not
true, This points to the other alternative that even in clean air
there is always a production of rather small perticles and that the
total concentrations found in clean air represent equilibrium values
bestween production and destruction, e.g. coagulation., However, more

and better data are, no doubt, required to confirm thias.

e A s 5 it e e Al

It was not intended, and the material gathered until now is by no
means comprehensive snough, to investigate systemstic relationships
between the aerosol spectra and meteorolaogical conditions, e.g. air

masses, on a larger scale., The results cbtained can only be consider-

ed as random samples to demonstrate the capability and limitation of
the fon counter method particularly under clean air conditions. : .

S, Conclusions,

The result of our development was a large-ion countsr which can de-

termine atmospheric serosol sice distributions over the particle size
range of 1(.)'6 ca to 10'5 cm radius, at particle ndnber conce..trations
down to about S00 ce™>
tion nf the instrument is rather laborious and the sccureacy of ths !

o In this lower concentration rangs, the opera-

results still unsatisfactory, depending to a largs sxtent on the pre=-
sence or absunce of different environmental perturbations, the influen=- :
ce of which has been investigatsd, Ve think that the sensitivity we Ca
have reachad can not be imprtoved very such with the presently availa~ ?
ble technique, In order to obtain relisble information on the size |
distribution of tropospheric background asroscls the sensitivity has
to be improved by st least s factor of 5 and the reange has to be ex-
tended down to 10'7 ce radius, lon mobility messurements sre not ce-
pable to meest these requirements for bgsic and tschnologicsl rsasons.
Ue have now started efforts to resch this goal by using precision

PR

el

nuclei counters in connection with elesctricel denuders end diffuasion

chambers,
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Table 1, SIGNIFICANT GIMENSIONS AND DATA OF OPERATION OF THE
LARGE=ION COUNTER

length of cylindrical condenser 1l = 100 cm

(elecirical field section)

inner radius Py o= 2,65 cm

outer radius r, - 4,50 cnm -

ln(r‘/ri) = 0.529

air Fflow ¢ = 470 ca3/n

maximum voltage V = 2800 volts

for minimum critical mobility Kpin - 1.4.10-‘ caz/V. ,
. correspondirg to particle radius P o= 0.8.10°

saxisum electrical fiel strunght € = 2000 volta/cm

effective capacity of slectrore-

ter aystem C = 10,2 picofarads
viual perioo for current measute- f’
i sents by rate~of-charge ~einod t » 100 s
: ratio of eiectrometer current, I, L o ... (4°16 __asp
to concentration of sigly charged N v/ c.S
_Xoni. N1 ;
'lntulttnr hctting: 5 watts (' amp) such.
,!nblc 2y ﬁu§1;~&£ RiOl! CHANNL L CENTERS r, DRIVING VQLT&LES Ui:k
e 'm) FACTORS,
e viz)  e(r)
} oem : S velvs -
o 2.5.10"’_ T CwS -
o . ', !6-§ R | % - 0.0
2. w280 ' 5.5 ; S
e w0t s a.0 f IR
s, w0 o0 3oL ' ' SO
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9, List of Figures.

Fig., 1. Block diagram of the large-jion-counter. 1 damping vessel,

2 flexiblae metal tube (90 mm dia.), 3 air inlet, 4 aspira-
tion condenser and preamplifier unit, 5 flow rectifier,

6 small-ion filter, 7 receivirng electrode, 8 dxiving elec~
trode, 9 shielding~tyba, 10 heated insulators for reqceiving
alectrode, 11 high voltage insulators for driving electrode,
12 electromster line, 13 compensation electrode, 14 shorting
relay, 15 Cary 31 [V olectrometer preamplifier, 16 Gary 31
CV electrometsr main amplifier, 17 regorder mathan and
polarity reversal box, 18 potentiometer recorder (any,
0,..100 mYy or less), 19 blpwer (Siemens VSA 5), 20 flow
meter (Rota RHN G 1), 21 contro) wunit (ses Fia. 2), 22 DC
amplifier for compensation (frieseke u. Hopfnsr FH 408),

23 coupling condenser on input ¢f 22, 24 jnsulator bias
battery, 25 high voltage supply (Knott NSHV-3.5), 26 insu-
lator bias voltage source, 27 line voltage regulator {mag~
natic type, 500 wa’

Fig. 2.Circuit diagram of .-.e control unit. Connections (compare

Fig.

Fig.

Fio-

Fig.

Fig'

3.

5.

6.

7.

Fige 1): 1 from high voltage supply, 2 to driving electrode,
3 to coupling condenser on FH 408, 4 from output of FH 408,
5 to compensation elec.rode, 6 to zero adjustment circuit

in FH 408, 7 to heaters and shorting relay of head unit,

8 to shorting relay of FH 408, 9 to blower, 10 220 V AC
power input,

Principle of compensation of high voltage fluctuations dn
the ion counter.

High voltage coupling condenser, 1 highly insulated elactrods,
2 hi+n voltage electrode, 3 shield, 4 input of auxiliary
OC amplifier FH 408,

Effect of the damping vessel, The two curves are taken at
different times (since the apparatus had to be changed) so
that mesn value and individual fluctuations can not be com-
pared directly,

tlectrical mobility k of singly charged particles versus
particle radius r,

Khgrosol stationary electrical charge distribution calcula-
ted by BAUST (1966). N = total patticlo number concentra-
tion; N_ = uncharged particles, N_ (p = 1,2, ,.,) = charged
particles of one sign, Calculatodpfor positiva small ions
of mass 209 AMU (= 29 + 10 H 0), temperature 298° k.
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Figo

Figo

Figo

Fig.

Fig.

Fig.

Fig.
Fig.

Fig.

Flgo
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Fig.

10,

11,

12,

13,

14,

15'

16

21

25

28:
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Ratios N /N1 and factsr P(r) obtained from the aercsol
atatiana?y electrical charqge distribution calculatsd by
BAUST (1966).

Ion paths and current-voltage characteristics of integral
ion counter for different casses,

txample of a model size distribution with error caused by
using only one measuring point per channel of radii., The -
corresponging I(V) curve is part of a circle, is
obtained with the exact method, s..e..... with the simple
method (see text),

. . . . o+ ~-16
trror of a model size distribution, ceused by - 2,5.10
amperes absolute error of thgzion currents, for total par-
ticle numbers of (a) 1000 cm ~, (b) 500 cm ~.

txample of error of structured model size distribution,
caused by = 2.5.10 amperes absolute error of the ion
currents.

Example of measurement (Schauinsland 21.8.1967/15 h)s
record of ion currents.

Current-voltage curve from fig, 13,
/
Size distribution from Fig, 14,
to 20: Size distributions measured at "Schauinsland", Aug,
1967, ions (one sign), =cecee- particles.
to 24: Size distributions measured in the Bay of Biscay
on research vessel "Neteor", Oct, 1867, ions {(one

sign), =====m- particles.

to 27: Size distributions measured at I:zana/Tensrife, )

Mar, 1968. ions (one sign), ===-==~- particles.

Combined size distribution measursd at Izena/Tenerife,

23 Mar, 1968 by simultaneous use of r*fferent instruments.
Hart y=.=-.-.=- was obtained with the 1 :rge-ion counter, The
other parts were cbtained by R, JAKENICKE (1968) with follow=-
ing instruments: (inclined): tuo-stage jet impac=
tOr} seeeeset Optical particle countir "Royco"j ===w===: jet
impactor ; (stepped): free-air impactor.
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Figures to Part I,
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Schauinsland 19.8.1967 (ca. 20.00 - 2200h)
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Schauinsiand (1200m) 22.8.67 23h
wind SW 3 m/s
temp. 14 °C
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Schauinsland (1200m) 23.8.67 13h
wind NNW 25 ml/s
temp. 20 °C
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Schauinsland (1200m) 24.8.67 15h
wind =0
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Meteor (Biscay 470°N/76° W) 23.10.67 12hGMT
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Part IlI: Investigation of the Composition of Atmospheric
#yrcesol Particles by Mgasurement of particle
Grwoth gue to “bsorpticn of Water Vapor and

UOrganic Vapors,
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1 Introduction

In earlier studiss (WINKLER, 1969) we developed a method to measure
the humidity growth of aerosol particles by determining gravimetri-
cally the weight increase of an aerosol sample which is exj.osed to
different relative humidities, with this method we determined aerc-
sol growth curves in continental and maritime air masses. Except for
clear evidence of the presence of considerable amounts of sea salt
in oceanic air the growth curves were rather uniform ond smooth,
They also showed hysteresis for increasing and decreasing humidi-
ties In addition the question arose if and to what uxtent does
aerosol growth occcur if exposed tc organic vapors instead of water
vapor. The stucgy of this effect was expected to yive interesting
information on the content of the aerosols aof organic matter and

on the physical structure of naturuel aerosols. It was the urpose of
the work under this contract to obtair information on these prablems

in accordance with the statement of woark:

a) Vevelopment and refinument of & gravimetric method to study the
growth of artificial ard natural seroscls by absorbtion of water
vapor and seyural organic vapors in ofgur to obtein :nformaticn on

their chemical composition.

b) Perfomance <f muasutesments of naturfsl eefosoly unu t valfious
asteorclogical and geographicel conditions in ofder Lo obluin in-

formation on the average conposition of =etutal aera.ols,

Work was startwd cn point a} and the deveiopment and tefirement

of the mathours «as completed o0 a4 large extent. it turred aout that
xeasutement of growth curves of aerosols in crga-i¢ v.pors aprar.nte
ly sodifi~d the s.um, les so that this mettod .s not fuite undestruc-
tive as origninally sxpected, It furthe: Rurned put trat by cisse’ rs
the sane sam;: ¢ in a seguenc#s of walel and c-ganic sclvenl:. =ore any

faster inforrnatich coulc be oblaine” angd (orkequently this melhogd «as
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given the preference, since it was originally expected that the con-
tract might be extendec another year systematic fiesld measurements
iisted under point b} could not be performed so that this part of
the work is left uncompleted under this contract, The work is, houw=-

evar, continued by support from other sources,

2., Method of measurement,

2.1 Micro balancea,

For the present purpose a special micro balance was ceveloped on

the basis of a thin horizeonial elastic fiber fixed at one end and
used at the other end to put the sample on., The deflection of the
fiber as a measure of the weight is practicelly linear ana csn be

determined very accurately with a suitable microscope.

In oroer to measure growth curves of aerocsol sampies the elastic
tiber with the sample attached to the end is enclosed in s thermo-
stated metal case, through which air of known reiative numitidy or
organic vapor content is ventilated. AbsorPtion of walur of organic
solvent by the aefosol sample results in s weight increase which
sperosches eguilibrium after » certain time. Py increasing or decreas-
sing the relative vapor saturstion by small increments the absorp-
tior growth culfves of the serosol samples can be cetermined in doth
gitections,

The micto balance developed for out purfpose had a sensitivity of

A /ug per devisicn of the microstopic scsle, of swhich fractions

could bDe estimatexd, The range visible 10 the sicrosceps was about
100 ,ug: by adjusting the fiber in different po-itivas tha usuful
range could be extenced to about 1000 /Y9, wilh un;form sensitivity,

The asrosol sample is deiuosited on a skall and v . ry thin iece of

metal foil in order to keep the .eight Cf the sample carrier »s low

as possible ( ~ 0.¢ ®g), 'he weight of the avtosol sample is detere
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mined by the increase in weight of the foil after deposition. Ano-
ther weight similar to that of the foil is used to check possible

changes of the zero position of the balance.

Fige 1 shows a diagram of the balance, Twpo similar balances wsre
available, ons of which was constructed of material not affected
by organic vapors after ws found out that this was not the case for

the first balance used for water vapgor.,

2.2 Yariation of relative vapor saturation.

The air circulated through the balance is drawn through a battery
of a total of six metal bottles covered inside with blotting paper
and containing small amounts of t.ne solvent such as water, ether,
acetons etc., (Fig, 2). These bottles are kept at a carefully con-
trolled temperature by a cryostat. The vapor becames saturated
within the bottles and its pressure can be determined from chemical
tables, After leaving the bottles the air is passed through a pre-
heater into the balance kept _y a thermostat and by suitable inso-
lation at a constant, but higher temperature. The temperature dif-

ference cryostat-halance gives the relative vapor saturation,

The cycls through the cryostat bottles, the balance and the pump

is a closed one. tor studiers with organic vapors the air within

the cycle iu drief to exclude the influence of water vapor, The"dry
weight" of tho samples can be detsrmined by flushing the balance
with dried air.

With this arrangement the relative vapor saturation can be varied
betwsen 20% and 97%, For water vapor the error is less than 1%,
for srganic vapors it depends on the accuracy of the tables and is
smaller than 24.
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2,3 Rerosol sampling.

The samples are taken by means of a slit impactor which collects
particles > 1,1 /u radius. The aerosol is deposited on a small and
thin aluminium feil., The great advantage of impactors consists in
concentrating large amounts of aerosols on small surfaces, This makes
it possible to keep the foil small and the weight ratio of sample

to foil high, é

2.4 Calibration of the microbalance and accurgcy of the measure-

nent.

O\ £ bt e s it

p—

In accordance with CUNNINGHAM ancd WERNER (1949) the microbalance was
caiibrated by putting small amountg of a carefully prepared KNO3
solution b'* a micro burette on the metal foil, The salt residues

after drying were used for calibration,

The calibrations turned out to be completely linear in the range
used, The standart deviation for both balances was about 0,2 /ug,

the maximum errors were smaller than 0,5 /ug.

In order to avoid changes in the zero position dus to iMcomplete
elasticity of the fiber the lcad of the balance was always kept
approximately constant also if not in use. The aluminium foils %
used differed by not more than 10 /ug from their average weight.
Remaining small variations of the zero position can be eliminated,
because they appear to be reproducible, The zero position is deter-

mined before and after each measurement, by using a standart weight,

Another error in determining the weight increase m/mo (m = mass of

the sample at vapor pressurs, p, m, = mass of the sample for p =0)

can cccur in the determination of mo, if the sample at p = 0 is not
completely dried, m is determinad twice before and after the mea- 4

surements, If dirferences are cbserved the louest value for qs is ;

e i
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used,

2.5 Test of tha method by use of known salts,

_A very efficient way of testing the m&hod is by meaegring the,

growth curves of known salts, If tables are available for relative
vapor saturation as function of the concentration of a salt solution
the ratio m/mo can bs calculated and compared with measurements,

Fig. 3 shows that the agreement is good. With increasing humidity

the transition from crystal into a droplet occurs very sharptly at
the humidity of ths saturated solution. With decreasing humidity the
solution becomes suparsaturated and crystallisation occurs at a some-
what lower humidity. This branch of the curve is tims dependent and

not 'reproducible and will be discussed later (Section 4).

3, Studies of the shape of the growth curves with humidity of sam=-

ples of natural aerosols.

3,1 The problem,

Fig. 3 shows that the growth curve of a pure salt is characterized
by the critical relative humidity for the transition from crystal
into droplet, Frevious studies (WINKLER) of natural aerosol samples,
of which fig. 4 gives typical examples, showed rather smcoth curves,
except in maritime air masses, where the dominant Nall content from
sea salt results in a more or less pronounced growth rate near 75%
relative humidity, The character of the growth curves is therefore
quite different for natural aerosols and pure salts and the question
arises why this is so., Yesides this difference the total growth of
natural asrosols is alsp smaller than of pure salts, This latter
phenomenon was thought to be ceused by the presesnce of insoluble
metter according to the concept of mixed aerosols (JUNGE, 1952),

The decrease of total particle growth of atmospheric particles con-

sisting of a mixture of soluble and insoluble matter can be calcuy-

lated, but nothing is known about the mutual influence of the varie
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ous soluble and insoluble components and why such mixtures result

in smonthed curves as observed for natural aerosols.

From physico-chemical concepts it can be expected that there should
be considerable influence among the various ionic constituents in

a mixed solution on their solubility, Salts with the same ions will
influence each other according to the law of mass action. Bifferent
ions will effect each other through changes of the activity coef-
ficients, Because of lack of data it is practically impossible to
predict the behavior of a given ionic mixture, We decided, there-
fore, to run a number of te ts for mixtures of known composition

in order to sse, at least qualitatively, what effects might bs ex-
pected. In these studies we Tound two effects which tend to smooth
steps in growth curves, The more important one is due to the mutual
influence in solutility of different iong, the sacond one is connec-
ted with the presence of insoluble matter and is most likely caused

by absorbtion phenomena at its surgace.

3.2 Growth curves of polyionic mixtures,

Chemical analysis of the natural aerosol (JUNGE, 1963, JUNGE and
SCHEICH, 1967) have shown the presence of several ions, 6.9, Na+,
K‘, NH4+, 504=, CL-, N03-. Mixtures of these ions were prepared and
tested. We succeeded in obtalning growth ecurves which were similar
to those of the natural aerosols, The measurements indicats that
both the composition of the components and their number is impore

tant, A few examples will demonstrate this.

Fig, § shows o test in which the numbsr of components was stepwiase
increased. The composition of the salts was primarily chosen in
such a way that new ions were added, so that the influence of solue
bility products is strongly reduced. Ye see that curve d with five
components results in & curve very close to a» typical sxample of »
contirental . crosol,

o
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In these runs the total amount of soluble matter was measured at
relative humidities of less than 1% before and after each run, to
make sure that no loss of material occured due to possible escape

of ion combinations which resulted in volatile compcunds such as

WUl or NH3. It was, howevér, not testead, if some material éééaped,

vhile drying the sample for the first time,

The example in Fig, 5 shows that mixtures of ions can result in
both smooth growth curves and also considerable reduction of total
growth as compared with single salts, e.g. NaCl. The growth curves
of natural aerosols could, therefore, in principle be explained
without the praesence of insoluble matter. Since analysis shows that
considerable fractions of insoluble matter are present in natural
aerosols, it is most likely that both effects are involved to va-

rious degrees,

It is quite evident that the growtn curves of individual salts are
modified qualitatively and quantitatively by addition of other ions
and that the composite growth curves can not be obtainsd by any
simple additive procedure, except for high humidity according to
Raddlts Lauw,

Another example, of mutual influence between variocus ions is shoun
in Fig, 6. Curve a shows a mixture with the same number of compo-
nents as curve d in fFig, 5 but with a pronounced step at 69% rela-
tive humidity, Addition of HCl even incresses this step (curvs ¢),
but addition of H,S0, (curve b) modifies the growth curve consice-
rably. It should be mentioned that the mixture of curve a, Fig., 6

contuins salt combinations which, if being present alore, woyld be
soluble below 60%.
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Jo3 Mutual influence between soluble and insoluble matter,

In view of the fact that natural aerosols are always composed of a

mixture of scluble and insoluble matter (concept of mixed particles)

E we tested the mutual influence between threse components in artifi- H
& cial muxtures, Fig., 7 gives an example. Here we prepared mixtures
of NaCl with three different forms of 5102 which differ primarily !

in grain size, i.e, in the ratio of absorbing surface to mass. In !

the sample b the insofuble particles had radii between 08,1 and ‘

1 /um (grinded sand), in sample c between 0,01 and 0.05 /um (Aero-

gil) and in sample d the inner surface of the porous material {sili- {

cagel) was about 400 mz/g. The mixtures were prepared in such a man-

ner that the insoluble fraction was always about 65% of the total

weight of the sample. The data plotted in Fig. 7 give the amount of
water absorbed with reference to the weight of Nall so that the ?

curves reflect the influence of the insoluble matter on the solubi-

] i
i lity of NaCl, The curves do not show, therefore, the reduction of :
j the growth curves with reference to total weight which is the basis f

for previous calculations for mixed particles in the literature %

(see @.g. JUNGE, 1963),

The calculations of these reductions would be correct if the curves *

in Fig. 7 would be those of pure NaCl (curve a). But we see two

kinds deviation from these curves:

1 The curves of NaCl are smoothed by the presunce of 5102, curve b,
¢ and d.

2. The total water absorption of NaCl increases somewhat in the pre-
sence of 5102 and this effect is larger for larger sbsorption
surfaces, Curve e shows the growth curve for ailicagel without
NeCl indicating an absorption of about 653 of water at 95% rela=-
tive humidity., Comparison of the curves a,d, and @ shows that

growth of the system silicagel plus Nall is larger than the sum
of the individual effects.

L o L
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From Fig. 7 we can conclude that the presence of finely divided
inscluble matter in aerosol particles will not only reduce total
growth according to the concept of mixed particles but wili: modi-
fy the shape of the growth curves, of the soluble components, in
particular it will tend to smooth the growth curves of pure salts,
Similar results were obtained for other salts, e.g. for MgC12. The
same effect can be demonstrated for natural aerosols if the solu-
ble and insoluble fractions are seperated., This seperation can be
achieved by the following process: K droplet of very pure water is
run over the sample and transfered after a while on a seperate pla-
te and dried. Tnis is repeated several times to make sure that no
soluble matter is left with the aerosol sample. fig, 4 shouws grouwth
curves of the original sample and of the soluble and insoluble
fraction after seperation for three different aerospls. The mixture
absorbs more water than both components individually particularly

in the range between 30 and 70% relative humidity,

We can conclude from these experiments that the simple concept, by

which the growth curves of mired nuclei are calculated on a volume

basis, is only @ rough approximation. We cun in generul dist-inguish

three effects by which this concept is modified

1. Smoothing of grwoth curves due tc the presence of several diffe-
rent ions and the presence cf insoluble matter with absorbing
surfuces,

2., Reduction of totsl growth due to the presence of seversl different
ions.

3. Enhuncement of totsl growth due to intersction between soluble
and {nsoluble components.

Ue feel that at lesst gualitetively these sffects cun explsin the
shape and the amplituce of the growth curves of nutursl aerosols

in a sstisfactory way.
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we Studies of the hysteresis effect,

4,1 The problem,

In our previous studies of natural aerosols we found that the seme
sample contained less water for stepuise increised humidity than
for decreasing humidity, This effect wascalled hysteresis, It can

in principle be caused by several processes:

a) Condensatioq in pores of dry insoluble materisl, in case of our
aerosol samblas these pores csn be present in the aerosol par~
ticles prior to collection or they can be produced between the
serosol particles by collection in many layers in our imspactor i

samples,

b) Supersaturation of salt solutions are sssily formed with decres-
sing humidity in pure salt sclutions, resulting in hysteresis
below the critical humidity of the salt (humidity of the bulk
saturated solution), !

c) Spread of organic, water 1nsobublo materisl in our serosol sem-
ples due to the presence of such materisl in natursl serosols.
Such films would tend to decrease ths rats of waster cxchnngo.'
guring changes of humidity.

The effect a) is known for porous materisl (e.g. ADAMSON, 1967,

COMAN, 1944}, 1In case of process b) sny c) one would expect that

the effect decreases wi'h time of observsation., This time dependence
was found in experiments with pure salt sclutions for process b),

Our measursments indicated no time effect for natural uerosol semples,
We concludey therefore that in this cese hysteresis wos Gaused primg=
rily by the presence of pores in the samples leaving the question open
AT the pore: were present within the aerosol pa.ticles or were pro-
duced by ths collection process. We tented also the possidility ¢)

by adding to the samples organic matetrial ehich spresds ovet the

PRI
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surface of aqueous solutions (e.g., stearic acid) but we could not

produce reliable effects.

Ue resumed these studies of the hysteresis effect in the contex

‘oF the present bﬁ}k.

4,2 Hysteresis for seperated soluble and insoluble fractiens of

natural aerosocls.

Fig. 8 shour that hysteresis of natursl aerosols igf larger for the
composite sampls than for either the soluble or the insoluble frac-
tion. The insglubic¢ fraction should have preserved all the pores
present in the original sample, It is evident from the small hyste-
resis effect of the inscluble fraction that process a) is of minor
importance at least for our natural aerosol sam.les. The hysteresis
of the soluble fraction is larger than that of the inscluble fraction,
it is in general smaller, thaugh sometimes comparahble to the effect
of the original sample. These observations seem to indicate tha:
hysteresis mignt be enhanced by mutual influence between soluble
and insoluble matter. In order to test this sugqestion we made a
number of experiments with knoun substances unu mivtures.

A,3 Hysteresis of known materisls ond mixtures,

Fig. 9 shows hysteresis curvey of three insoludble msterials sith
different ratios of surface to mass, Wheress carbon blactk showss an
effect comparable to that of the insoluble fraction of ratura.
asrosols, both aernsil end particulatly sillicegel show 7ons! erable
offects, This is in agraement with findinrgs by COHAN (19a4 .

Fig. 10 shows weasurements of salt mistures with insoludle matter.
Nall shows & tigher hysteresis with silicagel (cutve b than with
grinded sand (cutve 8). he salt siviute alone (cutve c) shows no

hysteresis, but acdition of eero3il . .Ju-e: 4 definite effect




(curve d).
It is evident from all these measurements that the phenomenon is

guite complex, Insoluble matter of sufficient inner surface shouws

hysteresis apparently produced by capillary condensation, It louks

S DL e ot P Sy

as if this effect is not very important for natural aerosols, {i.e,
that the insoluble matter in natural aeroscls has not a very lerge
absorbing surface. Pure salt solutions may show hysieresis or not
depending on the possibility of supersaturation whici* in turn is

critically dependend on nucleation processes. There is evidencs i

that the hysteresis in our natural aerosol samples is primacily ;

3 produced by interaction between soluble and insoluble mai’‘er of
sufficient absorbtion capabilities. This suggests that the hyste-
resis which we observe with our samples is due to the aerosols

themsulves and not to the special way in which the samples are
collected. We could not obtain reproducible informastion on the in-
fluence of cil films, but we beiieve that this is of no grest ime

A . e

portance for our pres:nt problem,

O nemm o

S, Studies of the organic fraction in serosols,
S,1 Growth curves in organic vapors,

e A o

k. Ue started messurements of growth curves of aercsols in organic
vepor; because it was suggested thet this might be a usefuyl non

destructive metnod to study the composition of organic fractions
in serosols. Fig. 11 shows a Ffew exemples of such growth curvee
for natursl serosols, The totsl weight 1nnreﬁn¢‘su-lu to ba smaller
than with water vapor -hicnbc-ﬂ bs Gue to ihi following effects:

e) 'he density of organic liquid is smaller then one,
b) The soluble frection uf the lﬁrpiﬂl in the particulat solvent

is smsller than that in water, i t é
c) The solubility of the material in the particular sclvent is

[ AN 2

high, so that only small saounts of vepor are sbesorded,

P TN~ PP P gewsrm. o hpres e
S
L]

TR SN 1 i




- 54 =

The shape of the growth curves is similar to that for water vapor,
as expected, but the hysteresis effect is smaller, This small hyste-
resis effect seems to support the conclusion from the water vapor
results that capillary condensation in the insoluble, porous frac-
tion is of minor importance, {(theruise it should be of similar

magnitude when using organic vapors.

The possibility to use this method for non destructive analysis
depends on the complete reversitility of the absorbtion process

in various vapors. If this would be the case, one could expose the
seme sample to water and to a variety of organic vapoers in order

to obtain data on the mass fract.ion. of different groups of organic
components in the aercsol sample, In order to test the reversidbili-
ty of the absorbtion process the saume sample was exposed to wuter
vapor, acaton vapor and again water vapor., tig. 12 shous that the
second exposure to water vapor indicates less absorbtion than the
first exposure, suggesting some godificatiun of the sample with
tespsct tu water soluble matter, during the aceton exposure. Bee
cause of this effect and the airficuliy in quantitative interpre-
tation with respect to b) and c) above we absandoned this method.
Instead we dsvelo; ~d the “solution technique® which seems to Le
more straight forwatd end which ‘appears to work bstter ang faster.
‘oforl discussing this method we will duscribc sc e measurements

of mass decrease of serosol somples dus to heating,

5.2 Voletile material in asrosols.

Most fnorganic substences, which wure nhd-n to be present in natu-
Fel seroscls or which caun Ls expected to be present have negligi-
ble vapor presutes bwiuw adbout \uD C. Thete are many organic sube-
stances, on the other hand, which sre volative at auch lower ten-
peratures, GCETZ ang PR[lNlNG.(\962). collected merosol samplas

- in clean snd golluted air on chromium Foi1ls and hested them to SO -

70° L. By measuring the xx@ht stattered Ly these samples he found
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in most cases a considerable decrease after heating. Although it is
likely that this is due to evaporatior the -nssibility cannot be
excluded that other processses are involved :uch as microdestillation,
spread of particles on the surface etc, which can also result in »
gecrease of light scattering capabilities, The presence of lasrge
fracticns of some organic material in atmospheric aerosols was ne-

monstrated by their solubility in chloroform (GOETZ, 1964).

It was easy to test these interesting servations with our grevi-
metric method., We heated aerosol samples in steps up to 150° C

and determined the loss of weight. fig. 13 shows two typical exam-
ples., With increasing temperature increasing fractions of the sam-
ple evaporate, but in each ta-porathra step a certain equilibrium
value is reached indicating th.i always new components are invol-
ved when the temperature is raised, The weight losses are quite
lubstant1.1>but it is not certain if only organic materials are
involved, since at 150° C elso a few 1norgan1;~conpoundb such as
#H, Ll or (Nﬁ‘)zso‘ might decompose. The partial volatility of
weter soluble material of natural aerosols could be cemcnstrated

by measuring growth curves in water vapor before and after haatxhq.
Figs 14 shows examples of this effect, The sumple of 17.9.88 is the
sase in Fig. 13 snu 14, » decrease of aceton soluble mattrr by hea-
ting is demonstrated in Fig, 11, b, - '

These tests nuit be considered priliminary und niro g@rforrad P o 3
marily to ottsin a sutvey fof the varinus effects and the possidi-
lities of the method, It is appatent that these -ith;dn fay be qui-~
te suitslle to obtein interesting informetion on nthqsphcrld aero-
sols,

5,3 The soluticn methoed,

“rganic .ututences in asercsols sre of increasing interesrt i{n pollu-
ted (SAWICKI, '964, 196%; HUBIN, 1952) us weil as in unpolluted at-

P R A
.
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mospheres (WENDT, 1965, 19603 GOETZ, 1965). But our informafion on
these materials is up to now very scanty, We were tharefore inter-
gsted in developping a suitable method to obtain such information
,an a qqantigggiy% bag;s.,ﬁince gbsorbtion_mgasgigmqsts in various
vapors wsre not reproducible enough and too tedeous we tried an-
other method which proved to be more successful, In this "solution
mathod" the aerosol samples are exposed to various solvents in a
certain sequence and the losses in weight are measured. In each step
the exposure to the salvent is repeated in order to ensure that no
soluble material is left, In most cases we started with weter folloud
by organic solvents with increasing capability to disoclve organics
(€luotropic equence). This gives information on the presence of cer-
tain groups of organics present in the aerosols and on their mass

fraction,

An extension of this method consists in the collecticon of a number
of equal samples which are treated with the sams solvents but in
different sequences, This program is closely connected with another
one using thin layer chromatography of these aerosol samples. In
this way we hope to obtain a survey about the main groups of oroa-

nic substances in polluted and unpolluted aerosols,

An important requirement for a successful application of tha solu=-
tion method is that the individual solution steps do not remove

any insoluble material from the sample by the soluticn process.

To test this requirement always two identical samples were treatedin
the same way, The results are given in Table 1§ they show that the
requirement is satisfied. Ths deviations are smaller than &% of

the total mass, but can be reduced to about 2% by very careful work.,
Uith frections of the organic matter of about 15 - 30% in the aero-
sols it will be possible to obtein quantitative information by this
method, These tests were made with tetrahydrofuran which is a strang
solvent. Ye¢ have not yet made measurements with other solvents, but

we expect a similar behavior,
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Table 1, Tests for solution_method,

Total Mass = 100%. The first and the second figure refert tc the first

and the second impactor respectively. The numbers in parantheses

givs the sequence of extraction.

Water soluble Tetrahydro-furan- volatile insoluble
fraction soluble Fractiun.[ fraction fraction

1.1 29.7 31.3 (3) | 15.1 15.5 (1) 16.6 18.8 (2) 38.6 34.5

2.4 31.2 31,5 (2); 15.3 16.2 (1) - == 54,5 52.4

3.0 22,7 22.2 (3)| 0.3 0.2 (2) 24,0 24.9 (1) 53.0 53.0

a.} 28.0 28.0 (3)] 0.1 6.0 {2) 18.5 18.5 (1) 47.4 47,5

5.1 57,4 56.3 (1) | 8.1 7.7 (2) 1.4 0.0 (3) 33.2 36.0

6. | 44.1 45.0 (1) | 14.0 16.4 (2) 0.0 0.0 (3) 42.0 38.6

7.1 36,4 38.9 (2) | 23.1 22,5 (1) 1.5 1.7 (3) 37.0 37.0

8.0 59,3 56,0 (1)| 5.6 6.4 (2) 0.0 1.0 (3) 35.2 36.6

9. | 35.1 37.3 (2) | 27.2 27.4 (1) o o (3) 33.7 35.3

10.§ 35.0 3641 (2) ] 28.9 24.6 (1) 0 0 (3) 36,9 40.1
11, 152.3 50,3 (1) | B.4 7.3 (2) 3.0 3.9 (3) 36.3 36,8
12, | 38.4 37,5 (2)| 24.0 25.9 (1) 2,9 0.8 (3) 34,5 35,8
13.) 68.0 67.4 (1, 5.8 6.3 (2) ~— - ‘ 26,2 26.4
14.; §3,4 54,4 (1)1 15,0 16,1 (2) -— - 31.7 29,5
15, 1 37,4 38.4 (1) | 25.6 24,9 (2) - == 37.0 37.7
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6. Appendix.,

The solution method was First applied to check the dperatioﬁ QF
nozzle ifipactors used in the study to collect the aeroscl samples.
The cotlectian efficiency of such impaetors is generally increased
if the collection surface is coated with a stickv film of siiicon
oil\atct The study of growth curves, however, does not allow the
use of such materials, On the other hand the impactor is the only
collection method capable of concentr=ating a sufficient amount of
material on a small area sa that the weight ratio of sample to

collection plate becomes large encugh,

The experiments discussaed in the following are very preliminary
and shall only serve to demonstrate the kind of studies which can
be performed and the kind of results which can be expacted, Final

measuraments are in preparation.

The experimanis.are concerned with the collection efficiency of
impactors for natural aerrosols as a function of the relative humi=-

dity. In ore set of experiments we used two identical impactors in

*paréllel in front of which the air is passed through two tubes of

equal size, one of which was wet inside, The sample collected at
higher humidity ( > 75%) had approximately twice the mass of the
low humidity sample. (< 65%). This difference can not be explained
solely by the grouwth of the serposol particles dus to the increase
in humidity. It must be assumed that in adaition the collection
efficiency is increased due to the higher water content of the par-
ticles., In earlier studies we found that in general the collection
efficiency of natural aerosols is rather high on a plain surfacse

in an impactor if the relative humidity is above 70%.

The relative humidity of the two samples was also different, The dry
impactor showed a higher fraction of soluble matter, although the

absolute amount was still smaller than with the wet impector, The

G
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organic fractions were about the same in both samples,

In another set of experiments both impactors wers operated in

series, Comparison of the composition of the samples gives informa-
tion on the collection efficienciss of 1nsolubla and water soluble
material and on material soluble in various organic solvents, Use
of the dry and wet tube in this case gives additional information
on the dependance of the guantities on the relative humidity of the

air sampled. Preliminary experiments indicate considerable diffe-

rences for the different kind of material and pronounced variations .

with humidity,

To far as we see now there are three processes involved to producs

tnese effects of the humldlty:

a) growth of particles by humidity

b) preferred attachment of Wthr containing "moist" particles 7
c) better colléction efficiency bf the collecting surface after

Formation of the first layer of "moist" particles.
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8, List of Figures,

Fig, 1
Fige 2

Fig. 3

Fig. 4

Figs. 5

Fig. 6

Fige 7

Fig. 8

Schematic diagram of the microbaliance

Aparatus for vapor pressure variation and air circulation

through microbalance.

Growth curves of the pure salts NaCl, KCl, MgCl.. Compari-
2

son between calculated and measured curves,

Typical growth curves of continental natural aerosocls in

water vapor. The curves are rather smooth and show a oro=-

nounced hysteresis for decreasing relative humidity,

Growth curves of artificial poly-ionic mixtures. The follow-

ing table gives the composition of the sgveral mixtures

(in weight percent)

Na* * ! Ca’ K’[ €1” 'soa" N~
curve a | 24,4 9.7 ; i | 65.9
curve b | 7.3 | 2,90 19,1 | | ' 19,6 50.9
curve c | 5.1 | 2.0 13,3 | 7 13,1 | 35.6 | 23,0
curve d ' 4,4 ! 1,81 11,4 6 4 | a2 11.8 ! 40,7 119,.4
curve @ | average growth curve of natural aerosols

Growth curves of artificial poly-ionic mixtures, The follow=
ing table gives the composition of the several mixtures (in
wveight percent).

EN iNH4 t k* i €17 is0,” | S0, | CO,” 'Ch,c00”

! . ' } b om— :

! ! ] ) 1
curve a | 8.3 (10,3 19.4 [20,5 13,5 10,4, 6.3 [11.2
curve b | 7.0 | B.7 /16,5 |17.3 127.0 | 8.8 | 5.3 | 9.5
curve c | 4.9 ! 6,1 ¢ 11.6 .52, 8.1 6.2: 3.8 | 6.7

Growth curves of artificial mlxtutes of soluble and insoluble
materials. The insoluble fraction is ubout 65%., To show the
influence of the insoluble matter, the wutur absorbed by the
samples is related to Mos® the dry mass of the saltfraction,

curve a Growth curve of pure NaXl

curve b Growth curve of s mixture of 35% NaCl and 65% grine
ded sand (0.1< r < 1 )

curve ¢ Growth curve of @ m*x(jro of 35% NaCl and 64% Rerosil
(Aerosil = 5i0, 0.01< r < 0.05 /u

curve d Growth curve o? a mixture of 35.'Nafl and 65X porous
silicagel

curve o Growth curve of the silicagel fraction of sample d
allone

Growth curves ancd hysteresis of naturul aerosols and the

growth of the water soluble and insoluble frac'ions of the

same sample,

curve a natural mixture

curve b water soluble fraction

curve ¢ watur insoluble fraction
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9, Figuresg to Part II,
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