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| ONww: Michael Faraday (& William Whewell) ™"

Faraday, M. (1834) Experimental researches on electricity, 7th series.
Phil. Trans. R. Soc. (Lond.) 124, 77-122.

D_I SSOC! ation: S_vante Augus_t Arrhenius Arrhenius, S.A. (1884) Recherches sur la
Dissertatio Academiae Upsalensis.

(passed with fourth grade) (Ostwald in Uppsala August 1884) CondUCtI bl I Ité gal Vanl que deS él eCtrOIyteS 1_2
Stockholm. ii + 64; + 90 pp. + 1 plate.

Arrhenius, S. (1887) Ueber das

L eitungsvermogen . ) |
: Leitungsvermogen phosphorescirender Luft. 545
der phosphorescirenden L uft. g gen phosp 1f

Ann. Phys. 32, 545-572. 1I. Ueber das Leitungsvermbgen der phosphores-

ctrenden Luft; von Svante Arrhenius.

(Der schwedischen Academie der Wiss. mitgetheilt den 14. Sept. 1887.)
(Hierzu Taf. IV Fig. 1—8 )

1. Einleitung; Versuchsmethode.

Die Versuche, woriiber unten berichtet wird, sind im
physikalischen Institut der Universitit Wiirzburg wéhrend
des Wintersemesters 1886—1887 ausgefithrt. Fir die freund-
liche Unterstiitzung, welche mir dabei von Seiten des Vor-
standes dieses Instituts, Hrn. Prof. Friedrich Kohlrausch,
zu Theil geworden ist, erlaube ich mir hier meinen verbind-
NB: Noreferenceto Giese (1882)! lichsten Dank auszusprechen.




Giese, W: (1882) Experimentelle Beitrage zur Kenntniss

vom elektrischen Leitungsvermégen der Flammengase.

Ann. Phys. 17, 1-41 + 236-257 + 519-550. (95 pp.)

1882. ANNALEN A8 9.

DER PHYSIK UND CHEMIE.
NEUE FOLGE. BAND XVIL

L Experimentelle Beitriige zur Kenntniss vom
electrischen Leitungsvermdagen der Flammengase;
con W, Giese.

1) Withrend daselectrische Lieitungsvermogen der Flammen
in neuerer Zeit Gegenstand zahlreicher und eingehender Ar-
beiten gewesen ist, hat sich die Aufmerksamkeit der Ex-
perimentatoren nur in geringem Maase den I.eitungsvor-
giangen in der i{iber einer Flamme aufsteigenden Gassiule
zugewendet, die den (regenstand dieser Untersuchung bilden
werden.
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Rechts ist das Oberﬂilchemntegral gleich in ein Raum-
integral verwandelt. Bezeichnet w die Dichtigkeit der Gase,
so muss des stationiren Zustandes wegen wgydw fiir alle
durch den Faden gelegten Schnitte dw den gleichen Werth m
haben, sodass die linke Seite:
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wird. Beschriinkt man den Integrationsraum auf ein Faden-
element, so kommt:
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Falls K constant ist, lisst sich die Integration unmittel-
bar vollziehen, sie gibt:

) E_k




den Draht versetzt werden sollte. Es wird also eine rein
mechanische Ursache fir das Leitungsvermigen zu suchen
sein. Nun sind diejenigen Leiter. fiir welche man sich bis jetzt
die bestimmtesten Vorstellungen iiher den Mechanismus der
Leitung gebildet hat, die Electrolyten; man nimmt fiir sie
an'), dass es einzelne, schon vor Eintritt des electrischen
Vorganges im Electrolyten vorhandene Atome oder Atom-
gruppen, welche fiir sich keine geschlossenen Moleciile bil-
den, die_sogenannten Ionen seien, welche den Vorgang der
Stromleitung vermitteln, indem sie sich in Richtung der
Kraftlinien fortbewegen und dabei electrische Ladungen mit
sich fiihren. Im ersten Anschluss an diese Vorstellung soll
angenommen werden, dass auch in _den Gasen das Leitungs-
vermodgen an_das Vorhandensein von Jonen in_dem soeben
definirten® Sinne vebunden sei. Nach den herrschenden An-
schauungen iiber die Constitution der (Guse sollten sich Ionen
in jedem (sase schon bei gewdhnlicher Temperatur und
Atmosphiirendruck vorfinden, wenn_auch in_geringer Menge;
mit steigender Temperatur witchst ihre Zahl.  Speciell fir
atmosphiirische Luft wiirden wir nach den Ergebnissen der
8§ 54 und 55 anzunelimen haben, dass bei Temperaturen
unter 100" zu wenig lonen, d. h. einzelne Stickstoff- und
Sauerstoffutome vorhanden seien, um eine fiir unsere Appa-
rate wahrnehmbare Electricitittsleitung zu vermitteln, dass
aber hei Berithrung mit dem glithenden Dralit cine hinrei-
chende Anzahl Tonen durch Zertriommern von Moleciilen
gebildet wird, um merkliche Electricititsmengen leiten zu

1) Clausius, Pogg. Ann. 101, p. 345, 1857,
2) Die Definition weicht insofern von der iiblichen ab, als man unter
Tonen gewohnlich Bestandtheile eines Salzmoleciils versteht.
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Summary of the 19th century knowledge: Reven o mehods o
Thomson, J.J. (1898) Discharge of electricity through gases. Westminster. 20040531, page 05

STUDENTS OF THOMSON
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FIGURE 6.3.4 Counter in which air is blown

through grids:
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ATMOSPHERIC TONS S
Actually, the conductivity of the natural air was proved at first by Richmann 20040531, page 06
in St. Petersburg and exactly measured by Coulomb (1785) in Paris,

The mechanism of conductivity was not known this time.

Elster, J., Geitel, H. (1899) Uber die Existenz elektrischer lonen in der Atmosphére.
Terr. Magn. Atmos. Electr. 4, 315-329.

Ebert, H. (1901) Aspirationsapparat zur Gerdien, H. (1905) Demonstration eines Apparates
Bestimmung ded Ionengehalts der zur absoluten Messung der elektrischen Leitfahigkeit
Atmosphére. Phys. Z. 2, 662—664. der Luft. Phys. Z. 6, 800—801.
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FIGURE 100. Longitudinal section through a Gerdien

Q
I aspirator.

FIGURE 103, Schematic diagram
of the Ebert ion counter.
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CONTEMPORARY METHODS OF MEASUREMENT OF AIR ION MOBILITY DISTRIBUTION

Review of methods of

Cl aSS| fl Catl On air ion measurement
of methods 20040531, page 07
accor ding to:
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A forerunner:
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Fig. 1.8. Schematic diagram of the Tyndall-Powell four-gauze shutter method.




JW. Leonhardt et al.: A high resclution IMS..", IJIMS 3(200011,43-49, p, 44
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Figure 1:
The Lightweight Chemical Detector
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for Ion Mobility Spectrometry

3(2000)1

Official publication of the

International Society for lon Mobility Spectrometry
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Gary Alan Ficeman
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[ON MOBILITY
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INTEGRAL ASPIRATION CONDENSER Riecke, E. (1903) Beitrage zu Lehre von der

CVv eF L uftelektrizitdt. Ann. Phys. 12, 52-84.
|=—Z7ne & | =Fne b Z =-—>
& CV

—

lines on which @(k#)=0; —+ — « — . — entrance surface.

100 mm
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FIGURE 36.1. Measuring capacitor of the SAI-TGU-66 counter.
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FIGURE a6.5. Theee forma of the SAl=-TGU-00 counter (with cover reiloyod, L TRAES SLAEC, 1

Review of methods of
air ion measurement
20040531, page 12




Review of methods of
air ion measurement

20040531, page 13




Review of methods of
air ion measurement
20040531, page 14




DIFFERENTIAL ASPIRATION CONDENSERS Review of methods of

air ion measurement
20040531, page 15

).
- - -

—

FIGURE 7.1. Differential counter of the first order with a divided

electrode. FIGURE 7.3. Differential counter of the first order with a divided air

flow.
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YUNKER

Resulls

Preliminary mwasureaents using an electiometer of wensitivity 2000
mm per volt gave, for the natural positive ions, a mobility-specoum such
as shown in Figure 2. It is seen to include a hand of mobilities between
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FIRST MULTICHANNEL MOBILITY ANALYZER OF TARTU UNIVERSITY

Tammet, H.F., Jakobson, A.F. and Salm, J.J. (1973) Multi-channel automatic air ion spectrometer
(in Russian). Acta Comm. Univ. Tartu 320, 48—75.

TARTU RITKLIKU ULIKOOLI TOIMETISED

YUEHBIE 3AITHMCKH
TAPTYCKOI'O T'OCYIAPCTBEHHOI'O YHUBEPCUTETA

ACTA ET COMMENTATIONES UNIVERSITATIS TARTUENSIS
ALUSTATUD 1893.2 Vihik 320 Bsinyck OCHOBAHBI B 1893.r,

TARTU 1973 op. k8- 75

MUITICHANNEL AUTOMATIC SPECTROMETER OF AIR IONS
H. Tammet, A. Jakobson and J. Salm
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Small air ion spectrometer 1S, and the measuring
system. External dimensions of the spectrometer:
height 695 mm, diameter 122 mm.
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NEXT GENERATION (developed via EAS)

AlS

|s to be presented by Aadu Mirme




SINGLE-CHANNEL SCANNERS

Tammet, H.F., Hilpus, A.O., Sam, J.J. and Uts, E.J. (1977) An air ion spectrometer for the detection of some
admicturein air (in Russian). Acta Comm. Univ. Tartu 409, 84-88.
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THE CHANGE oOF MoBILITY OF THE PosITIVE IoN IN AIR WITH AGE.

By HENrRY A. ERIKSON.

AT the December, 1920, meeting! of the American Physical Society, the
writer reported results indicating that there is very little difference in the
mobility of the positive and negative ions in air if the mobility is measured.
immediately after the ions are formed but that after an interval of the order
of a second the mobilities assume the normal difference giving a ratio of 1.4.

The following is a report of the results ot a further investigation of this
effect.

(1921) Phys. Rev. 18, 100-101.
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BSM A Balanced Scanning M obility Analyzer 20040531, page 27

Filterstep 3.5
sheet 0.5,gap 3.0

Condenser width 260, HV electrode thickness 3.0
Collector size 32.4x170.6, gap 1.3

5
95.5

£C3 R1 _—cC1
v ——Co0 .||—_lL E
TC4 R2 —C2
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BSMA?Z2

h=46.0
dh=29 Width 240
d=05
k4
1] [ 1 | | | | [
0 10 20 80 90 133 150 202 223 255 260

|
290
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=+ Turbo Pascal 7.0
BSMAZD version HT20040482 scanning mobility distribution
Parameter Values of parameters
Time HH:MM 23:99 Pa: B0 ge:p01 pa:82 PB:B3
T = & 21.4 21.4 21.4 21.4 21.4
RH : % o0.2 00,2 00 .2 oB.2 o0, 2
p : mb 1621.6 1621 .6 1821 .6 1621 .6 1821.6
+— nolse —+ + 2 = A R o = J = + 2 =
Mobilityl Mobility fraction concentrations cm-3
0.018-0.024 45 a1 o4 a5 o1 az &7 99 09 89
0.024-0.032 43 81 £3 85 L0 85 41 83 51 18
0.032-0.042 39 62 43 13 40 7o 45 68 45 12
0.042-0.056 38 63 38 61 32 o8 36 ol 36 o9
0.056-0.075 = 03 28 o1 30 48 31 o1 30 o2
0.075-0.100 22 46 24 L 23 hi 21 L6 23 Li
0.100-0.133 18 45 21 43 21 34 21 38 20 39
0.133-0.1178 16 30 16 26 13 33 18 22 12 28
0.178-0.237 16 29 16 20 14 17 12 22 6 23
0.237-8.316 8 6 9 6 6 a A 16 2 9
0.316-0.422 -0 o 1 [ 1 3 —. 2 =3 10
0.422-0.562 5} g 1 [ 3 Y =] 6 3 5]
0.562-0.750 6o 12 68 11 68 12 70 16 69 8
0.750-1.000 117 17 122 16 122 20 123 21 123 20
1.000-1.334 200 a8 198 103 202 96 200 101 198 98
1.334-1.718 119 203 126 205 117 192 123 203 123 196
1.778-2.3171 27 151 31 149 31 152 32 156 28 153
2.311-3.162 =3 45 2 47 ) o0 i 49 ~2 22
Diameterl Size fraction concentrations cm-3
0.40-0.63 22 185 31 185 34 191 28 189 24 194
0.63-1.080 273 289 274 294 24 2717 278 291 2117 282
1.00-1.58 230 o6 237 o3 239 o7 240 o/ 240 o1
1.58-2.51 11 24 a 18 13 21 6 22 2 26
2.51-3.98 41 93 L6 84 o0 80 48 16 37 84
3.98-6.31 86 152 85 147 80 141 82 149 84 147
6.31-10.0 123 225 135 243 125 242 129 239 145 230
n—cluster 0225 226 241 31 246 022 D46 235 240 o728
Z—cluster 1.15 1.67 1.1 1.6 1.18 1.69 1.16 1.68 1.15 1.708
d-particle 6.0 5.8 6.0 6.0 9.9 6.0 6.0 6.0 6.3 5.9
Scan 16+ -28 -21 -17 -20 -18 -18 -19 =20 -19
B0:04:31 -21 -22 -21 = ) L
Balance: manual 54%, automatic 67%:; Power 23.7 V: Electrometer bias -0.2 mY
Diurnal files on (Ctrl+M turns off) EXIT = Ctrl+H
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JULY 15, 1929 PHYSICAL REVIEW VOLUME 34

THE DISTRIBUTION OF MOBILITIES OF IONS IN MOIST AIR*

By JoHN ZELENY
SLOANE PHYSICS LABORATORY, YALE UNIVERSITY

(Received March 22, 1929)

ABSTRACT
A search was made in undried air for groups of ions having different mobilities S 7 2kT
and no such distinct groups were found among ions two or more seconds after their — = MN—
formation. A critical study was made of the effects of diffusion upon the distribution Z eV
of ions moving in an electric field. Experimental results obtained for N, the volume
density of ions which after a time t are located at a distance r from the origin agree

fairly well with the theoretical formula

No =t lant

V=
N @xDiyie

?

where D is the coefficient of diffusion. The mobilities and the spreading of the ions
were measured by a modification of the author’s method in which ions passing be-
tween two concentric cylinders under an electric field are simultaneously carried
axially by a slow, non-turbulent current of air of known velocity. The ions entered

Loscertales, |.G. (1998) Drift differential mobility analyzer, J. Aerosol i, 29, 1117- 1139.



| GM A Inclined Grid Mobility Analyzer
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(could be recirculated to sheath
air)

Sheath air inlet >a

ADVANTAGES AND DISADVANTAGES OF A PLAIN IGMA
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Advantages. Disadvantages:
high mobility resolution, - one of the aerosol inlet or outlet is on high potential,
easy to keep plug air flow in the instrument, - loss on charged particles on attracting grid,
simple theoretical calculations, - driving voltage is not effectively used because the
calculated transfer function could be trusted beam of monomobile particles does not fill the space
without comparative calibration. between grids.
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Passage of ions of central mobility in an ideal modified IGMA.

Theionsin the outlet are collected by awell- deflector grid is connected to a RC circuit with a
insulated and shielded electrostatic filter powered time constant of about 4 s. The capacitor of this
by an internal battery and DC-DC converter. The circuit is quickly charged up to 6 kV and slowly

collector is connected to the ground through an discharged through the resistor with a period of
electrometric amplifier. Electrostatic shielding 20 s. This assures the logarithmical scanning of
from the high voltage deflector grid allows free mobility from the lowest to the highest value of
manipulation with mobility control voltage. The the mobility range during the 20 s period.

Tammet, H (2003). Method of inclined velocitiesin the air ion mobility analysis. Proceedings of the
12th International Conference on Atmospheric Electricity 1, Versailles, pp. 399-402.
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TRAJECTORIES OF IONS IN A MODIFIED IGMA egggfogseﬁ;;?gzt
(plug air flow is expected) |
7 : )% ,;«/;- ”/,-
Vi Y4 g
. Y, 4
Yy 83 / 4 =
,/’ -

Turbulent flow (e =10%), central mobility.

[ERY
o

Laminar flow, low mobility

e
——Laminar | ;%

Turbulent

1
i/\Q.\

Transfer %

i\
* *
J

d %

I 3
A
\

O FRLP NWDMOOUIO N OO

1
* A
s’ G
J \
{ %
* \
_:llllllss‘.‘/.;/’lllll Lt IIIIIIII.‘.V‘»6‘66||||I

0.8 0.9 1 11 1.2
Relative mobility

Transfer functions.



|IGMA without the external filter. IGMA (aside pandl off) with the external recirculation filter.
Size53 x 31 x 32 cm, mass 17.5 kg. Size 85 x 31 x 48 cm, mass 29 kg.
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A CONDENSATION NUCLEUS COUNTER (CNC) SENSITIVE
TO SINGLY CHARGED SUB-NANOMETER PARTICLES

M. Gamero-Castatio and J. Fernandez de la Mora®

Mechanicul Engineering Department, Yale University, Mew Haven, CT 06520-8286, LTS.A,

{Firse received |7 March 1925 and in fnad form 24 Seprember 1999) 5.0

—— = TEE
Abstract  The mixing-type particle size magnilier (PEM] of Okuyama e al. (1984, devorol. Son — =03
Technol. 3, 353-360) has mcently shown an ability to detect positively charged particlkes with 1 .
mobility diameters as small as 1.5 nm (%eto @ al, 1997, 8 Chem, Phys, 107, 1576-1585], well below 4.0 ME saeieeas B = 1025
thie sensitivity limit of 2.3 nm available in commerdal CHNCs, Gamero-Castaio (19959, Ph.DD. thesis, i
Yale University) has shown that the activation of even smaller partices is limited in this PSM by ¥ ——5 = 1131
homogeneous nueleation due to cooling of the saturatel dibutyl phthalate vapor stream before it
mixes with the agrmosol, This problem is overcome here by means of a reheater, whereby ions with 1 reaeenes § = 1331
mobilities fin air} higher than 2 em® ¥ 's ™! can be activated at supersaturations well below the a0 g = 1425
threshold for homogeneous nucleation. The critical supersaluration required 1o activate ions whose -

mobility exeeeds 078 cm® ¥V 's ! (mobility diameter smalker than 1.6 nmiis seen to be indepen-

dent of size, indicating that this instrument can detect arbitradly small icharged) particles. The
reheater makes it possible also to run the PSM at fairly small vapor low rates with essentially no
vapor loss, Varying the vapor low mte hence provides a rapid means to scan over the supersatura-
tion in the mixing region, and hence infer the particle dinmeter (o its charge) with the PSM alone.
Conpled to an optical detector this PSM constitutes a condensation nudens counter (CNCisuitable
for the analysis of charged sub-nanometer paicles, ions, as well as charged biomolecules and their
[ragments, with ellectively no lower sige limit. 40 2000 Elsevier Science Lid. All rights reserved

Arbdtrary units

03 0.4 0.5 06 0.vw 0.8
1/Z (Vsicm®)

Fig. 5 CNC zsignal versus inverse mobility for a solution of formamide containing subnanometer

ions of tetrumethyl ammonium. Each curve is fora dillerent PS8 supersatoration. Below a charac-

teristic ion diameter, the supersaturation required to grow ions into micron-drops beoomes
independent of ion sinc.



