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ABSTRACT

　　　　　This　thesis　concerns　with　aerosol　　formation　from　various

kinds　of　organic　gases, especially conditions　of　formation and

particle　size　distribution　under　several experimental　condi-

tions。

　　　　　The　wordaerosol　means the　state　in which　solid particles　or

liquid　droplets,　or　mixture　of　them are　floating　in ａ　certain

gas.　　There　are many kinds　of　aerosols　　in　nature,　e.g.　　dust

risen by wind, sea　spray, volcanic dust, rainy cloud, fog, etc。

　　　　　The　aerosols　which　take　their　origin　from vegetation are

estimated　to　reach　１／４　of　all　atmospheric　aerosols.　　　They are

organic　aerosol.　　Photochemical　smog, which　is　believed　to　take

its　origin　from human activities　such　as　exhaust　of　factories　and

automobiles　is　important　from　the　view　point　of　environmental

problems .　　They　are　believed　to be　more　or　less　concerned with

the　photochemical　aerosol　production　related　to　organic　com-

pounds。

　　　　　Aerosols　　include　many　interesting　subjects　from　the　view

points　of　physical　and chemical　studies.　　Especially　knowledge

about　the　aerosol　　formation　related　to　photochemical　processes

with　organic　compounds　are　limited ｙｅｔ。

　　　　　In　this　thesis,it　will　be　reported　that　many　kinds　of

organic　compounds　such　as　dichlorobenzene, pinene, etc. produce

aerosols　when･ exposed　to　ultraviolet　（ＵＶ）　radiation　of　wave-

lengths　shorter　丿han　about　３１０　nm　from　ａ deuterium lamp (Dg

lamp) .　　The　effective　wavelength　is　much　shorter　than　that　for

photochemical　smog.　　This　thesis　will　be　devoted　to　the　study
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about　these　organic　aerosols。

　　　　　These　compounds　can　be　classified according　to　whether・　they

produce　aerosol　or　not　when　exposed　to　the monochromatic　uv

radiation　from ａ KrF　exciraer　laser (λ=249　nm) or　exposed　to　ozone

in　the　absence　of uv　radiation.　The　compounds such　as　aniline,

phenol　and　a-pinene　are　active　with both　stimulations.　The　com-

pounds　such　as　dichlorobenzene　and　toluene　are　active　with　only

uv　radiation.　　The　compounds　such　as　benzoic　acid and camphene

are　inactive with　both　stimulations.　The　compound　is　not　　found

which　　is　active　with　only ozone.　　These　differences　are　discus-

ｓｅｄ。

　　　　　Next　the　temporal　change　in　the　particle　size　distribution

of　the　aerosol　produced　from　p-dichlorobenzene　by continuous

exposure　to uv　radiation with　wavelength　２２０　nm, with　power　den-

sity　about　ｌ mW/cm^　is　optically measured.　Two　laser　beams　with

different wavelengths　are　applied　into　the　aerosol　as　probes, and

the　dependence　of　the　scattered　light　intensity on　the　polariza-

tion　and　wavelength　are measured.　The measured dependence　are

compared with　the　theoretically calculated dependence, which are

given　by　assuming　the　size　distribution　function　which　has

several　adjustable　parameters.　These　parameters　are　adjusted so

that　　the　calculated　and　the　measured　dependence　give　good

agreement。

　　　　　As　ａ　result, most　probable　particle　size　distribution　is

obtained　at　each　sampling　time.　Based　on　its　temporal　change,

the　process　of　aerosol　growth　is　discussed　in detail.　First　many

particles　of　radii　smaller　than　０．１　μｍ　are　produced　homogene-

oualy.　　　The　peak　number　density　is　about ３×１０６　ｐａｒｔｉｃｌｅｓ／ｃｍ３・

Then　particles　grow mainly by　coalescence.　In　about　２０　minutes,
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the　stable　state　　is　established.　The　most　frequent　radius　is

０．２　μm,the　number　density　is　about ５×１０５　particles/cm and　the

total　volume　density　is　about １．５×１０４　μｍ３／ｃｍ３．　The　breadth　of

the　distribution　first　becomes　broader, but　becomes　narrower　as

coalescence　progresses, and at　the　stable　state, the　distribution

１Ｓ　near　monodisperse。

　　　　　By　using　the　same　technique, another　temporal　change　of　the

particle　size　distribution　is　studied, where, unlike　the　previous

measurement, the　aerosol　is　rapidly　produced by　brief　exposure　to

uv　radiation　from ａ　KrF　ｅχcimer　pulse　laser.　　The　condensable

species　are　produced　by applying　several　uv　light　pulses　from KrF

laser　at　the　beginning, then　the　temporal　change　of　the　particle

size　distribution　is　observed without　applying　any more　uv　　light

pulses。

　　　　　The　measured　size　distribution　is　largely　different　from

that　obtained　in　previous　experiment.　　The　sharpening　of　the

distribution　is　not　found.　The　distribution　is　developed　rapidly

in　the　　initial　brief　time (about　less　than　３０　sec), then　it　was

spread broadly and　its　wing　reached　the　radii　of　０．３　μｍ。

　　　　　The　aerosol　formation　ｅχperiments　using　ａ　fully　airtight

cell　　fi lied with　pure　argon (Ar) gas　are　also　performed　in　order

to　study　the　influence　of　surrounding　gas,　especially　oxygen

（０２）Ｉ　　on　aerosol formation.　P-dichlorobenzene　and　a-pinene　are

tested.　The　uv　light source　used　here　is　the D≪-lamp.

　　　　　In　both　cases, the　aerosol　production　is　observed.　　However

there　　is　ａ　significant　difference　as　follows.　In　the　absence　of

０　，ａ　large　amount　of　aerosol　is　produced　from　p-dichlorobenzene
　２　　　　　，

and　the　　products　are　fully　stable.　As　to　the　aerosol　formation

from　p-dichlorobeiizene, t･he　presence　of　０２　plays　no　　significant



ABSTRACT vii

role.　　０ｎ　the　other hand, the　aerosol　produced　from　a-pinene　in

the　absence　of　Ｏ２　　is not　stable ・　and disappears　soon. To

stabilize　　it, the　presence　of Ｏ２　in　the　surrounding　gas　is　ｉｎ‾

dispensable.　The　stability of　products　may be　caused　by　oxida-

tion。

　　　　　From　　the　　attempt　　to　　identify　the　products　by　gas-

chromatograph-mass-spectroscopy, two　kinds　of　pinene-monoxide, ａ－

campholene　aldehyde　and　iso-pinocamphene　are　found　in　　the

products　　from　a-pinene.　０ｎ　the　other　hand, the　constituents　of

products　from p-dichlorobenzene　is　not　identified。

　　　　　The　aerosol　producibility　of　p-dichlorobenzene　　is　much

higher　than　other　compounds.　　Then　in　order　to　study　the　in-

fluence　of　chlorine (Cl)　in　ａ　raw　material　molecule　on　the

aerosol　　formation,　　aerosol　　producibilities　　of　　kinds　of

chlorobenzenes　are　studied.　　The　result　is　as　　follows.　　The

aerosol　producibility　of　dichlorobenzene　is　the　highest.　Then

those　　of　mono-　　and　trichlorobenzene　　follow.　　The　　aerosol

producibilities　of　tetra-　and hexachlorobenzene　are　much　smaller

than　those　of　previous　three.　The　number　of Cl　in　ａmolecule

seems　not　to　correlate　the　aerosol　producibility.　　The　geometr-

ical　feature　of molecule may be more　dominant.
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１．１　　Aerosols

CHAPTER　1

GENERAL　INTRODUCTION

１

　　　　The　wordaerosol　means　the　state　in which　solid particies　or

liquid droplets, or mixture　of　them are　floating　in　ａ　certain　gas

as　shown　in Fig. 1.1.　Usually ａ　group　of　particles　whose　radii

are　from １０‾４　to　１０２　μｍ　iscalled　aerosol. Rainy　cloud, fog,

smoke　of　cigarette　etc. are　examples　of　aerosols.　There　are　many

kinds　of　aerosols　in nature, e.g.　　dust　risen by wind, sea　spray,

meteoric dust, volcanic　dust, dust　from　forest　fire, rainy cloud。

　　　　　　　　　　　　　　　　　　AEROSOL

PARTICLE

GAS

　　　　　　　　　　　　Fig. 1.1　　　The word aerosol means the state in

　　　　　　　　　　　　which small particles are floating in ａ certain

　　　　　　　　　　　　gas.

fog, haze　of　the mountain,　etc. as　shown　in　Fig. １．２．１゛７）

　　　　　　Since Went pointed out,〉it has　been believed　that　volatile

oils secreted　from plants　react with　ozone　and produce　aerosols.

Haze　over　ａ　forest　or ａ mountain　is　thought　to　be　one　of　such

ｏｒｇａｎｉｃ．ａｅｒｏｓｏｌｓ．９″１４）　The　aerosol which　takes　its　origin　from

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　●vegetation　is　estimated　to　reach　　１／４　of　　all　　atmospheric
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CHAPTER　１

aerosols.

３

On　the　other　hand, there　are　many　inorganic　aerosols

in nature　such　as　sea　spray, volcanic　ash I sandy dust, etc.
１）

　　　　　Some　of　natural　aerosols　are　produced by　mechanical　　forces

such　as　smashing　and others　are　produced　through　chemical　proces-

ses　such as　photochemical　　smog.　　　So　the　natural　aerosols　are

extremely diverse　from　both　view　points　of　origin　and con-

stituent。

　　　　　０ｎ　the　other　hand,　there　are　aerosols　which　have　their

origin　from human activity.‘Smoke　or　dust　from　industry or　traf-

fie　decreases visibility and threatens　ｏｕｒｈｅａｌｔｈ．３″１４）　Radioac-

tive　aerosol　from accident　of　nuclear　reactor　or　nuclear　ｅχplo-

sion　test are　recognized　as　　environmental　　problem.　　　The

photochemical　smog　is　also　believed　to　take　its　origin　from　ex-

haust　of　factories　and　ａｕｔｏｍｏｂｉｌｅｓ．１４゛１６）　That　ｉ８　an　annual

threat　in　summer。

　　　　　Recently　there　are　many attempts　to　utilize　various　aerosols

in　pharmacy,　medicine,　and　engineering.　　Spray of medicine　and

paint　are　popular。

　　　　　Ａclean　room　for　semiconductor　industry　or　laboratory hardly

hates　the　dust　such　as　aerosol.　In　this　field, the　technique　of

aerosol　handling　is　applied　to　monitor du3t　and　remove　ｉｔ。

　　　　　Fine　particles　of　submicron　size　have　large　surface　to

volume　ratio and　sometimes　show　high　chemical　activity　or　other

new　characteristics　which　cannot　be　expected　from　the　analogy of

the　characteristics　in bulk.　It　may not　be　suitable　to classify

the　　fine　particle　into　aerosols, for　the　word　fine　particle does

not　necessarily mean　the　state　of　particles　floating　in　ａ certain

gas.　　However, both　have　common　characteristics.　　They　are　ex-

pected　to　be　some　new material　in　the　ｎｅχｔ　generation
1
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　　　　　Cluster　is　ａ　group　of　ａnumber　of　atoms　or molecules, which

are　bound with　ａ　weak　ｆｏ･rce　such　as　van　der　Waals'　　force.

Cluster　　is　one　of　aerosols, and　its　beam　is　utilized as　ａ con-

venient　method to　transport materials　onto　ａ　substratum　such as

silicon　wafer.　This　may be　one　of　the　aerosol　application。

　　　　　As　　presented　above
I　aerosols　are　very　familiar　to　us.　In

addition, aerosols　include　many　interesting　subjects　　from　the

view　points　of　physical　and chemical studies. '　When　the　dia-

meter　of　aerosol　particle　becomes　comparable　with　the　mean　free

path　of　surrounding　gas　molecules, the　hydrodynamics　of　aerosol

becomes　very complex, for　the　size　of　particle　fall　in　the　range

where　　it　becomes　invalid　to　treat　the　surrounding　gas　as　con-

tinuous　medium。

　　　　　In　the　gravity, aerosols　are　generally unstable　because　of

the　gravitational　settling.　　However　the　life　time　of　the　sub-

micron　aerosol　particles　that　go　into　the　stratosphere　reaches

･more　than　years.　　The　stratospheric　aerosols　are　believed　to　be

concerned with　the ･ thermal　balance　of　the　earth　and　to　have　some

influences　upon‘ the　climate, for　instance, cold weather　caused by

eruption　of　ｖｏｌｃａｎ０．１″５）

　　　　　The　diffusion　of　aerosol　in　the　atmosphere　is　also　complex

problem.　Recently　the　invention　of　ａ　laser　radar　enable ｕ８　to

monitor　the　stratospheric　aerosol　continuously.　　In addition, the

technology　of　deep　space　exploration　such　as　Voyager Mission

enable　us　to　discuss　the　atmospheric　aerosols　on　the　planets　or

satellite　other　than　ｔｈｅｅａｒｔｈ．１７）Ａｓ　to　the　behavior　of　aerosols

on　the　　earth ｌ　and　the　　influence　upon　the　global　climate, the

researches　have　just　started。

　　　　　Since　the　size　of　aerosol　particles　become　comparable　with
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the　wavelengths　of　visible　light, the　characteristics　of　light

scattering　becomes　peculiar.　In　this　range, the　treatment　based

on　the　Rayleigh　scattering　becomes　　invalid and　the　treatment

based on　the　Mie　theory　is ｎｅｃｅｓｓａｒｙ．３゛４μ８″１９）ｌｆ　the　shape　of

particle　　is　not　sphere, problem becomes　more　complex.　　The　light

scattering　of　aerosol　in　the　air　　influence　the　visibility,　in

addition,　Is　believed　to　be　largely concerned　with　the　thermal

balance　of　the　earth　or　other　celestial　bodies　as　mentioned

before。

　　　　　Our　knowledge　about　those　various　features　of　aerosols　are

limited yet　in　spite　of　its　long　history of　studies.　Many　ques-

tions　remain　to　be　studied, for　instance, total　amount　of　aerosol

in nature, its　origin, constituent, physical　and chemical　proces-

ses　of　formation　and growth　(including　photochemical　processes,

gas-to-particle　conversion,　temporal　change　of　particle　size

distribution　　and　　its　driving　force,　etc. ),　hydrodynamical

behavior, light　scattering　characteristics
I
influence　upon　human

health　or　global　climate,　and　applicability　for　new material

engineering・

１．２　　Photochemical Aerosols

　　　　　Photochemical　aerosol　formation　is　one　of　themost　important

subjects　in　aerosol　・ studies ．　　　The　research　on　photochemical

aerosols　covers　from photochemical　smog, blue　haze　over　ａ　forest

or　ａmountaini stratospheric　aerosol　on　the　earth　and　other

planet　or　satellite, to　some　artificial　aerosols。

　　　　　The　sunlight　related　to　the　photochemical　smog(hereafter　we

will　consider　the　aerosol　on　the　earth〉ａｒｅ･ limited　in　visible

range.20.21)　Since　the　ultraviolet rays　in　solar　radiation　is　cut
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by　thick　air and　ozone　layer　at　upper　atmosphere 1 it　cannot　reach

so　lower　atmosphere　near　the　ground　level　as　to　contribute　to　the

photochemical　aerosol　　formation.　　In　this　respect,　nitrogen

ｄｉｏ°ｃｉｄｅ（ＮＯ２）ｉｓ　the　onlyabsorber at　the　lower atmosphere　relat-

ed　to　photochemical ｓｌｌｌｏｇ゛２１）　NO　is　included　in　exhaust　from

factories　and automobiles. NO　absorbs　the　light　of　visible

range　and dissociates.　　As　a result, O, ０３゛NO, NO3. Ｎ２０５　and

HNO　are　produced as

Ｎ０２

02

03

and

NOg

N2０5

＋　hu　　－一一〉　　Ｎ０，＋　０　　２９０くλく４３０ nm　, (1.1)

＋　○　　＋　　Ｍ ‾‾“〉　　０3

＋　NO,　’‾‾〉　　NO3　＋　０２　１

＋　NO　‾‾“〉 N2０5

＋　Ｈ２０　’‾’〉ト2HNO3
21〉

十 Ｍ　， (1.2)

(1.3)

(1.4)

(1.5)

If　the　atmosphere　contains　organic　compounds,　series　of　very

complicated reactions　take place,　and,　as　ａ resultタ　many kinds　of

radicals　or　active molecules　such　as ＣＯ゛Ｃ２Ｈ５ｊ　HCO,OH,　o. o　are

produced They attack･･organic　compounds　and produce　condensable

species　　of　low　vapor　　pressure,　　　leading　　to　　be　　aerosol

particles.
14）
In　addition,　if　the　atmosphere　includes　so ,　so.　is

oxidized　by　reactions　with　these　radicals, as　ａ　result, mist　of

sulfuric　acid　is　produced.　The　mist　of　sulfuric　acid　is　one　of

the　causes　of　pungency　of　photochemical　smog°　Ｓ０２　is　also　an

absorber　of　sunlight　other　than NOg　as　follows,

Ｓ０２　＋　ｈ１ノ　　ー－－〉

享
２
　
Ｏ
　
Ｓ
１

２９０くλく３３０nm , (1.6)



and

where

CHAPTER　１

1祠

‰;

‰;

　　so.

1叫

＋　Ｍ

＋　０２

４‘　０２

＋　Ｈ2

and
３

＋

－－－〉

Ｍ

拿
２
　
Ｏ
　
Ｓ
ら
Ｊ

－－－〉

‾‾‾〉　　S０3

Ｏ　－－－〉

本

＋

＋

HgSO^　゛

Ｍ

Ｓ０４

○

21〉

十 Ｍ

７

(1.7)

(1.8)

く1.9)

(1.10)

SOg　represent　the　excited　singlet　state　and　the

excited　triplet　state　of　S02　respectively.　The　photochemical

oxidation　of　SOg described above is, however, too　slow　to　con-

tribute　　in　production　of　sulfuric　acid. The　photooxidation　of

so. is　negligible　compared with　the　oxidation　by　the　reactions

with　　other radica］ﾌﾟｓ．２１）　This　　is　the　outline　that　has　been

recognized as　processes　of　photochemical　　smog so　far.
14,21,22)

However,　our　knowledge　is　limited　yet　about　the　constituents　of

organic　aerosols　produced　through　these　reactions, the　details　of

complex　photochemical　processes　including　organic　compounds,　the

mechanisms　of particle　growth, etc。

　　　　　The　haze　which　can　be　seen　over　ａ　forest　or　ａ mountain　is

called　”blue　haze” ．
８）

Its　blue　color　is　the　origin　of　the　name

"blue　mountain", which　is　popular　as　ａ　name　ofmountain　all　over

the　world.　Blue　haze　　is　believed　to　have　its　origin　from

terpenes,　volatile　oils　secreted　from plants.　Terpenes　quickly

react　with　ozone, where　ozone　is　produced photochemically　in　the

atmosphere.　　As　ａ　result,　ｏχides　of　low　vapor pressure　are

produced.　The　oxidized　terpenea　condense　and　form　chemically

stable　aerosols.　The　size　of　produced particles　are　smaller　than

the　wavelength　of　visible　light, so　that　they　strongly　scatter
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light　in blue　range, namely　they　ｌｏｏｋｂｌｕｅ．８ｓ11112）

　　　　　There　are　photochemical　aerosols　produced　artificially　in

laboratories ．18,23″29,46)　”Laser　snow”　is　one　of　the　aerosols

produced by　laser-induced photochemical　reactions.　　The　aerosol

is　produced　from the mixture　of　gaseous　alkali　and hydrogen under

the　exposure　to　the　laser beam　from ａ dye or　an　argon　ion　laser

(for　example,λ= 488.0　nm　for NaH　laser　snow) .　　The　product　has

been　identified as　alkali　hydride　crystalline particle. ''

　　　　　"Benzene　aerosol”　is　produced　from　the　vapor　of benzene

under　the　exposure　to　ultraviolet　rays　from　ａ　krypton　fluoride

excimer　　laser (KrF　laser,λ= 249　nm) .　　The　constituent　of　product

has　not　been　ｉｄｅｎｔｉｆｉｅｄ．２６゛２９）

　　　　　Many　experiments　have　been done　to　simulate　photochemical

smog.　　　In　many　types　of smog　chambers, kinds　of　compounds　have

been　tested under　the　　irradiation　of　sun　light　as　well　as

simulated　light　sources　such　as　ａ mercury lamp. '
１４ｊ１５タ30-37)

Today,　many　kinds　of　organic　and　inorganic　compounds are

recognized　as　causes　of　photochemical　smog, and　the　guides　in

controlling　air　pollution　are　established.　　　However,　　many

fundamental　questions　remain, the　constituent　of　products, espe-

cially　of　organic　products
1 details　of　photochemical　processesタ

mechanisms　of　aerosol　growth, ｅｔｃ･14)

　　　　　Recently　we　found　that　many kinds　of　organic　compounds　such

as　dichlorobenzene, pinene, etc. produce　aerosols　when　exposed to

ultraviolet　radiation (UV)　of　wavelengths　shorter　than　about

３１０　ｎｍ．３８″５１）　The　effective　wavelength　ｉ８　much　shorter　than　that

for photochemical　smog.　　In　the　case　of　photochemical　smog, light

in　the　visible　range　is　of　important.　The uv　radiation　with　such

short　wavelength　as　in　the　case　of　our　organic　aerosol　　formation
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cannot　reach　lower　atmosphere, for　the　thick　air　and　the　ozone

layer　cut　it　at　upper　atmosphere.　Therefore　our　organic　aerosols

have　many　new　features　which are　different　from　those　of

photochemical　　smog.　　This　　thesis　will　be　devoted　to　the　study

about　these　organic　aerosols。

　　　　　As　mentionedabove, various　kinds　of　photochemical　aerosols

are　known　and　studied.　　However, our　knowledge　about them are

limited yet.　There　are many problems　to　be　studied.　　This　work

alms　to　shed　light　on　ｓｏ‘me　subjects　of　aerosols　through　the

aerosol　produced　from　organic compounds　by uv　radiation.　We　hope

this　work will　be　an aid　in　aerosol　researches.

１．３　　Outline　of Present Work

　　　　　In　this　thesis, we　present　the　photochemical　aerosol　　forma-

tion　from　twenty kinds　of　organic　compounds　by uv　radiation.

　　　　　We　　first　discovered　the　phenomena by chance　when we　were

working　over　ａ hand-made　argon　ion laser(Ar　１ａｓｅｒ）．３８〉　Hating

that　dusts　in　the　air　across　the light　pass　of　the Ａｒ＋　laser, we

covered　the　light　pass　from the　Brewster　window　to　the　output

mirror　with　ａ　transparent　glass　tube.　In ａ　few minutes, a　large

amount　of　aerosol　was　produced　in　the　tube　(Fig.　1.3) .　　The

particles　scattered　the　laser　beam　strongly.　　The　photochemical

aerosol　formation ｗａｓ･not　induced　by　laser　emission,　for　the

aerosol　was　produced when　the　electric　discharge　occurredwithout

laser　　emission. The　aerosol　was　found　to　be　produced by　the　uv

radiation　from　the Ar discharge　tube.　The　material　origin　was

estimated　to be　ａ　small　amount　of　organic　compound　in　the　air　of

laboratory.　Since　the　discovery, we　have　tested various　organic

compounds‘，　mainly aromatics　and　terpenes, changing　the　uv　radia-
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Fig. 1.3　　　Experimental setup for aerosol　forma-

tion with ａ discharge tube of argon ion laser.

tion　source　from　the Ar discharge tube　to　ａdeuterium lamp　（Ｄ２‾

lamp) or　ａ KrF　excimer　laser.

　　　　Let　　us　　illustrate

５１）

the aerosol　　formation　　from　ｐ－

dichlorobenzene by UV radiation　from　ｔｈｅＤ２‾ｌａｍｐ‘　We　put　ａ　bit

of　p-dichlorobenzene,　which　is powder　of white　crystal　at　room

temperature
I at　ａ bottom　of　５０　cc

cylindrical　glass　cell,　for

example,　ａ　beaker (Fig.･ 1.4).　　Holding　the　mouth　of　the　cell　to

the window of　the Dg-lamp, which radiates　the　uv　radiation　of

continuous　spectrum　from　１８０　to　４００　nm　in wavelengths, we　turn

the　lamp　on.　　In ａ　few　seconds, white　smoke　appears　　in　the　the

cell.　　The　aerosol　formation　from p-dichlorobenzene　is　observed

in　this　ｗａｙ。

　　　　　Chapter　２　is　devoted　to　such　aerosol　formation　experiments,

where　we　use　two　kinds　of　uv　radiation sources,　the　Ｄ２‾１ａｍｐ．and

the　KrF　excimer　laser.　The　former　radiates　the　uv　light　with　ａ

continuous　　spectrum　from　about　　１８０　to　４００　nm.　　The　latter

radiates　the　monochromatic　uv　light with　wavelength　２４９　nm.　　In
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　　　　　　　　　　Fig.1.4　　　Experimental setup for aerosol　forma-

　　　　　　　　　　tionwith ａ deuterium lamp (D_-la°ｐ）゛

this　　experiment,　we　test more　than　twenty kinds　of　organic　com-

pounds, such　as　p-dichlorobenzene　and　a-pinene.　In　addition, we

study　the　aerosol　producibility　of　organic　compounds　when　they

react　with Ｏ３　in the　absence　of　uv　radiation.　　We　discuss pos-

sible　chemical　processes　to　produce　aerosols　in　the　different

experimental　situations　described　above。

　　　　　工ｎChapters　３　and　4, we　report　on　the　measurements　of　size

distribution　of　the　aerosol　produced　from p-dichlorobenzene　and

its　temporal　change.　　Our measurement　is　based on　the　wavelength-

and polarization-dependence　of　light　scattering　from　the　produced

aerosol　ｐａｒｔｉｃｌｅｓ．７１）

　　　　　InChapter　3, we　describe　at　　first on　the　principle　of

measurement　and　propose　　its　application　to　the　measurement　of

particle　size　distribution　of　　aerosol　　produced　　from　　ｐ－

dichlorobenzene　under　the　uv　irradiation　from　the Dg-lamp‘　Based

on　ｔｈｅ･measured　temporal　change　of　size　distribution, we discuss

the　processes　of　aerosol　growth　in　detail.　　In　Chapter　４， we
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present　　the　similar　measurements　of　size　distribution　of　aerosol

produced by uv　radiation　ｆｔヽom　the　KrF　laser.　We　apply uv　radia-

tion　pulses　from　the KrF　laser　only at　the　beginning, whereas　in

the　case　of Ｄ２‾１ａｍｐ″　the　uv　radiation　is continuously　applied.

Difference　between　these　cases　are　discussed.　The　raw material

of　aerosol　is　p-dichlorobenzene　in both　measurements。

　　　　　In　Chapter　５，　we　attempt　several　experiments　　to　study

various　properties　of　the　aerosol　and　its　formation.　Using　an

airtight　cell, we　try　to　produce　aerosol　in　pure　Ar　gas, which　is

aiming　to make clear　the　role　of O2　in　the　photochemical proces-

ses.　We　test　both　p-dichlorobenzene　and　a-pinene。

　　　　　We　also　try　to　identify　the　constituents　of　product　by　gas-

chromatograph-mass-spectroscopy　and　infrared-spectroseopy.　　　In

addition,　the　differences　of　aerosol　formations　from mono-, di-,

tri-, tetra-　and ｈｅχachlorobenzene　are　discussed。

　　　　　Chapter　６　is　devoted　to　the　general　conclusions.　　We　will

summarize　the　present　work.
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PHOTOCHEMICAL ABROSOL FORMATION FROM ORGANIC GASBS

２．１　　Introduction

１３

　　　　　Ａ　large　part　of　aerosols　in　the　atmosphere　is　believed　to

take　ｉｔｓ・origin　from vegetation.
１）
Organic　compounds　such　as

terpenes,　which　are　the　volatile　oils　secreted　from plants,

produce　aerosols　by　reactions　　with　　ozone　　（０３〉　　in　　the

.^9-12,14,39〉　The
haze　over　ａ　forest　or ａ mountain　is　believed

to be　produced　in　this　way.　　０ｎ　the　other　hand, the　aerosols　that

take　their　origin　from　the　petroleum　industry are　important　　from

the　view　of　environmental problem. １４″１６〉 Organic　compounds　such

as　aromatics　are　believed　to　contribute　largely　to　the　outdoor

photochemical　smog.　　Contrary　to　the　case　of　terpenes, aromatics

are　generally　low　reactive ｗｉｔｈｏｚｏｎｅ．１４゛４０゛４１）

　　　　　In　this　way,the　organic　aerosol　formation　is　known　to　play

an　important　role･　in　the　outdoor　photochemical　smog.　　However

there　are　sill　many problems　to　be　researched:　　constituents　of

products, physical　and chemical, especially photochemical　proces-

ses　of　aerosol　formation and　growth, influence　on visibility and

human　health, etc。

　　　　　In　this　chapter, we　show　that　twenty kinds　of　organic　gases

such　　as　p-dichlorobenzene　(aromatic)　or　a-pinene　{terpene)

produce　aerosol　in　the　air　under　the　exposure　to　the　ultraviolet

（ＵＶ）　radiation.〉　The　aerosol　　formation　from　such　gases　can

easily be　observed even　inａ very　simple　setup, as　mentioned　in

Sec.　１．３　(Fig.　1.4),　whichconsists of ａ beaker and ａ deuterium
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lamp (Dg-lamp)　emitting　the　UV radiation　with　ａ　continuous

spectrum of　wavelength　from　１８０　to　４００　nm.　The　raw material ， for

example　ａ　small　amount　of　powder　of　p-dichlorobenzenet is　put　in

the beaker, then　it　is　sealed　roughly with　the window of　the　Ｄ　－　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　２

lamp.　　　In　ａ　few　seconds　after　the　switch-on, one　may　find　the

appearance　of　white　smoke　in　the　beaker.　When　some　visible　laser

beam　such　as　ａ　helium neon　laser (He-Ne　laser)　is　applied,　the

strong　light　scattering　from produced particles　is　observed.

　　　　　Though　the　effective　wavelength　to produce　the　aerosol　is

different　ａ　little　for　each　compound, the　compound which　produce

aerosol　by　the　uv　radiation with wavelengths　longer　than　about

３１０　nm　is　not　found　so　far.　The　uv　radiation　with　wavelengths

shorter　　than　about　３１０　nm　is　essential　to　produce　the　aerosol.

These　wavelengths　are　much ･shorter　than　in　the　case　of　lower

atmospheric　photochemica:Ｌ　ａｅｒｏｓｏ１．5j20121″４２）Ｔｈｅ　uv　radiation　of

such　short　wavelengths　　in　the　solar　radiation　cannot　reach　the

lower　atmosphere　near　the　ground　level　because　of　the　absorption

at　upper　atmosphere.

　　　　　The　Ｄ２‾１ａｍｐ　we　used as　ａ uv　radiation　source　radiates　con-

tinuous　spectrum　from　１８０　to　４００　nm　in　wavelengths,　which　can

excite　　and/or　dissociate　the　organic　molecules　and also　produce

ozone　from　the　air　as　well.　Both　of　these　processes　can　con-

tribute　to　the　aerosol　formation.　To　separate　these　two　effects,

we　used　ａ　krypton　fluoride　excimer　pulse　laser (KrF　laser)

operated at　the　wavelength　２４９　nm, which　is　too　long　to　produce

ozone, whereas　it　can　excite　organic　molecules.　We　found　ｓｉχteen

kinds　of　organic compounds　of　the　twenty produce　aerosol　by　the

KrF　laser.

　　　　　On　the　other　hand, it　is　known　that　organic　compounds　such
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as

ozone.

a-pmene produce

8,9,14,35,39,43)

aerosol

１５

by　　　reaction　　　with

To　make　clearer　roles　of　ozone,　we　also

studied　the　aerosol　productions　from　organic　gases　by　the　reac-

tion with　ozone　in　the　absence　of uv　light.

　　　　　Two　types　of　laser-induced　aerosol　　formations　have　been

reported　so　far:　”Laser　Snow"　and　”Benzene　Aerosol” ．．　The　Laser

Snow　is　the　particles　produced when　the　alkali-metal　atoms　and

molecules　mixed with hydrogen　gas　are　exited by ａ dye　or an Argon

ion　laser.　　The　product　has　been　identified as　alkali　hydride

ｃｒｙｓｔａｌｌｉｎｅｐａｒｔｉｃｌｅ．１８゛２３″２５）　Benzene　Aerosol　isproduced　from

the　vapor　of benzene　under　the　exposure　to　the uv　radiation　from

ａ KrF　excimer　laser.　The　constituent　of　product　has　not　been

identified　so far 26-29)　Benzene　Aerosol may ｂｅ･largely concerned

with　our　organic　aerosol.

２．２　　Aerosol　Production Experiments with

　　　　　　UltravioletRadiation　and Ozone

2.2.1　Aerosol　Formation with Ultraviolet Radiation

　　　　　The　　organic　compounds　　that　we　studied are　listed　ｉ１１

Table　１．　They belong　to　aromatics,　cycloalkanes　or　terpenes・

The compounds marked with　本　in Table　ｌ　are　those known　to be more

or　less　concerned　with　the　origin　of　the　outdoor　photochemical

smog.　　The　photochemic‘al　aerosol　formations　from　the　gases　con-

taining　　those　compounds　are　observed so　far　in　several　smog

chamber　experiments.9.13,14.35,40,41)

　　　　　The　experimental　setup　is　shown　in　Fig. 2.1.　We　put　ａ　few

bits　　of　or　ａ　few droplets　of　the　compound　in　the　cell.　The　cell

was　ｌｘ２×４．５　cm　indimension　and made　of quartz which　was　　tran-

sparent　to　uv　radiation　of　wavelengths　longer　than　１８０　nm.　It
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Fig. 2.1　　　Experimental setup for photochemical

aerosol formation by ultraviolet (UV) radiation・

(a) Transmittance characteristics of UV-cut

filters (1～5) used to determine the threshold

wavelength of uv light in photochemical aerosol

formation I and (b) spectra of radiations of two uv

light sources, the deuterium lamp (Dg-lamp) and

the krypton fluoride excimer laser (KrF laser) .
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was　filled with　clean　and　par tide-free　air　at　　ｌ　atm,　at　room

temperature。

　　　　　We　used　two　uv radiation　sources.　One　was　a Dg-lamp with

５　cm　indiameter, which　radiates　the　uv　light with　ａ　continuous

spectrum　　from　　１８０　　to　４００　nm　in　wavelength　as　shown　in

Fig.　2.Kb).　　The　total　power density was　about　200 mW/cm^　at　the

position　of　the　cell.　The　other was　ａ　pulsed　KrF　laser　which

radiates　monochromatic　light　with　wavelength　２４９　nm as　shown　in

Fig.　2.1(b) .　　The　power density was　about　１００　mJ/cm“　per　ａ　pulse

at　the　position　of　the cell.

　　　　　The　formation　of　aerosol　was　detected by monitoring　the

light　scattering　of　ａ He-Ne　laser.　In　the　case　of　the　Ｄ　-lamp,

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　．　　　　　゜２

we　applied　the　uv　light　to　the　cell　for　ａ　few minutes, and

observed whether　aerosol　was　produced　or　not.　In　the　case　of　the

KrF　laser, we　applied　the　several　uv　light　pulses　and observed.

　　　　　Inserting　UV-cut　filters　of different　cutoffs　between　the

Dg-lamp　and　the　cell, we determined　the longer　limit　of　the uv

radiation　wavelengths　effective　　in　producing　aerosol.　　　The

filters　used here had　their cutoff wavelengths　at　220, 250, 270,

２９０　and　３１０　nm　respectively as　shown　in　Fig.　2.1(a).

2.2.2 Aerosol　Formation with Ozone

　　　　　inthe Absence of Ultraviolet Radiation

　　　　To　study　the　reaction　of　each　compound　with　ozone　in　the

absence　of uv　light、we　performed　the　additional　experiments　with

ａ　setup　shown　in Fig.　2.2.　Ozone　was　produced by　the　electrical

discharge in the flov゛of oxygen (O^),　then　it　was　led　into　　the

cell、which　contains　one　of　the　compounds.　The. cell was　carefully

isolated　from　the　uv　radiation　due　to　the　discharge.　　Then we
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Fig.　２．２　　　Experimentalsetup to study the activ-

ity of each compound with ozone･ Ozone is produced

by gaseous discharge・

observed. whether　the　aerosol　was　produced　or　not.

２．３　　Experimental Results

　　　　　The　experimental　results　are　shown　in　Table　2.1.　　１ｎ　the

case　of　the　Dg-lamp,　all of　the　tested　compounds　produce

aerosol.　　Among　these　compounds,　　benzoic　　acid,　　diphenyli

cyclohexane,　camphene　and camphor　do　not　produce　aerosol　in　the

case　of　the　KrF　laser.　　As　to　the　experiments　with　ozone,

aniline,　phenol　and　styrene　in aromatics　and　α－　and　β-pinene,

isoprene　and　limonene　in　terpenes　produce　aerosol　by　reaction

with　ozone　in　the　absence　of uv　light.

　　　　　The　value　λth　inTable　２°１　represents threshold wavelength,

i.e.　the　radiation with　wavelength　longer　than　　λth　does　not

contribute　to　aerosol　production.　The　cutoff　characteristics　of
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AROMATICS

an 11ine

pheno 1

　　　　　　　＊s tyrene

benzene

chlorobenzene

0-dlchlorobenzene

ｍ－

ｐ一
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toluene

ｘｙｌｅｎｅ＊
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eyelohexane
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　＊β－
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caniphene
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＊

本

冰

^g"5^"2

b b

Ｃ６Ｈ５ＣＨ°CHg

^g"g

C3H5C1

C H Cl2

^io"8

S"5C"3

Ｃ６Ｈ４（ＣＨ３）

C-HcCOOH

6 5 6 5

^g"i2

^10"lG

S"8

^io"l6

^10"lG

Cl0"lG°

２

Ｄ２‾

lamp

○
　
○
　
○
　
○
　
○
　
○
　
○
　
○
　
○
　
○
　
○
　
○
　
○

○

○
　
○
　
○
　
○
　
○
　
○

KrF-　ozone

laser

○
　
○
　
○
　
○
　
○
　
○
　
○
　
○
　
○
　
○
　
○
　
×
×

×

○
　
○
　
○
　
○
　
×
　
×

○
　
○
　
○
　
×
　
×
　
×
　
×
×
　
×
　
×
　
×
　
×
×

×

○
　
○
　
○
　
○
　
×
　
×

λth

Cnm)

310

250

310

310

290

27０

310

27０

220

25０

250

22０

220

２２０

310

250

250

２50

220

２２０

19

○・・・・・・・・・．　aeroso1　observed

χ．・・・・・．　no　aeroso 1　observed

Table ２．１　　Rawmaterials of organic aerosols. The

compounds marked with * are believed to be more or

less concerned　with photochemical smog 。１４）
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UV-cut　filters　used to determine　the　threshold wavelength　λth are

not　sharp　so　that　there　remains　the　uncertainty　of　the　threshold

value　　λｔｈ’　Howeverwe　know that　the　radiation　of wavelengths　at

least　shorter　than　about　３１０　nm　is　　indispensable　　for　aerosol

production and the value　of λth　is　dependent　on　the　compound°

　　２．４　　Discussionsand Conclusions

　　　　　Ａ１１　　the　tested compounds　produce　aerosol　under　the　exposure

to　the　uv　radiation　from the Ｄ２‾１ａｍｐ゛　Many　other　compounds　are

expected　to　produce　aerosol　under　the　similar　conditions。

　　　　　The　　spectrum of　the　uv　radiation　from　ｔｈｅＤ２’１ａｍｐ　spreads

continuously　from　１８０　ｔ０　４００　nm　in wavelength.　Many　of　organic

compounds　have　their　absorption bands　in　this　range, so　they are

expected　to be　excited　or　dissociated by　the　uv　radiation　from

the Ｄ２　lamp;

　　　　　χ　＋　hv　－一一〉　χ゛，　　　　　　　　　　　　　　　　　　　　　　　　　　(2.1)

where　ｘ　represents the　organic molecule, and X　represents　its

excited molecule.　As　ａ　result　of　the　reaction above,　ａ　certain

condensable　molecule X' is　produced by　the　reaction with　another

molecule　or by dissociation;

Ｘ末
・・・〉　χ゛

Then X' is　condensed　to be　aerosol;

(2.2)

　　　　　（ｘｌ）ｎ　　　　”’〉　aerosol　°’ (2.3)

Let　us　call　the　process　of　this　type　． ”the　process　related　to

light　absorption” ．･

　　　　　Under　our　experimental　conditions, there　are　some　possible

uv　absorbers　in　addition　to　organic compounds, e.g°　ｏｘｙｇｅｎ（０２）゛
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nitrogen (N-)≫　water (HgO)　and　carbon dioxide (COg) in　the　air.

These　molecules　are known to absorb　the　radiation with　wave-

length　shorter　than　about　２５０　nmand dissociate:

02

and

＋　ｈリ　ー－－〉　○　＋　○ λく２４２　nm,

Ｈ２０　＋　hv　‾’‾〉　○．　’１　０Ｈ　　　　λく２４２　nro,

COg　＋　hu　－一一〉　CO　＋　o λく２２８　nm

(2.4)

(2.5)

(2.6)

With respect to nitrogen (Ng)i　the ゛゛avelengths of　the　radiation

from　the　Ｄ２‾１ａｍｐare　too　long to　dissociate　ｉｔ。

　　　　　The　radicals　produced　in　reactions (2.4)～(2.6) may　react

with　organic molecules　studied here　and produce　some　condensable

species.　　Especially　we　pay　attention　to　the　reaction (2.4),

which　leads　to　the production of　ozone (Og).　０２０「1e　may　ｏ」cidize

partially　some　of　organic　compounds　studied here　and produce

condensable　compounds;

０２　＋　hu　　゛゜゜〉　　０３　″

and

０３

(Ｙ)

＋　Ｘ

ｎ

・・・〉　Ｙ

‥・〉　aerosol,

λく２４２　nm (2.7)

(2.8)

(2.9)

where　Ｙ　is　the　oxide　of　compound ｘ．　Let　us　call　this　　type　of

process　　"the　process　related to　ｏｚｏｎｅ”， since　the　uv　light does

not　play ａ direct　role　in　aerosol　formation。

　　　　　The　reactions　of　olefins,　aromatics,　terpenes,　etc.　with

ozone　and other　radicals　such　as　ｏ　or　OH　are　studied　so　far, a3 ａ

result, it　is　believed　that　the　reactions　of　olefins　and　terpenes
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with　ozone　contribute　largely　to　outdoor　photochemical　smog, on

the　other　hand, ar.omatics　generally have　１９ｗactivity with ozone

and reactions with OH radical are more

important.1*'21.30,40,44.45.47-50) ^^　course,　in　the　case　of

outdoor　photochemical　smog,　ozone　and　other　radicals are　not

produced through reactions (2.4〉～(2.7).　The wavelengths　of　the

sunlight　related　to　outdoor　photochemical　smog　are　too　long　to

cause　reactions (2.4)～(2.7) directly.　　Ozone　and　other　radicals

are　believed･ to　be　produced as　results　of　complicated photochem-

ical　reactions　starting　with　the　light　absorption　by　nitrogen

dioxide　　(NO ),　which　is　the　only absorber of　the　sunlight of

visible　range・
21）

　　　　　In　our　case,for　the　compounds　that　produce　aerosol　by　the

reaction　with ozone　in　･the　absence　ｏｆ･uv　light, the　process

related　to　ozone must　also　be　included　in　the　photochemical

aerosol　　formation.　　For　example,　a-pinene　produces　aerosol　in

both cases　of　the UV radiation from　the　Ｄ２　lamp　and　ozone　in　the

absence　　ｏｌ;　uv　light.　Under　the　exposure　to　uv　radiation, it　Is

believed　that　ozone　produced photochemically　from　the　air　reacts

with　a-pinene　and produce　aerosol。

　　　　　Contrarily, the　process　related　to　light　absorption may play

major　roles　　for　the　compounds　that　are　low reactive　with　ozone.

For　example, p-dichlorobenzene　produce　aerosol　in　the　only　case

of　　the　uv　light.　　Therefore　photochemical　process　with　ｐ-

dichlorobenzene　is　major.　Though　ozone　may be　produced under　the

exposure　to　uv　radiation, it　may not　play major　role　　in　aerosol

formation。

　　　　　On　the　other　hand, the　spectrum　of　uv　radiation　from　the　KrF

laser　is　monochromatic　at　２４９　nm　in wavelength.　Then　the　process
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related　ｔ０　light　absorption may　be　possible, but　the　reactions

with　ozone (2.7〉～(2.9) will　be　very　slow,　because　it　　is　known

that　ozone　is　not　produced at　this　wavelength as　seen　the　reac-

tion (2.4).　　So　we　can neglect　the　process　related　to　ozone　in

the　case　of　aerosol　production by　the　KrF　laser.　In　this　case.

the　initial reaction　ｍｕ芦ｔ　be　the　uv　absorption　of　organic

molecule,　i.e.　　the　reaction　(2.1).　　　Similarly　the　processes

related　to　reactions (2.5〉and (2.6) must　be　also　negligible。

　　　　　Of　course,　complicated　photochemical　reactions　　including

organic　compounds　may　produce　ozone　or　other　active molecules　as

in　the　case　of　outdoor　photochemical　smog.　　However,　it　can　be

said　that the　photochemical　production　of　such　active　species　is

not　the　initial　reaction　to　produce　aerosol.　The　initial reac-

tion　must　be　the　uv　absorption　of　organic　compound, i.e. the

reaction (2.1)。

　　　　　As　mentionedalready,　all　compounds　listed　in　Table　２．１

produce　aerosol　under　the　presence　of　the　uv　radiation　from　the

D^-lamp, and　some　of　them produce　aerosol　by the　light　　from　the

KrF　laser　at　２４９　nm and/or　by　the　reaction with　ozone　under no

irradiation　of uv　light.　So　the　compounds　studied　here　can　be

classified　into　following　four　types。

　　　　　Type　１：　　active　to　both　of　the　the　KrF　laser　light　and

ozone.　Aniline, phenol, styrene, a-　and　β-pinenei isoprene　and

limonene　belong　ｔ６　this　type. Each　of　them has　different λｔｈ″

which　suggests　that not　only　the　reaction with　ozone but　also　the

process　related　to　light　absorption　are　　important　to　produce

condensable molecules。

　　　　　Type　２：　　active　to　the　KrF　laser　light　but　inactive　to

ozone.　Benzene, chlorobenzene, o-　，ｍ－　　and　p-dichlorobenzene,
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　naphthalene,　toluene　and　xylene　belong　to　this　type.　　They are

　aromatics.　There　is　no　compound　of　this　type　belonging　to

　terpenes ．　　As　the　compounds　of　this　type　have　low　reactivity with

　ozone,　the　process　related　to　ozone　is　not　dominant, and　the

　process　related　to　the　light　absorption must be　essential。

　　　　　Type　３：　inactive　to　the　KrF　laser　light　but　active　to

　ozone.　　In　this　case, the　light　absorption by　organic　compounds

　is　not　essential, and　only　reaction　with　ozone　is　　important　　in

　production　of　aerosol.　However, as　seen　in Table　2.1, there　is

　no　compound belonging　to　this　type　as　far　as　we　tested。

　　　　　Type　４：　inactive　to both　the　KrF　laser　light　and ozone.

　Benzoic　acidi　diphenyl, cyclohexane, camphene　and camphor belong

　to　this　type.　Ａ１１　values　of　λth　for　this　group are　shorter　than

　２２０　nm,　which　is　consistent　with　the　inactivity　to　the　KrF　laser

　light　at　２４９　nm　ｉ･ｎwavelength. Therefore　the　process　related　to

　the　　light　absorption with wavelengths　shorter　than　２４９　nm　or　the

'process　related　to　ちｈｅ　photodissociation (2.5〉　or　(2.6)　must　be

　essential。

　　　　　As　mentioned before, a hydroxyl　radical　０Ｈ　is　thought　to be

　important　in　the　outdoor　　photochemical　　smog　　related　　to

　ａｒｏｍａｔｉｃｓ．１４-″２１″５０）　In　our　cases
I　０，　０Ｈ　or　CO

may　play　the

　similar　role.　　However,　if　the　reaction　(2.5)　or　(2.6)　is

　dominant　　in　all　cases, the　value　λth """^^　be　determined　as　the

　threshold wavelength of reaction (2.5)　or　(2.6), which　dose　not

　explain　experimentally　obtained　dependence　of　λth　on　the　com-

　pounds。

　　　　　Terpenes　have　been believed　to　react　quickly with　ozone　and

　produce　partially　oxidized compound with　low　saturation pressure,

　which　results　　in　the production　of　ａｅｒｏｓo1.819μ４）Ｗｅｈａｖｅ，
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however, found ｅχceptions　such　as　caraphene　and camphor.　In　ad-

dition,　even　terpenes, which　are　highly　reactive with　ozone, do

not　belong　to　the　type　３　but　to　the　type　１ ， that　is, there　is　an

additional　process　to　produce　aerosols, which　is　free　from　ozone

and　is　related directly　to　the　light　absorption　of　terpenes。

　　　　　In　the　present　work, we　have　found　twenty kinds　of　organic

compounds　that　produce　aerosol　by　the　uv　radiation with, wave-

lengths　shorter　than　about　３ １０　nm.　The　roles　of　the　uv　light

which　can　be　considered are (1) to　produce　ozone　which　oxidize

the　compounds　and (2) to　excite　compounds　to　electronically ｅｘ一

cited　states　and partly　vibrational　states　in　the　ground　state.

which　leads　to　the　reaction with　other molecules　to　produce　con-

densable　molecules.　　We　have　found　that　in　addition　to (1), (2)

and　the　simultaneous　process (1) and (2) are　also　important　in

production　of　aerosol,　the　processes　depending　strongly on　the

kind　of　organic　compounds.
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CHAPTER ３

SIZE DISTRIBUTION OF AEROSOL PRODUCED FROM P-DICHLOROBENZENE

　　　　　　　BYCONTINUOUS　EXPOSURE TO ULTRAVIOLET RADIATION

３．１　　Introduction

　　　　　In　general　aerosol　consists　ofmany　particles　with　different

size.　The　distribution　of　particle　size　is　given by　ａ　particle

size　distribution　function.　The　typical　definition　of　ａ　particle

size　distribution　is

ｄＮ＝　f(a)・da, (3.1)

where　dN　represents　the　number　density　of　particles　with　radius

between　ａ　ａｎｄａ＋ｄａ．３゛４）

　　　　　The　particle　size　distribution　changes　every　moment as

particles　grow.　　The　mechanism　to　change　particle　size　dis-

tribution　is,　for　exampleタ　　coalescence.　　Coalescence　　is　the

process　　in　which　two　particles　coalesce　each　other　and produce

one　larger　particle　as　shown　in　Fig.　3.1(a).　　The　number　of　small

particles　decreases　and　that　of　larger　particles　　increases,

whereas ,　the　total　volume　of　particles　does　not　change.　　Another

typical　process　is　condensation.　Condensable　molecules, which　is

too　small　to　be　called ａ particle ，are　condensed　into　particles

as　　shown　in　Fig.　3.1(b).　　Both　the　number　and　the　volume　in-

crease.　　There　is　ａ　process　called deposition.　In　this　process,

condensable　molecules　deposit　onto　ａ　surface　of　larger　particle,

where　the　volume　increases　but　the　number　of　particles　　is　con-

servative　(Fig.　3.1(c)).　　One　may　say　that　there　is　no　clear
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０　　　

COALESCENCE

O　　　

CONDENSATION

[
l〉　Ｏ　　　

DEPOSITION

Basic mechanisms of aerosol growth,

ｗｈｅｒｅ●－ｃｏｎｄｅｎｓａｂｌｅmolecule and O- particle.

boundary　between　ａ　condensable　molecule　and　ａ　りery　　small

particle,　therefore　it　is　nonsense　to distinguish　condensation

from　coalescence.　However　there　is,　in　general,　ａ　clear　gap

between　ａ　－molecule　and ａ　small　particle.　Ａ particle　which・con-

sists　of　ａnumber　of has　ａ　certain minimum　radius.　Even　if　the

vapor　　of　　condensable　molecule　becomes　supersaturated,　the

particle　of　radius　smaller　than　the minimum　cannot　grow and　will

evaporate　soon.　If　ａ　particle　of　radius　larger　than　the　limit　is

produced　by chance, it　can grow.　Therefore　we　can　usually dis-
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tinguish　ａmolecule　and　ａ　small　particle.　　We　do　not　count

molecules　as　particles.　　Then　we　call　the　coalescence　between

molecules　　"condensation”，　the　coalescence　between　　particles

"coalescence"　and　the　coalescence　between molecules　and particles

”deposition"　without　confusion.　　In　addition　to　this　clas-

sification, the　process　in which molecules　deposit　on　ａ　particle

is　also　called　”heterogeneous　nucleation", whereas, the　process

in which　molecules　condense　each　other　without　nuclei　　is　called

”homogeneous　nucleation”．　　This　　is　the　classification based on

whether　the　nucleus　as　ａ center　of　deposition　exists　previously

or　ｎｏｔ。

　　　　　The　　temporal　change　of　particle　size　distribution　give　us

much　information about　these　aerosol　formation　and growth　proces-

ses.　　If　we　obtain　the　particle　size　distribution, we　also　know

the　total　number (N ,), radius (Rtotal^タ　ｓ゛Ｉ゛ｆ８ｃｅ（Ｓｔｏｔａ１）１｀ｌｌｄ

゛ｏ１゛“ｌｅ（ｖｔｏｔａ１）ｏｆparticles　by calculation.　　They are　defined

･respectively as　follows：

and

Ntｏｔa1°10　　f (a)da ，

Ｒｔｏta1り
;　　８°f

(a) da　ｊ

Ｓｔｏta1り
;　　4xa^-f(a)da

,

vｔｏｔa1°|
；

十ｘa3・f (a)da ，

(3.2)

(3.3)

(3.4)

(3.5)

where　we　suppose　that　the　produced particle　is　spherical.　Let　us

consider　　the　case　that　the temporal　change　of　^total'　^total　and
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Fig.　３．２

Ntotal

TIME

Vtotal

Stotal

Example of temporal changes of total

１１ｕ°ｂｅｌ｀（Ｎｔｏｔａ１）″ｓｕｌ｀ｆ８ｃｅ｛Ｓｔｏｔａ１｝８”ｄ volume

(Ｖ

total ）ｏｆaerosol particles.　From this, much

information Is obtained about aerosol growth

29

ｖｔｏｔａｌ　are　givenas　shown　in　Fig. 3.2.　At　the beginning,　　there

is　no　nucleus, then　supersaturated molecules　condense　each　other,

and　produce　many but　small　particles°　total　and ｖｔｏｔａｌ　rapidly

increase.　Once　ａ　large　number　of　particles　are　accumulated　in

the　air,　coalescence　between^　particles　occurs,　as　ａ　result,

^total　decreases.　If　the process　of　this　stage　is　due　to　purely

coalescence,　＼otal """^^　be　conservative.　　As　ｖｔｏｔａｌ　is　ｉｎ’

creasing, we　know　that　deposition　of molecules　onto　ａ　surface　of

large　　particle exists.　　As　described　above, we　can　know much

about　the　aerosol　growth　from　the　changes of　■^total゛　^totalｌ

^total　and total‘

　　　　　The　measurements　of　the　temporal　change　of　particle　size

distribution　of　aerosol　are,　however,　not　so　many,　and　they

mainly　consider　the　coalescence　of　homogeneous　oil　droplets　or
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smoke　particles.52-54.61)　As　to　the　aerosol production　　by

photochemical　　process,　　where　　homogeneous　　nucleation　　and

heterogeneous　one　complicatedly combine　together, the　growth　of

aerosol,　especially　the　temporal　change　of　the　size　distribution

has　not　been　studied　in　detail so　far,　except　for　several

studies。

　　　　　Husar　et a1.32）　prepared　９０ｍ３　polyethylene　balloon con-

taining　the　environmental　air, and　observed　the　aerosol　formation

which　occurs　when　the　balloon　is　exposed　to　the　solar　radiation.

They　measured　the　size　distribution　of　the　aerosol　and　its

temporal　change　with Whitby Aerosol　Analyzer,　and　compared　the

results　with　the　real　Los　Angeles　photochemical　smog.　　The　raw

material　was　not, however, identified。

　　　　Sato　et　a1.18）ｓｔｕｄｉｅｄ∧indetail　the　temporal　change　of　the

particle　size　distribution　of　Laser　Snow.　They produced aerosol

from　the　mixture　of　cesium vapor　and gaseous　hydrogen by　exposure

to　laser beam　from an Ar十　laser, and measured　the　particle　size

by　the　method based　on　the　light　scattering　from particles。

　　　　　As　described　in　Chapter　２，　we　found　that　twenty kinds　of

ｏｒｇａnic　compounds　produce　aerosol　when　the　vapors　are　exposed　to

ultraviolet　（ＵＶ）　radiation　with　wavelengths　shorter　than　about

３１０　nm.　The　raw materials　mainly belong　to　aromatics　such　as　ｐ－

dichlorobenzene,　and　terpenes　such　as α－ｐｉｎｅｎｅ．５１）　In　this

chapter, we　report　on　the　optical　measurements　of　the　temporal

change　・ of　the 。･size　distribution　of　aerosol　produced　from ｐ－

dichlo゛obenzene　　（Ｃ６Ｈ４Ｃ１２）　　by　　uv　radiation.　　　Though　　ｐ‾

dichlorobenzene produces　much　larger　amount　of　aerosol　than　other

materials　tested　in　Chapter　2, it　has　not　been drawn　attention　in

the　researches　for photochemical　ｓｍｏｇ．１４）
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　　　　　Let　us　here　refer　to　the　conventional　measurements　of

particle　size　distributions　which　are　based　on　the　light　scat-

tering.　　　The method which　is　based　on　the　polarization　ratio　has

been　applied　to　some　quasi static　aerosol ｓｙｓｔｅｍｓ．５５゛６１）　The

outline　of　the　method　is　as　follows.　When　the　incident　light　is

nonpolarized, the　polarization　ratio　is　defined　as　the　ratio　of

two　components　of　the　scattered　light, the　one　polarized　parallel

and　the　other　polarized　perpendicularly　to　the　plane　of　observa-

tion defined as　the　plane　which　contains　the　direction　of　prop-

agation　of　incident　light　and　the　direction　of　observation　as

Fig.　３．３

SCATTERED
LIGHT

Definition of polarization ratio ｐ，

where incident light is not polarized.

/)＝
ユ

　|・

Fig. 3.3.　The　polarization　ratio　is　very　sensitive　　to　　the

particle　size　and　the　angle　of　observation, which　is　defined as

the　angle　θ　between　the　direction　of　propagation　of　incident

light　and　the　direction　of　observation (Fig. 3.3).　　In　the　method
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of　polarizatio･ｎ　ratio, the　dependence　of　the　ratio　on　the　angle

are measured.　For　an assumed particle　size　distribution　f unc-

tion,　the　dependence　are　theoretically　calculated by the　Mie

formula.　Comparing　the　theoretically calculated dependence　with

the　measured　dependence,　　one　can　determine　whether　the　assumed

function　is　fit　or not.　This　is　the　outline　of　the method　of　the

polarization ratio.　Kerker　ｅｔa1.61）ａｐｐｌｉｅｄｔｈｉｓ　method　to　　the

colloidal　sulfur and reported the　temporal　change　of　its　particle

size　distribution.　　They　assumed　the　１０ｇ　normal　distribution

function which will be mentioned later as　Eq. (3.24).　　Assuming

the Stevenson distribution function (Eq. (3.26) mentioned later) ,

Heller　ｅｔa1.56）　applied　the　method　to　the　measurement　of

particles　of　polystyrene。

　　　　　Using　the　polarization　ratio　method, one　can determine　only

the　relative　frequency　of　distribution because　he　measure　only

the　ratio　of　the　components　of　the　scattered　light.　　In . ou『

present　work,　we　do　not　use　the　dependence　of　the　polarization

ratio　on　the　angle　of　observation but　the　dependence　of　the　scat-

tered　light　intensities　on the　polarization　and　wavelength.　　We

measure　　the　absolute　intensity　of　scattered　light, which　enables

us　to　determine　the　absolute　value　of　size　distribution.　　In

addition, we　simultaneously assume　several　different　distribution

functions,　in　which　the　log　normal　and　the　Stevenson　are　also

included, and　compare　their　advantages　and disadvantages。

　　　　　We　　first　　produce　　aerosol　　from　　the　　vapor　　of　　ｐ－

･dichlorobenzene　by continuous　irradiation　of uv　radiation.　Then

we　apply　two　laser beams　with　different ･wavelengths　into　aerosol

as　probes ,　and　measure　the　dependence　of　the　scattered　light

intensity　on　the　polarization　and　wavelength　at　the　angle　of
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observation　9 =90・．　The　measured dependence　are　compared with　the

theoretically　calculated dependence.　The　theoretical　dependence

are　calculated by　assuming　the　size　distribution　　function　which

has　three　adjustable　parameters.　These　parameters　are　adjusted

so　that　the　calculated and　the　measured　dependence　give　good

agreement。

　　　　　The　necessity　to　assume　previously　the　size　distribution

function　seems　to　be　ａ　disadvantage.　　However, once we know　the

approximate　size　distribution, we　can　improve　it.　The　principle

of　our　measurement　is　not　based　on　sampling　of　aerosol　but　on

measurement　of　the　light　scattering　from particles, so　it　never

disturbs　the　aerosol　formation　as　long　as　we　use　the　probe　beams

of　off-resonant　wavelengths　　for　the　compounds　concerned.　In

addition, we　have　only　to measure　ａ　few dependence　for　combina-

tions　　of　wavelength　and　polarization　enough　to determine　three

adjustable　parameters, we　can　keep　up　with　the　rapid　temporal

change.

３．２　　Principle　of Measurement

　　3.2.1　Mie　Theory

　　　　　First　we　recall　　the　Mie ｔｈｅｏｒｙ１９）ｗｈｉｃｈ　ourmeasurement

bases　on.　Let　us　use　the　coordinates　shown　in　Fig. 3.4.　At　the

origin, there　is　ａ　spherical　and homogeneous　particle with　radius

ａ，　and　with　complex　refractive　index　ｎ　relative　to　the　sur-

rounding　medium.　　The　particle　　is　　irradiated　by　　ａ　　plane

monochromatic　light　with　wavelength　　λ，　with　the　direction　of

propagation　in　the　z-direction　and with　the　electric　vector Ｅ（ｉ〉

in　the　x-direction.　　The　Mie　theory　shows　the　scattered　light

electric vectors　Ｅｔｓ）and Eり〉satisfy　the　following　relations：
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Fig. 3.4
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Coordinates with the origin at the

center of ａ particle, the z-direction In the

direction of incident light propagation and the ｘ

direction in the direction of electric vector of
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ﾌ:121

と1)″(ｃｏｓ∂)ｓillθ　‾rllBkと
Aこjぶｼﾞt?j

“]I , (3‘8)

　
一
一

Ｉ
θ一

―
ａ

)(l

k

F

1

(
１）べ辻響尚 kP11）/（ｃｏｓ∂）ｓi°∂］12’（3’9）

The　functions　used above　are　as　follows：
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eＢ.＝ik＋1 2k+l r!t

　ｋ　　　　k(k+l) nt.j^

(nq)-φｋ(ｑ)φi(nq)

(ｑ)φk(nq)-(;i^ (ｑ)φlいｎｑ)

m　＝ik＋1.jと+ 1 nφｋ(ｑ)呟(ilｑ)‾喉(ｑ)φk(nq)
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-
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φｋ(刈゜(F!)1/２Ｊｋ＋1/2(幻″

Ck(幻ニφk(刈‾ｉｇｋ(幻　タ

gｋ（゜O　°‾（Ｆ）1/2Nk＋1／２（゛）″

where　Ｊ
k＋1/2 (幻　is　the　Bessel　function, Ｎｋ＋１／２

タ

３５

(3.10)

(3.11)

(3.12)

(3.13)

(3.14)

　　　　　　　　(3.15)

(x) is　the　Neumann

function　　　and　　Ｐ１１”（ｃｏｓθ）　　is　　the associated　　Legendre's

polynomials.　The　prime　on φｋ　タ　　r(l)　and　べrepresents　　the

differentiation　with　respect　to　their　arguments.　The　numerical

calculation　of　Eqs. (3.8)　and　(3.9)　are　presented　in　　some

references.^2-66)

　　　　　We　will　consider　the　cases　　that　the　scattered　light　is

observed.　from　the　x-direction (0　～　９０１， φ　～　Ｏ‘)and　from　the　ｙ－

direction　（θ　～　90- ,　φ～　90- )　with　ａ　small　solid angle　△φ　×△θ．

In　both　cases, the　φ-dependence　of　Eqs. (3.6) and　(3.7)　can　be

ignored　as　follows

sin

２

Iぐ

φａ ０，

）１２　＝　ＩＥ（ｉ）

then

１２・ｉ

In　the　case　ｏ£　φ～　Ｏ゛，　COSφ　ｚ　ｌ　and

Eqs. (3.6)　　　　and　　　　(3.7)　　　　become

‘1j　　and　　lEy〉12　゛　IE（i）12°i
1°O　　（＝O）.　　　For’ひ　　”　　　ｌ　　‾‾ｌｌ　‾‘　　‾’‾‾‾‾　　Ｉ‾φ　　ｌ　　‾　Ｉ‾　　　●　‘１　｀’　｀‾｀″Ｊ●　　　エW＆

simplicity we　rewrite　these equations　by　ｓ（．ｓ）＝ｓ（．ｉ〉・ｉ　・１　　and

Ｓ
(s)_

１　　‾Ｓ

　　　　　　　　　　　　　　　　　　　　　　　　　　　”　　II　　　II　　　IIｊ

ｌ

ｉ）゜ｉＩＩ゛Ｏ　（゜Ｏ），　where　the　square　of　electric　vector　is

denoted by　s, which　is　proportional　the　power　density.　　　The　su-
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perscript　（ｉ）　and (s) represent　that　the　components　are　the　in-

cident　and　scattered　light　respectively.　　The　subscript II　　（）。）

represents　that　the　corresponding　electric　vector　is　parallel

(perpendicular) to　the　plane　of　observation･ defined as　the　plane

which　contains　the　direction　of　propagation　of　incident　light　and

the　direction　of　observation {6,φ）．　　In　this　case, the　plane　is

the　χ－ｚ　plane。

　　　　　On　　the　　other　　hand,　　in　　the　　case　　　of　　　φ　～　９０・ ，

ＩＥＳｓ）１２　゛　ＩＥ（．ｉ）１２゛ｉ｡゛Ｏ　（゜0) and　ｌＥＳｓ〉１２　゛　ＩＥ（ｉ）１２゛ｉ１゛１１　then the

plane　of　observation　is　the　y-z　plane i　and　べiｓ）ニｓｉｉ）‘ｉｌｉ’Ｏ　（＝Ｏ）

and ｓ
(s)_

１　　’Ｓ

ten　as

J. J.°１°　Combined　together,
these　equations　are　writ-

slｓ）゜ｓぴ）゛iμ（λ,a;e)-fl

where　　６

μ> w
１ （μ1　1ﾉ　こ　|ｌｌ　１）ｙ (3.16)

is　Kronecker's　delta.　　Hereafter　the　subscript　μ
μ，Ｕ

represents　the　direction　of　polarization　II　or　１．　　It　should　be

noted　that　there　is　no　scattered light　べｓ）（ｓｙﾘ) corresponding

to　the　incident　light　ｓ
ｔｉ）（ｓに））･

゛　Therefore　we　will　hereafter

consider　only non-zero　equations, ｓ（ｓ〉ｚｓ（ｉ）・ｉ　and s〉＝ｓ（ｉ〉・ｉ。
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　II　　　II　　　II　　　　　１　　　１　　　１

which　correspond　respectively　the　case　that　both　the　polariza-

tions　of　　incident　light　and　the　scattered　light　are　parallel

along　the　plane　of　observation,　and　the　case　that　both are

perpendicular　against　the　plane.　Although　the　φ-dependence　can

be　ignored as　described above, the　e-dependence　of　ｉμ″　which　　is

given by Eqs. (3.8) and (3.9), is　relatively　large　even　for　small

change　of　∂．　Then we　will　average ｉμ　over　∂　as　described　later.

　　　　　In　　the c゙ase　of　ａくくλ, it　is　known　that　Eq. (3.16) is　reduced

to
'["'゛８６ and ｓ１Ｓ）″Ｏ．　This　case　is　called　the　Rayleigh　scat-

tering・ On　the　other　hand, in　the　case　of　ａ〉〉λ,the　light　scat-
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tering　becomes　like　ａ mirror　reflection, then　ｓｌ
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Ｉ　
Ｓ
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ａ： ａ

２

In　the　midway between　these　two　limiting　cases, that　is, in　the

case of ａ　～　λ，ｓ
(ｓ)

μ
changes　complicatedly as　particle　radius

changes.　　The　light　scattering　in　this　range　is　called　the　Mie

scattering.　　As　described here, ぐcontains　the　　information

about　particle ・　radius,　so　we　will　use　it　to　know　the　particle

size　distribution.

　　3.2.2 Application of Mie　Formula　to

　　　　　　　　Practical　Light　Scattering　Problem

　　　　　Tomeasure ｓ（ｓ）　and s , we must　place　two　detectors　on　the
　　　　　　　　　　　　　　　　　|１　　　　　　　１

ｘ－　and　the　y-axes.　　This　arrangement　　is　　inconvenient　　in　　the

practical　case　because　we must　take　account　of　the　differences

between　the　sensitivities　of　two　detectors　and　of　the　losses　　in

two　optical　passes　which　are　caused by　the　walls　of　the　cell

containing aerosol　and　the　lenses　to　focus　the　scattered　lights.

So　it　　is　better　to　use　one　detector　to　avoid　the　above　com-

plications　which　cause some　error.　By　switching　the　polarization

of　the　incident　light　in　the　x-direction　and　in　the　y-direction

alternately　(Fig.　3.5),　we　can measure both　べｓ）８１１ｄ ＳＩＳ）ｂｙ゛

single　detector　placed　on　the　y-axis.　In　this　case, the　plane　of

observation　is　　the　y-z　plane.　　　When　the　　incident　light　is

polarized　in　the　ｘ－　(y-) direction, which　is　represented as
ぐ）

（べ

ｌ

ｉ））ｉｌｌＦｉｇ．　3.5,
the　observed　scattered　light　corresponds　　to

SIS〉（Ｓに）

　　　　　Let　us　consider　the　light　scattering　by　the　ensemble　of

particles　with　different　radii.　Here, we　will　deal　with　the　case

that　the　number　density of　particles　is　so　high　that　the　di3-

position　of　particles　can be　treated　statistically, but　not　so
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Fig.　３．５

and ｓ（ｓ）

　　　　１

　Definition of scattered light ｉｎｔｅｎｓｉｔｉｅｓｊｓ）

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　１１

By switching　the polarization of　the　incident

light in the x-direction and in the y-direction alternately

(LP -linear polarizer), sに）８“ｄ ｓｌｓ）ｃ８“ｂｅmeasured by ａ

single photodetector (PD) placed ｏｎ・the y-axis.　When the

incident light is polarized in the x-(y-) directiorii which

is　represented. ａｓぺｉ）（ｊｉ）ｈ　the observed scattered light
‾･‾　‾‾‘●‾　　　　　　　　　１　　’１１

corresponds to ｓｌｓ）（べ,">
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Fig.　３．６　Averaging of the scattered light intensity over

scattering angle θ．　Ｓ-cross section of incident light

ｂｅ‘am,L -length of the volume to be observed, and Ａ(ｓ)－

area of window of photodetector.
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high　that　the　effect　of　multi-scattering　cannot be　negligible。

　　　　　If　the　latter assumption　fails, we　cannot　regard　there　is　no

scatter゛ed　light　ｓに）（ｓｔｓ））ｃｏｌ゛Ｉ｀ｅｓｐｏｌｌｄｉｌｌｇ　to　the　incident　light

ｓｔｉ）（ｓに））（ｓｅｅ　Eq. (3.16)).　Since　ａ　large　number　of　particles

spread　spatially at　randomI the　interference　among　the　scattered

light　waves　are　smeared　out.　Then, the total　scattered　light

intensity　is　simply given　by　the　sum　of　the　scattered　light　　in-

tensity　　from　each　particle.　See　Fig.　3.6.　When　Ｓ　is　the　cross

section　of　incident　light　beam, and　Ｌ　is　the　length　of　the　volume

to　be　observed, which　lies　along　the　ｚ－ａχis, the　total　　scattered

light　intensity I ,　is　written　as

t(s) ＝　Ａ
（ｓ）

CO

０

｛S･Ｌ･f(a)･ｓj,ｓ）｝ｄａ， (3.17)

where　the quantity　Ｓ・Ｌ　represents　the　observed volume, Ａ（ｓ）ｉｓ

the　area　of　the　window　of　the　detector,　and　f(a)　is　　the　size

distribution　function　of　particles。

　　　　Putting　Eq. (3.16)　into　above　Eq. (3.17), and considering

that　Ｓ・Ｓｙ）represents　the　total　　intensity　of　incident　light,

which we　rewriむｅ　as　I^^) we　will　define　the　normalized　scattered

light　intensity ｌμ，λ
as

　　Iμ,λ゜t(s)　/　lj･tl　°Ａ（ｓ）’Lj;f（l｀）’iμ（λ,a;e) da　｡（3°18）

　　The　expression　by Eq. (3.18) are　accurate　when　the　area　of

the　detector　and　the　observed volume　are　　infinitesimal　so　that

こ工二翼二乱翼二二ごれ二ご二１

dimensions,　so　we　must consider the £°biguity of e　on　ｉμ‘　　In

二二二言二二二町口ご二大ｸﾞ二言



CHAPTER　３ ４１

the　area　of　the　detector.　There　is　ａ　particle　at　the　position　ｚ

on　the　z-axis.　The mean　value　of　ｉ　　at　the　position　of　　the
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　μ

detector　is　given　by averaging　ｉμ over　θ　from a(z) to　β(z), where

ａ（ｚ〉　and　β(z) are　the　angles ｆｒom　the　z-direction　to　both　sides

of　the　window　of　the　detector.　Next, considering　the　finiteness

of　the　observed　volume, we　averaged　it　again　over　ｚ　from　ｚ　＝　－

Ｌ／２　to　L/2, where　the　positions　of　ｚ　＝　-L/2　and Ｌ／２　correspond to

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　－the　both　sides　of　the　observed volume.　Then　we　get ｉμ　as

Ｉ

μ
（λｊ８）゜

L/2

-

　
ｒ
Ｌ
ｎ
／
｀

　
　
　
　
／

Ｊ
Ｌ

１

２β(z)-゜(幻

β
Ｊ
<
３

(Ｚ)

　iμ(λ,a;e)de　]ｄ２　°(3‘19)

(ｚ)

１

Ｌ

However　there　is　no necessity　for　averaging　it　over　the　ｘ－　　and

the　y-direction　when　the　diameter　of　probe　beam　is　much。smaller

than　the　length　of　observed volume　Ｌ　and　the　distance　ｒ　from　the

beam　to　the　detector.

3.2.3　Deter皿ination of Particle　Size Distribution Function

　　　　We　have　obtained　the　expression ｌ (3.18) to　calculate　the

scattered　light　intensity　from ａ　given particle　size　distribution

function.　We　have　to,　however,　solve　the　　' reverse'　problem.

Namely　in　practical　case, we　obtain　the　intensities　of　the　scat-

tered　light, and　from　them we　have　to　determine　the　size　dis-

tribution.　　Hereafter　　ｌｌｌｔ
ｌ　and　lit １　respectively　represent　the

incident　and　scattered　light　intensities　observed　in　experiment.

From　these　observed values, we　can　get　the　normalized　intensity

of　the　scattered　light　jObs defined　as

　　　,Obs_ j{s). _(i)・　　　　　　　　　　（リ，）

Then, comparing　this　with　Eq. (3.18), the　problem　is　reduced　to

solving　the　integral　equation：



a, X‘ｓ)･Ｌ･|;f(・)･I μ（λ,a)
da
１
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(3.21)

　with　respect　to　f(a)。’ｌｆ we　could measure　ａ broad　spectrum of

　Ｉ勁ｏｖｅｒ８１１λfrom ０ to infinity, f(a)　were　strictly determined

　at　least　in　principle.　　Even　then　it　　is　not　easy　to　solve

　Eq. (3.21〉　directly.　　　It　is　impossible　of　course　to　measure　the

　complete　spectrum　of　-.Obs　over　ａ１１　λ’　Let　us　grope　for　　the　way

　how　to　use　the　separate　Obs　as　to　the　combinations　of　polariza-

　tions (μ　＝　II,。1) and　some　certain wavelengths (λ　＝　λタ，λ”，　‥・）．

　The　more　combinations　give　the more　accurate　results.　The　number

　of　combinations,　however,　cannot　be　large　in practical　case.

　Another　limitation　is　that　we　can utilize　only narrow　wavelength

　range　of　visible　light　as　probes.　The　ultraviolet　range　disturbs

　the　　aerosol　　formation　by　producing　particles.　　Considering

　available　light　sources　for　the　probes　and　the　simplicity　of

　instrumental　arrangement, it　is　advisable　to　use　two　laser　beams

･with　different　wavelengths　λ' and　λ¨　as　probes.　　Then　we　can

　utilize　four　Obs　：　Ｉ??ｌ。Ｉ??ｌ。Ｉ??;。　and　ｌ??で;。．　We　will

　previously　　assume　　the　　shape　　of　ｆ（ａ〉　permitting　　several

　ambiguities.　　Putting　the　assumed　f(a) into　Eq. (3.18〉，　we　can

　theoretically　calculate　the　intensity　of　the　scattered　light,

　which we write　as

-rCal_　Ａ(ｓ)･Ｌ･|

O

f（８〉゜iμ （λ,a) da

Then we will determine f(a) so that the

(3.22)

deviation　of　ｌ
Cal

μ，λ
from

I , becomes　smallest.　When　the number　of
Obs　is　four, we　can

introduce　at most　four　adjustable　parameters　into　f(a).　　　Let　us

assume　　f(a),　permitting　the　ambiguities　of　the　normalization
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coefficient　Ａ and　two　adjustable　parameters　　ａ　and　β，　which

characterize　the　shape　of distribution　functions.　We　will　call

these　functions　the　assumed　functions。

　　　　　In　this　work,we　have　used　the　　following　functions.　　The

Gauss　distribution;

　　　　　　　　　(ａ－ａ)２
　　f(a)= A･exp{¬-}，
　　　　　　　　　　２●β

the　Log-normal　distribution;

　　　　　　Ａ　　(ｌｎ a-ln ａ)“
　　ｆ(ａ)＝Ｔ‘exp{　　

２・１ｎ２β　　　}
，

the　Junge　distribution;

　　f(a) =　０

　　　　　＝Ａ･ａ‾β

the　Stevenson distribution;

　　ｆ〈ａ〉＝Ｏ　　　　　　　

a-a
　　　　　＝Ａ･(a-a)・ｅｘｐ{－(-)３}

　　　　　　　　　　　　　　　　β

(3.23)

(3.24)

（　ａくａ），

〈ａ〉ａ），

（ａくａ），

（ａ〉a ) ,

and　the　Modified　exponential　distribution;

f(a) = Ａ・exp{-( ―,≫)

(3.25)

(3.26)

(3.27)

　　　　　　　　　　　　　　　　　　　ａ

　　　　　Each　distribution　has　been　used　to　approximate　ａ　size　dis-

tribution　of　specific　aerosol.　The　Gauss　distribution　Is　known

to　give　the　approximate　size　distribution　of rain-droplets.

The　Log-normal　distribution　is　known　to　be　widely　applicable　to

the　size　distribution　of many　kinds　of　aerosol　or powder　produced

through　smashing.4.54,58-61)　The　Junge　distribution　has　been

often applied　to　the　size　distribution　of　stratospheric　aerosol

since　Junge　et　ａ１．　first proposed. '　Here　we　have　introduced
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cut-off　radius　α　to　remove　the　singularity　at　a=0.　　In　the

original　work　of　Junge　et　al. such　ａ　limit was　not　considered.

However　it　is　natural　to　assume　the　existence　of　the　minimum　or

maximum　radius　　in　the　Junge　distribution, for　it　is　impossible

that　the　density becomes　infinite　for　small　ａ， or　finite　　for

infinitesimally　large　ａ．　　As　the　maximum　radius　is　naturally

introduced by　the　nature　that　the　Junge　distribution　　function

converges　to　zero　for　large　a, we　here　introduce　the　minimum

radius　ａ．　The　Stevenson distribution was　used as　an　approximate

size　distribution　of　emulsions ｅｔｃ．６９）ＲｅｃｅｎｔｌｙKurosu　et　ａ１．

applied　the　Modified　exponential　distribution　to　approximate

particle　　size　distribution　of　Laser　Snow　and　assured　its

usefulness (unpublished)・

　　　　　Each　of　these　distribution　functions　has　three　adjustable

parameters　Ａ″　ａ and　β‘　　Since　ｗｅ、areable　to　use　four ｌ器ｏｎｅ

is　excess.　We　will　use　this　excess　freedom　in　order　to　determine

which　assumed　function　gives　the best　fitting・

　　　　　Each　of　these、distribution　functions　has　three　unknown　para-

meters A, a and-β．　　Since　we　are　able　to　use　four　ｌ;７;， one　is

excess.　　We　will　use　this　excess　freedom　in　order　to　determine

which　assumed　function gives　the　best　fitting・

　　　　　Here　we　mention how　to　determine　A, a　and　β．　　　Putting　the

assumed　functions　introduced　above　　into　Eq. (3.22),　we　can

calculate　ｌ２７１，ｗｈｉｃｈ　are　now　the　function　of A, a and　β．　　From

the　experiments, we　get　Obs

　　　　　　　　　　I勁　－　Iゴ

≒?ノ　

I昌　　）

２

We　define　the　deviation Ｅ　by

(3.28〉

and　determine　Ａ，　ａ　and　β　so　that　the　deviation Ｅ becomes　smal-
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lest.　The way is　the　following.　We　separate　the　simple　coef-

ficient　Ａ　from　the　assumed　function　f(a),　that　　is, f(a) =

A･f (a; a,β）．　　FromEq. (3.22),

rCal.　Ａ(ｓ)･Ｌ･Ａ Ｊ;Ｐ（ａ;ａ,β）･ｉ

Then　the　deviation　Ｅ　is　reduced

　　　　Ｅ　＝　Ｑ・(A-P/Q)

where

and

Ｐ

Ｘμ

こ

μ

t

λ　
ｘμ
″λ　″

２
＋　Ｍ　－　Ｐ２

，λ゜[Ａ(ｓ)゛Ｌ゛Ｊ

Ｍ　＝　Σ　　１

　　　　μ，λ

-

-

/Q　，

Ｑ＝Σ　Ｘ

　　μ，λ

μ（λμi)da

to

２
μ

　f(a;a,β）・ｉ
Ｏ　　　　　　　　　μ

λ　″

（λ,a)da　］/　-fObs

４　：　the　number　of　ｌ 2?;　；　constant.

(3.29)

(3.30)

(3.31)

(3.32)

(3.33)

To　minimize　the　deviation　Ｅ　smallest, we　have　only　to　survey　the

ａ－β　plane and determine　them　so ｔｈａｔ’Ｐ２／Ｑｂｅｃｏｍｅｓ　ｍａχimum,then Ａ

一

一 P/Q.

　　　　　In　this　way, from　the　four　values　of　ｌ??; which　are　measured

simultaneously　at　ａ　given　time　Ｔ　after　the　beginning　of　aerosol

production, we　can　determine　the　distribution　function　f(a)　at

Ｔ．　　We　will　call　these　four　values　of
Obs　゛ａ　set　of　jObs

″．
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　μ，λ　　　　　　　　　　μ，λ

Repeating　this　procedure　for　the　different　assumed　functions, we

can　choose　the　best　assumed　function which　gave　the　smallest　Ｅ，

i.e. the　best　fit　at　Ｔ．　　Repeating　　this　　for　different　Ｔ， we

obtained　the　temporal　change　of　distribution　function.
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3.2.4　Total　Number, Radius, Surface　and Volu皿ｅ　of

　　　　　Distribution Function

CHAPTER･3

　　　　Once　we　determine　the　distribution　function, we　can　evaluate

the　various　quantities, for　examples,

N(８ｔｈ)゜|

:th　f

( a) da ･j

R(a,.)ニ

Ｓ(８ｔｈ)゜

|:th ａ･f(a)da ，

^th　４ｘａ２・f
(a)da

０

and

ａ
　
ｏ
Ｊ　
一
・

　
Ｉ
　
　
ｈ

　
　
ｔ

　
ａ
　
１
　
Ｖ

(3.34〉

(3.35)

tｈ十ｘa3・f{a)da ｡

(3.36)

(3.37)

They　represent　physically　number,　radius,　surface　and　volume

respectively.　　We　will　hereafter　call　　them　　'moments'　of　dis-

tribution　function. Ｎ（８ｔｈ）　represents　the　number density of

particles whose　radii　are　between　ｏ　ａｎｄａｔｈ°　　The　　total　number

density Ｎｔｏｔａ１（Ｅｑ゛く3.2))　is　defined　as　the　limit　ｏｆＮ（３ｔｈ）｀^゛ｉｔｈ

ａｔｈ｀゛ｃ°’　other　total　moments Ｒｔｏｔａ１″Ｓｔｏｔａｌ　and^total　are　defin-

ed　similarly (Eqs. (3.3)～(3.5))。

　　　　The　temporal　changes　of　moments　give　us　much　information

about　the　mechanism　of　aerosol　formation　and　growth.　As　describ-

ed　in　the　beginning　of　this　chapter, for　instance,　the　velocity

of　　increase　of　volume　shows　the　velocity　of　gas　to　particle　con-

version, or　if　the　volume　is　conservative　while　the　number

decreases, then　particles　are　grown by coalescence.
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3.2.5　Comparison with Conventional　Methods

４７

　　　　　It　is　significant　to　point　out　advantages　and disadvantages

of　the　method.　Compared with　other　conventional　methods,　this

measurement　　is　purely　optical, we　need not　worry about　the　dis-

turbance　within　the　aerosol　growth　as　long　as　we　use　the　　off-

resonant　probes　　for　compounds　concerned.　　This　point　is　very

important　for　our　purpose, to　study　not　　the　static　size　dis-

tribution　but　the　temporal　change.　　We　cannot　utilize　ａ particle

counter　which　disturbs　the　aerosol　　formation　by　sampling.　　　In

addition　to　this　disadvantage,　ａ　particle　counter　of　sampling

type　takes time　to　scan　ａ　range　of　radii　or　to　count　particles,

and　therefore　it　　is　not　suitable　for　the　survey　of　temporal

change　even　if　they are　commercially　available.　Our　method　can

sufficiently　keep　up　with　the　rapid　temporal　change　because　we

have　only　to　observe　four　jObs　at　ａ　given　Ｔ．　　In　addition,　the

sensitivity　is　very　high　　in　principle　because　there　　is　no

background noise,　and　when　using　sufficiently　fine　beam as

probes, our method may　obtain high　spatial　resolution。

　　　　　There　is　another　advantage.　　As　we　measure　ａ　set　of　Obs

simultaneously, we　can　study　ａ　single　event　of　aerosol　　formation

without　assuming　any　experimental　reproducibility.　　In　the　study

of　Laser　Snow, Sato　ｅｔa1.18）ｍｅａｓｕｒｅｄ　thetemporal　change　of　one

component　of　jObs ･in　one　procedure.　　Until　repeating　this　proc-

edure　　for　the　different　components, i.e.　the　combinations　of

polarization　and wavelength I they could not　obtain　the　temporal

change　of　the　set　of　jObs　As　ａ　result, they had　to　assume　the

reproducibility of aerosol.　This　time, the　improvement　of ex-

perimental　setup　described　in　Sec. 3.3　makes　it　possible　to
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measure　the　tenporal　change　of　ａ　set　of　ｌ?ﾔ;　in　one　procedure・

Then　we　can　discuss　the　aerosol　formation without　assuming　any

reproducibility。

　　　　　On　the　other　hand,　when　the　real　　size　distribution　of

aerosol　is　far　from　our　assumed　functions, for　instance, when　the

distribution　has　plural　peaks, our method may　fail.　１ｆ　we　know

the　broad　range　spectrum of　scattered　light, we may　be　able　to

deal　with　even　such　ａ case.　Simlzu　et al. tried to determine

the　size　distribution　of bacteria without　using　the　assumed　f unc-

tion.　They measured　the　spectrum　of　scattered　light　over　ａ１１

angle　of　observation,　and　solved　that　　inversion　scattering

problem ｂｙ°ａ　Fourier　transformation　technique.　　If　using　　such　ａ

method.　we,　indeed.　need　not　to　assume　the　distribution　func-

tion.　But　it　takes　longer　time　to　measure　the　broad　range

spectrum,　which　makes　　it　difficult　to　study　the　rapid　temporal

change。

　　　　　In　the　case　of　the　polarization　ratio　ｍｅｔｈｏｄ，５４″５８″６０）　as

one　must　measure　the　angular dependence　of　polarization　ratio, he

needs　to　worry about　the　angular　dependence　of　the　transmittance

in　light　passes　even　if　he　uses　ａ　cylindrical　cell　containing

aerosol.　　Since　we　do　not　use　the　angular　dependence, we　can

ignore　the　difference　of　light　passes･　　In addition　to　this, as

we　measure　the　absolute　intensities　of　the　scattered　light　in-

stead　of　the　polarization　ratio, we　can　evaluate　in　principle　the

absolute　number　density as　well　as　the　relative　frequency・

３．３　　Experimental　Setup

The　experimental　setup　is　shown　in　Fig.　３．７

beams　　from　the　Ａｒ＋

The　probe

laser　（λ= 457.9　ｎｍ）　and　the　He-Ne　laser
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A;: LASER

４９

He-Ne
　　LASER

Fig.　３．７　　　Experimental　setup for the measurement of

temporal change in scattered light intensity.　Symbols have

the　following significance：　Ｌ -lens, PD -photodetector, A -

attenuator,λ／４　－λ／４plate, M -mirror, HM -half mirror, DMM -

digital multiraoter, GP-IB -control bus　for computer, and

ＭＰχ-signal multiplexer.
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（λ=632.8　nm) are　circularly polarized by　ｊ／４　plates.　　　The　beams

reflected　by　half　mirrors　are　applied　to　the　photo-detectors

(solar　cells) to　monitor　the　　intensities　of　　incident　beams・

While, the　transmitted beams　are　modulated by double　beam mechan-

ical　chopper　at　different　frequencies　for　the　lock-in　detection

described　later.　The　beams　are　made　coaxial　by　another　half

mirror, and　they are　transmitted　through　ａ　linear　polarizer.　The

linear　polarizer　　is　　rotative　and　switches　alternatively　the

direction　of　polarization　between　the　direction　II　and １．　　Since

the　　laser　beams　are　originally　circularly polarized, there　is　no

significant　difference　between　the　　intensities　of　the　beams

polarized　in　the　direction　II　and　１．　It　is　not　necessary　to　make

the　intensities　of　the　II　and　ｌ　components　strictly　equal　because

we　normalize　the　scattered　light　intensity by　the　incident　beam

intensity　as　described　later.　Linearly polarized beams　　are　ap-

plied　to　the　cell。

　　　　　The　cell　is　rectangular, 1χ２×４．５　Ｃｍ３　in　dimension,and　it　is

made　of　quartz　transparent　ｔｏ・uv　radiation　of　wavelengths　longer

than　１８０　nm.　In　the　bottom　of　the　Ｃｅ１:L, we　placed　ａ　small　amount

of　p-dichlorobenzene　as　ａ　raw material　０ｆ　aerosol.　The　saturated

vapor　pressure　of　p-dichlorobenzene ’is　about　　１。５　mmHg　at　２０゛Ｃ．

As　　the　surrounding　gas, we　use　three　kinds　of　gases　in　order　to

study　the　effects　of　surrounding　gas　on　the　aerosol　formation　and

growth.　we　choose particle　free　clean air, Ng　and　Ｏ２゛ each　of

which　is　filled at　ｌ　atm　at　room　temperature。

　　　　　The　ｓｏリrce　of　uv　radiation　is　ａ　deuterium　ｌａｍｐ（D2 lamp)゜

The　light　from ．the　Ｄ２‾１ａｍｐ　is　filtered
by　monochromator　to　select

the　wavelength　of　uv　radiation　to　be　applied･to　the　cell.　１ｎ　the　－

present　experiment, we　set　the　wavelength　at　２２０　nm　with　the
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bandwidth　about　８　nni|　then　the　power　of　the　uv　radiation　applied

into　the　cell　was　roughly　estimated　about　　ｌ mW/cm ,　which　is

enough　to　produce　ａ　large　number　of　particles　in　the　cell.　There

is　an　additional　reason why　we　here　use　the　monochromator.　When

no　filtered uv　radiation　is　applied　directly　to　the　cell, the　gas

in　the　cell　is　rapidly heated up by　the　radiation,　which　causes

the　convection　and　fluctuate　　the　　scattered　light.　　As　　the

monochromator　cut　most　of power　from　the　Ｄ２‾１ａｍｐタ　especially　the

infrared　components, heating　is　reduced.　However, most　power　of

uv　radiation　effective　to　produce　aerosol　are　　filtered　and　the

aerosol　production　rate　becomes　much　slower。

　　　　　The　laser　light　scattered　by　produced.　particles　passes

through　ａ　２×２　cm slit　placed at　　４．２　cm　apart　from　the　probe

beam,　and　then　　it　is　　focused　by　ａ　lens　and detected by　ａ

to PHOTO-　　　SLIT
　DETECTOR　２０×20
←　　　　　　　　

LENS
　ノ

__

　　　１

Fig. 3.8

SLIT

12×12

Dimension of the optical system in Fig. 3.7

photomultiplier (Fig.　3.8) .

　　　　Todetermine　the　size　distribution at　ａgiven　time T, it　is

necessary to measure the　　scattered　　light　　intensities
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and　ｌ
（Ｓ）

１，λ= 632.8　nm

simultaneously.　　　First　the　linear　polarizer　is　set　in　the　direc-

tion　III and　the　intensities ｌに１＝457.９　nm and　ｌに１＝632.８　nm are

separately　measured by　two　lock-in amplifiers　tuned at different

frequencies　of　the　chopper described before.　The　time　constants

of　both　lock-in　amplifiers　are　　１００　msec.　　The　outputs　are

alternatively　converted　from analogue　to　digital　and　stored　in

memory　of　the　desk-top　computer.　Then　the　linear　polarizer　is

ｓ｀゛itched to 哺ｅ direction 11 and ■'･1,457.9 nm and １１でﾑ32.８ nm are

similarly　measured.　　Ａ　set　of ぐト・measured　within two

seconds, which　is　much　shorter　than　the　changes　of　the　scattered

light　intensities　in　the　present　experiment.　We　can　fully　regard

them　as　measured at　the　same　time.　We　repeat　the　same　procedure

many　times　after　the beginning　of uv　light　irradiation。

　　　　　The　desk-top　computer　does　not　only　store　the　data　but　also

controls　the　switching　of　the　directions　of　linear　polarizer, the

selecting　of　the　outputs　of　lock-in　amplifiers　and　the　sampling

of　the　A/D　converter.　　In　addition, it　normalizes　　the　scattered

light　intensities　　ｌ

each　moment.

l

l
で１by　the　incident　beam　intensities　fit

ｌ　at

　　　　　The　　incident　beam　intensities　are　always　monitored as

described　before.　To　relate　ｔｈｅ、outputs　of　monitors　to　the　real

intensities　of　incident　beams　　ｌ;;ｉ，　we　used　the　I oiiowmg

method.　　We　put　ａ　small　mirror　in　the　particle　free　cell　and

guide　the　reflected beams　into　the　photomultiplier.　　Weakening

the　　laser　beam　with　ND-filters, we　measure　the　reflected beam

intensities　in　the　same　procedure　described　above,　i.e.　　the

procedure　　to　measure　the　intensities　of　the　lights　scattered by

particles .　Once　we　measure　the　attenuation　factors　of　　the　ND-
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filters　and　the　　reflection　　factors　of　the　mirror　for　ａ　given

combination　of　wavelength (λ= 457.9　or　632.8　nm) and　polarization

（μ＝ｉｌ　　or　１　）．　　we　can　relate　the　outputs　of　monitors　to　the　real

intensities　of　incident　beams　ｌｔｔ
１．　Then,

converting　the　outputs

of monitors　to　ｌｌｔ１，Ｗｅ　obtain　the　accurately　normalized　scat-

tered　light　intensities　Obs　by　ｌ１で1　/　11t1･　　　　　　　　　　　　　　　　・

３．４　　Experimental　Results　and Discussions

3.4.1　Temporal　Change　in Scattered Light　Intensity

　　　　　Using　the　experimental　setup　described　in　Sec. 3.3, we

measured　the　temporal　changes　of　ｌ??;゛ｔｈｅ　normalized intensities

of　the　light　scattered by　aerosol　particles.　　Those　particles

were　produced by uv　radiation　with　the　wavelength　２２０　nm and　with

the　power densi ty　about　　ｌ mW/cm .　　The　raw　material　of　the

aerosol　was　the　vapor　of　p-dichlorobenzene　with　the　pressure

about　　1.5mmHg.　　The　surrounding　gas　was　the　particle　free　clean

air, Ng　and Ｏ２　at　ｌ　atm,at　room　temperature°

　　　　　Typical　changes　of　ｌ??ｌ　are　shown　in　Fig.　3.9, where (a)　is

the case　that　the surrounding　ｇ“Ｓ　is　air, (b) N^　and (c) Og‘

　　　　　From　Fig.　3.9(a),　we　can　see　that　the　intensity　of　the

shorter　wavelength (λ=457.9　ｎｍ〉rises　faster　than　that　of　the

longer　wavelength　（λ= 632.8　nm),　and　that, for　each wavelength,

the　intensity　of　polarization　よ　rises　　faster　than　that　of

polarization　口．　At　Ｔ～１０　-Obs　show maxima, and　for　Ｔ〉１０　min,

they　slightly　decrease　and approach　steady　state　values.　This

behavior　of　Obs　shows　that　as　particles　grow　larger,　the　light

scattering　transits　from　the　Rayleigh　like　scattering　to　the Mie

scattering。

　　　　　Ｉ“　thecases　of Ng (Fig. 3.9(b)) and ０２　(Fig°３°9(c)),　　the
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Temporal change in

scattered light intensities

I力 ．　In the case of (a), the

surrounding gas is air:　in

(b), N2;　and in (c), O^.
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temporal　change　of　ｌ
Obs

μ，λ

case,　the　rising　of　ｌ

５５

are　qualitatively　similar.　In　the　former

Obs

μ１λ
is　faster　than　in　the　case　of　air, and

in　the　latter　casei it　is　slower　than　in　the　case　of　air There

is　ａ　surrounding　gas　dependence　of　aerosol　formation　velocity・

As　shown　in　Fig. 3.9, the　changes　of　Obs is　very　smooth,

which　shows　the　convection　of　the　air　in　the　cell　is　sufficiently

slow.　In　addition,･there　　is　no　significant　changes　Ｉ of Ｉ

within　the　time　required　to　sample　ａ　set　of　ｌ

seconds) as　described　in　Ｓｅｃ・　3.3.　　So　the　set　of　ｌ

considered as　measured　simultaneously　at　the　given Ｔ．

3.4.2　Temporal　Change　in Size Distribution

In order　　to　　calculate　　ｌ
Cal

μ，λ

Obs

‾｀’　‾‾’‾μ，λ

??l（ａｂｏｕｔ ２

Obs

　　　　　can　be
μ，λ

theoretically　by　using

Eq. (3.22), we　have　to　know　the　refractive　index　ｎ　of　products,

but　the　constituents　of　products　have　not　been　identified　yet.

So　we　have　approximated　the　refractive　index　of　products　by　　that

of　the　raw　material　p-dichlorobenzene,　i.e. about　１．５　at　the

wavelength　of　５８０　nm,and we　have　assumed　that　it　is　constant

over　the　range　of　wavelength　concerned.　Using　Eq. (3.22),　we

have　calculated　jCal　assuming　the　　five　　assumed　　・ functions

(Eqs. (3.23)～(3.27)),　each　of　which　has　three　adjustable　para-

meters.　Then　we　have　determined　the　best　fit　function　and　its

parameters　by comparing　Cal　and　Obs　by　Eq. (3.28).

　　　　　The　temporal　changes　of　the　functions　determined　in　this　way

are　shown　in　Fig. 3.10, where　the　horizontal　axis　represents　the

radius　of　particles, and　the　vertical　axis　represents　the　number

density　of　particles　　in　terms　of　dN/d(log　ａ） ｐａｒｔｉＣｌｅＳ／ｃｍ３・

Figure　3.10(a), (b) and (c) are　respectively　in　the　cases　of　air

Ｎ２　and　Ｏ２°　In　the　same　figure, we　also show which　assumed　func-
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tion　gives　the ･１ｺest　fit　at　each　Ｔ．　The　characters　¨Ｇ”，¨ＬＩ’，”Ｊ”，

¨Ｓ”and　¨Ｍ”represent　that the　Gauss, the　Log-normal, the　Jungei

the　　　Stevenson　　　and　　the　Modified　　exponential　　function

(Eqs. (3.23)～(3.27)) respectively　give　the　smallest　Ｅ　among ．them

at　the　time.　Figure　3.11　shows　the　changes　of　the　values　Ｅ　for

each　assumed　function, where (a), (b) and (c) are　respectively　in

the　cases　of　air　Ｎ２　and　Ｏ２°　　Figure 3.12　shows　　the　　temporal

change　of　the　plots　of　five　assumed　functions　at　every　ｌ　minute

in　the　case　of　air.　　For　other　cases, the　results　are　qualita-

tively　similar。

　　　　　Hereafter　let us　discuss　main:Ly　the　case　that　the　sur-

rounding　gas　is　air.　　Using　Figs.　３ 。10(a), 3.11(a) and　3.12,　we

will　discuss　the　changes　of　the　distributions'dividing　them　into

three　time　ranges。

　　　　　a) For　about Ｔく４　mln　：　Figure　３ 。１２　shows　the　following.　　The

Gauss, the　Log-normal　and　the　Stevenson　give　almost　the　same

plot.　　The　distribution　of　the　function　is　very　narrow, and　the

position　of　the　peak　of　the　number　density　is　smaller　than　０．１　μｍ

or　so. However　the　plots　from　the　Junge　and　the　Modified　ex-

ponential　are　quite　different.　The　latter　two　suggests　that　the

distribution　spreads　toward　smaller　radius.　In　addition　to　such

ａ　disagreement　　in　the　shape　of　the　distribution　function, as

Fig. 3.10(a) shows, the　best　fit　function　changes　frequently　for

the　different　Ｔ．　　We　also　know　from Fig.　3.11(a) that　the　values

of　Ｅ　for　any　assumed　function　are　generally　large, and　moreover,

there　　is　no　significant　difference　between　them.　Therefore, at

･the　beginning of　aerosol　　formation　i.e.　in　the　case　that

particles　have　not　been　larger　than　０．１･μｍ　yet, we　cannot　declare

which　assumed　function　is　the　best.　It　may be　due　to　our using
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the　light　of　visible　range　as　probes.　When　particles　are　much

smaller　than　the　wavelengths　of　probes, in　other　words, when

particle　size　is　nearly　in　the　range　of　the　Rayleigh　scattering,

the　dependence　of　ｌ
Obs

μタλ
on　the　particle　size　becomes　monotonous.

Even　if　the　scattered　light　　is　　intense,　one　cannot　predict

whether　the　　intensity　is　due　to　the　size　of　ａ　particle　or　the

number　of　particles.　Under　such　ａ　circumstance,　the　difference

in　the　shape　of distribution　function cannot　be　reflected　in　the

difference　of　ｌ??１．　Both　the　high　but　narrow distribution　f unc-

tion and　the　low but　broad　one may give　the　same　-,Obs　Therefore

any　assumed　function　seems　to　be　more　or　less　fit　ａｓ‘ long　as　we

know　from the　value Ｅ．

　　　　　Large　Ｅmay be due　to　the　experimental　error.　　As　　the　　in-

tensities　of　the　scattered　light　　in　this　time　range　are　very

weak, even　small　experimental　error, for　instance, the　error　due

to　the　slight　difference　between　the　transmittances　of　the　opt-

ical　paths　for different　polarizations　and wavelengths, makes　the

large　false　dependence　of　jObs　　Our　analysis　　interprets　　the

false　as　the　real　dependence, as　ａ　ｒｅｓｕｌｔ，1271　and　Obsnever

agree, so　the　value　Ｅ　becomes　large.　　In addition, in　the　range

of　the　Rayleigh　like　scattering, I??ｌ

and ｌ
Obs

〉〉　Ｉ
Obs

ｌｌ，λ

．　We　measure　Obs
　　　　　　　　　　　　　　１，λ

in　the　same　range　of　lock-in amplifier, so　the　signal　to
‾"IIμ｀¨‾"‾‾‾‾｀゛二‾'‘゜｀‘｀'‘‾｀'｀'゛｀＾¨‾“'゛゛゛｀゛｀“゛１　｀゛｀″｀“゛“　｀Ｊ‘｀ａｕｕａ　しり

noise　ratio　of　1°^^ much worse　than　that　of ｌｏｂｓ．　　That　may　be

　　　　　　　　　　　II ｌλ　　　　　　　　　　　　　　　　　　　　　１１λ

one　of　the　reason why　the　value　Ｅ　is　large　for　small　Ｔ．

　　　b) For about ５くＴく１３ min　：　As　shown　in Fig.　3.12 at Ｔ＝７ min

typically, five　assumed　functions　give　almost　the　same　plot　even

quantitatively　for　the　range　of　radii　０．１くａく０．２　μｍ．　The　number

density decreases　monotonous, from　a=0.1　　to　０．２　μｍ．　　０ｎ　the

other　hand, for　ａく０．１　μm,each　assumed　function　gives　ａ　separate
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distribution.　There　is, however, the　common　tendency　that　the

number　density　for　much　smaller　particles　rather　decreases　and

there　is　ａ　peak　of　the　density at　about　ａ～０．１　μｍ．　　As　　to　the

deviation　Ｅ　shown　in　Fig.　3.11(a), there　is　no　significant　dif-

ference　between　the　values　Ｅ　among　five　assumed　functions

become　smaller　as　time　elapses・

They

　　　　　From　above　discussions, the　estimated distribution　at　least

in　the　range　of　０．１くａく０．２　μｍmay be　accurate.　The　particles　of

this　range　may　be　dominant　　in　the　analysis, and hide　the　in-

fluence　from particles　out　of　the　range.　　Any　assumed　function

more　or less　gives　good　fitting.　　However we　cannot　clearly

declare　about　the　distribution　in　the　range　of　smaller　radius .

The　reason　may be　the　same　as　in　the　case　for　Ｔく５　ｍｉｎ。

　　　　　c)For about　Ｔ　〉１４ min　：　From　Fig.　3.12, we　know　that　the

Gauss, the　Log-normal, the　Junge　and　the　Stevenson　give　the　same

plot　qualitatively.　　The　size　distribution　is　near　monodisperse,

and　the　peak　of　the　density　is　at about　ａ～０．２　μｍ．　　The　plot　of

the　Modified　exponential　　is,　however, entirely　different　from

others.　　In　addition, as　Fig.　3.11(a) shows, the　deviation　Ｅ　for

the　Modified　exponential　　is　very　large　in　spite　of　small　Ｅ　of

others.　Therefore　we　conclude　that　the　real　distribution　is　near

monodisperse　in　this　time　range, and any　assumed　function　gives

good　approximation　except　for　　the　Modified　exponential.　The

Modified　exponential　cannot　originally　express　such　ａ　distribu-

tion　as　has　ａ　peak　and decreases　rapidly　for　smaller　radius, so

the　Modified　exponential　must　lead　large　Ｅ．　The　　fact　　that　the

Modi fied　exponential　cannot　give　good　approximation　for　large　Ｔ

is　also　one　of　the　evidences　that　there　are　few　small　particles

for　large　Ｔ．
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　　　　　The　Junge　distribution　may　have　some　disadvantage, although

it　gives　as　small　Ｅ as　the　Gauss,　the　Log-normal　and　　the

Stevenson　ｄ０．　　１ｎ　the　case　fo　the　Junge　for　large　T, there　is　ａ

tendency　that　the　larger　the　parameter　　β　　is,　the　smaller　　the

deviation　Ｅ　is.　　The　　larger　　β　means　that ･the　distribution　is

sharper　and　nearer　to monodisperse　distribution.　　In　addition,

the　cut-off　radius　ａ　of　the　Junge　almost　corresponds　to　the, posi-

tion　of　the　peak　of　the　Gauss, the　Log-normal　and　the　Stevenson.

These　give　the　additional　evidences　to　the　conclusion　that　　the

real　distribution　is　near　monodisperse.　　There　remains　ａ　question

about　the　fitness　of　the　Junge.

3.4.3　Temporal　Change　in

　　　　　Number,Radius, Surface and Volume

　　　　Using　the　distributions　obtained above, we　calculated　the

moments　defined by Eqs. (3.34)～(3.37).　　The　results　are　shown　in

Fig.　3.13,　where　(a), (b) and (c) are　respectively　in　the　cases

of　air. N2　and ０２’　Here　we　adopted　the　Stevenson distribution

throughout　Ｔ．　The　reason　why we　here　chose　the　Stevenson　is　the

following.　　When　the　temporal　changes　of moments　are　calculated

from　the　chain　of　functions　selected as　the　best　at　each　dif-

ferent　T, they　sometimes　show　unnatural　discontinuities　at　the

time　when　the　type　of, the　best　function　switches, for　example I at

Ｔ＝５　min　in　Fig.　3.10(a),　where　the　best　function　switches　from

the　Junge　to　the　Stevenson.　So　it　may be　advisable　to　use　one

type　of　the　assumed　functions　throughout　Ｔ　at　least　in　order　to

evaluate　moments.　As　shown　in　Fig.　3.10　the　Stevenson　frequently

gives　the　best　fit　for　Ｔ〉９　min.　Figure　3.11　shows　the　value　Ｅ　of

the　Stevenson　is　not　so　inferior　in　comparison　with　others　even
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in　the　case　of　smaller　Ｔ．　　When　applied　throughout　T, the

Stevenson　gives　rather　smooth　temporal　changes　of　moments.　　In

addition,　the　moments　calculated　from　the　Gauss　and　the　Log-

normal　give　almost　the　same　moments　as　　the　Stevenson　does.

Figure　3.14　shows　this　situation.　　Figures　3.14(a〉, (b), (c), (d)

and (e) correspond to　the　changes　of ･Ｖ（８ｔｈ）　in　the　cases　that　the

Gauss,　the　Log-normal, the　Junge, the　Stevenson　and　the　Modified

exponential　are　respectively applied　throughout　Ｔ ｌin　the　case　of

air.　　　Comparing　Figs.　3.14(a) (for　the　Gauss), (b) (for　the　Log-

normal) and (d) (for　the　Stevenson), the　differences　between　them

are　less　than　ａ　few percent.　Therefore, to apply　the　Stevenson

for　small　Ｔ　must　make　no　significant error　for　estimating

moments.

　　　　　To　the　contrary, the　Junge　and　the　Modified　exponential

distributions　seem　to　be　unsuitable　for　estimating　moments.　As

described　in　Sec. 3.4.2, there　is　ａ　doubt　about　the　accuracy･　of

the　Modified　exponential　　for　large　T (Fig.　3.14(e)).　　０ｎ　the

other　hand, when　used　throughout　Ｔ，　the　Junge　sometimes　shows

unnatural　discontinuities (Fig.　3.14(c)).

　　　　　The　changes　of　Ｎ（３ｔｈ）″Ｒ（゛｀ｔｈ）″Ｓ（゛１ｔｈ）811d
ｖ（８ｔｈ）８１゛ｅ　shov゛n

in Fig.　3.13,　which　mean　physically　the　accumulated　number,

radius,　　surface　and　volume　of　particles　respectively,　and

Figs.　3.13 (a), (b) and (c) are respectively in the cases of air,

Ｎ２　and Ｏ２‘　　In　Fig. 3°13, we have calculated　moments　　for ａｔｈニ

0.1,　0.2,　０．３　and　　１．０　μｍ．　　These　graphs　show which　size　of

particles　contribute　to　each moment.　In　this　figure, the　line　of

削３ｔｈ°Ｏ゛３　μm) falls　just　ｏ゛　the　　line　of　Ｎ（８ｔｈニ1’O　μm)タ　　｀゛hich

implies　　that　we　can　regard　Ｎ（８ｔｈ°Ｏ°３　μm) as　the　total　number

density　total°　In　other　words, there　are　few　particles　with
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radii　　larger　than　０．３　μｍ．　This　circumstance　is　similar　in　the

cases　of　Ｒｔｏｔａ１″Ｓｔｏｔａｌ　and
ｖｔｏｔａ１°

　　　　　It　is　remarkable　that the　moments　from　the　Gauss,　the　Log-

normal　and　the　Stevenson agree　very well　as　shown　in　Fig. 3.14

though　these　assumed　functions　are　different　in　their　shapes

especially　for　their　wings.　　　It ｌ　may　be　because, we　in　truth

measure　not　the　size　distribution　but　the　moments.　For　particles

much　smaller　than　the　wavelengths　of　probes, i.e.　for　the　light

scattering　of the　Rayleigh　like, we　at　last　measure　the　moment　of

sixth　order, for　the　intensity　of　the　scattered　light　is　propor-

tional　to　the　sixth　power　of　radius　there (see　Sec.　3.2.1) .　　０ｎ

the　other　hand,　for particles　much　larger　than wavelengths, we

measure　the　geometrical　cross　section　of　particles,　i.e.　　the

moment　of　the　second order.　Between　these　two　limiting　cases, we

may　measure　ａ moment　of　ａ　certain　order.　Therefore　our　analysis

may give　the　first　priority　to　the　estimation　of moments, anc!　the

estimation　of distribution　function may　be　secondary.　　Therefore

it　is　also　not　ａ　wonder　that　the moments　from　the　Gauss, the　Log-

ｎｏ‘rmal　and　the　Stevenson　agree　very well.

3.4.4　Process　of Aerosol　Growth

　　　　Using　Figs. 3.10　and　3.13,　in　other words, basing　on　the

temporal　changes　of　the　distributions　and　the　moments, we　can

imagine　the　mechanism　of　aerosol　growth.　The　discussion　below

can be　qualitatively applied　for　any case　of　air, N2　or　Ｏ２° To

study　quantitatively, we　hereafter　ｐａｙ･attention　to　the　case　that

the　surrounding　ｇａら　is　air.

First the　photochemical　reaction　produces　many condensable

molecules, though　the　products　and　the　chemical　process　have　not
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been　clear　yet.　　As　　these　molecules　are　much　smaller　than　the

wavelengths　of　probes,　our　measurement　may　not　have　enough

sensitivity　to　them.　When　the　density　of　such　molecules　becomes

high　enough I i.e. are　super　saturated,　homogeneous　nucleation

starts.　　The　molecules　condense　each　other　to　be　small　but　many

particles.　Since　there　is　no　nucleus　first,　the　nucleation　at

this　stage must　be　homogeneous。

　　　　　The　total　number　of　small　particles　rapidly　rises　up, and

the　size　becomes　larger　enough　to　scatter　the　visible　light　　ef-

fectively.　　This　process　goes　at　Ｔく６　min, and most　of number

density　consists　of　particles　of　ａく０．１　μｍ．　The　total　number　of

such　small　particles　continues　to　increase　until　it　reaches　over

３×10 particles/cm .　　Once　　the　number　density　of　such　small

particles　becomes　high　enough, coalescence begins.　The　condi-

tions　　of　　this　　turning　　point　　is　　that　　ａ～０．１　μｍ　　　and

Ｎｔｏｔａ１〉３)(１０６　ｐ８ｒｔｉｃｌｅｓ／ｃ“１３１　andit　is　realized at　Ｔ～６　min.

　　　　　For　Ｔ〉６　min,　particles　coalesce　each　other, and　the　number

of　particles　rapidly decreases, while　the　total　volume　continues

to　increase.　　If the　aerosol　growth　at　this　stage　is　purely due

to　coalescence I the　volume　must　be　conservative.　Therefore　con-

densable　molecules　are　being　produced photochemically and　they

are　deposited　on　the　surface　of　large　particles　without ex-

periencing　small　particles.　The　rapid growth　of　surface　makes　it

possible.

　　　　　For　６くＴく１０　min,the　size　distribution becomes　gentle　in　its

shape, it　becomes　to　have　ａ peak, and　the　position　of　the　peak

moves　gradually　from　０．１　to　０．２　μｍ．　As　time　elapses, particles

of　ａく０．１　μｍdecrease　and　those　of　０．１くａく０．２　μm becomes　dominant.

The　　breadth　of　distribution　function　becomes　larger　until
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Ｔ～１０　min, then　it　becomes　smaller　for　Ｔ〉１０　min.　At　Ｔ～１０　min, the

decrease　of　number　density　becomes　gentle,　which　shows　the

coalescence　becomes　ineffective　to　make　particles　larger.　　０ｎ　the

other　hand,　the　volume　continues　　to　increase　until　Ｔ～１３　min I

which　shows　deposition　on　the　surface　makes　volume　larger。

　　　　　For　Ｔ〉１０　min, since　ａ　plenty　of　accumulated　surface　has

already　grown　up,　most　of　condensable　molecules　and very　small

particles　on　their　way　to　be　grown　up　directly　deposit on　the

surface　of　large　particles.　Small　particles　cannot　grow, then

the　number　of　particles　of　ａく０．２　μｍ decreases　by deposition.　　０ｎ

the　　other　hand,　gravitational　　settling　effectively removes

particles　larger　than　０．２　μｍ as　we　will　check　numerically　in

Sec. 3.4.5.　　As　ａ　result, for　Ｔ〉１０　rain, the　distribution becomes

narrower　and narrower.　The increase　of　volume　　is　saturated　at

Ｔ～１３　min.　　Coalescence　　is　no　longer　effective, for　the　number

density　is　almost　conservative.　Both　the　total　number　and　volume

stay at　almost　the　stable　value,　the　equilibrium　seems　　to　be

established.　　　At　　this　　ｓｔａｇｅＮｔｏｔａ１゛７〉Ｓ１０５　ｐ８１゛ｔｉＣｌｅｓ／Ｃｍ３ and

ｖｔｏｔａ１″１°７）（１０
４

。μΓ113／ｃｌｌｌ３゛ most of　which　consists　of　particles　of

０．１くａく０．２　μｍ．　　　The　　breadth　　of　　distribution　continues　　to

decrease.　At　Ｔ～１７　min, the　breadth　becomes　smallest,　where　the

size　distribution　is　almost　monodisperse.　　After　that,　the

breadth　becomes　ａ　little　larger, but　the　distribution　ｎ０　longer

becomes　widely　spread。

　　　　　For　　１７くＴ＜２０　min,　there　is　ａ　symptom　that　particles　of

ａ〉０．２　μｍ　increase　and　those　of　a<0.2　μｍ decrease.　It　may be　due

to　deposition.　　However　particles　larger　than　０．２　μｍ　soon　dis-

appear　by　gravitational　settling, which　causes　　the　decrease　of

number　and　surface　of　such　large　particles.　The　decrease　of
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surface　reduces　the　deposition　and　urges　the　growth　of　smaller

particles, which　causes　the　increase　of　number　of　particles　smal-

ler　than　０．２　μｍ at　２０〈Ｔ〈２４　min.　For　Ｔ〉２４　min, there　is　ａ　symptom

that　this　cycle　repeats.　For Ｔ〉２４　min, the　breadth　seems　to　be　ａ

little　　large,　but　　the　radius　stays　at　０．２　μｍ and　ｎ０　longer

becomes　larger.

3.4.5　Mechanism of Change　in Particle　Size Distribution

　　　　　It　is　remarkable　that　the　size　distribution　function,　which

has　once　become　broader, becomes　narrower again　as　time　elapses・

For　Ｔ〉１４　min, the　distribution　is　near monodisperse　and　the　most

frequent　radius　is　０．２　μin (Figs.　3.10　and　3.13) .　　When　the　radius

of　particle　is　０．２　μｍ　and　the　density　is　about　1, the　stokes

terminal　settling　velocity　is　about １０‾３　cm/sec.　　Since　the　probe

beams　are　about　ａ　few millimeters　in　diameter,　it　takes　ａ　few

minutes　　for　the　particles　to　come　out　of　the beam.　Let　us　con-

sider　the　case　that　most　of　particles　are　with　radii　０．１　μｍ　and

with　density　５×１０５　ｐａｒｔｉｃｌｅｓ／ｃｍ３　as shown in Fig.　３ 。13(a) for

Ｔ〉２０　min.　If　they are　removed　from　the　view　in　５　minutes,　the

velocity　to　remove　volume　is ５×１０‾１１　ｃｍ３／ｃｍ３・sec.　　０ｎ　the　other

hand, as　shown　in　Fig.　３ 。13(a), the　total　volume　is　　increasing

proportionally　to　time　from　zero　to １．７×１０４　μｍ３／ｃｍ３　in１３ min at

the　beginning　of　aerosol　　formation.　　The　velocity　to　produce

volume　　is　２×１０‾１１　ｃｍ３／ｃｍ３・sec.This　production must be　kept　for

Ｔ〉２０　mln.　Considering　that　we　here　ignore　the fall　　from　upper

space,　we　know　that　the　loss　by　gravitational　settling　and　the

gain　by production　of　particles　almost　balance。

　　　　　The　large　limit　of　radius　is　explained　above,　but　why　is

there　no　small　particle　　for　large　Ｔ？　　Once　the　large　total
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surface　of　particles　is　accumulated,　condensable　molecules　and

very　small　particles　on　their　way　to　be　grown　up are　directly

deposited　on　the　surface, therefore　small　particles　cannot　grow･

3.4.6　Vapor Pressure　of Product

　　　　　　Though　the　products　and　the　chemical　process　have　not　been

clear　yet,　we　will　roughly　estimate　the　vapor　pressure　of

molecules　produced photochemically.　　As　discussed　before,　the

growth　of　particles　at　Ｔ〉１０　min　is　mainly due　to　the　deposition

of　condensable　molecules　onto　the　surface　of　large　particles.

The　　flux　φ　by diffusion　of　small particles　of　radius　≪B　onto　ａ

　　　　　　　　　　　●large　particle　of　radius R,　is　given by　4jtR,DNg, where　Ｄ　is　dif-

fusion　coefficient　of　small particle　and Ｎｓ　is　the　density　of

small　particles.　The　velocity　of　deposition per　unit　volume　is

ｇｉ゛en　by　(4≪Rg/3)゜Φ゜Ni,　　｀゛here　Ｎｌ　　is　the　density　of　large

particles.　We　will　consider　the　case　that　the　velocity　of

deposition　balances　with　the　velocity　of　producing　volume　of

particles.　The　latter　is about 2×１０‾１１　ｃｍ３／ｃｍ３・secas　　estimated

before (Sec.　３･.4.5).　　Then we　obtain　ａ　equation,

十
ＸＲ
２
゛４ＸＲＩＤＮｓ｀Ｎ１″ ２×１０‾１１

Let　us　consider　the　case　that R,~0‘２　μm,N-,~5×１０５

(3.37)

ｐａｒｔｉｃｌｅｓ／ｃｍ３

as　shown　in Fig. 3.13{a) for　ｌａｒａｅ　Ｔ．　　Since　Ｄ　is　the　function of

Ｒ
Ｓ″
Ｒ　and Ｎ　are　unknown.　We　wi n　assume　the　case　　that　the
Ｓ

small

　　　　　　Ｓ

particle　　is　the　condensable　molecule　which　is　produced

photochemical･１ｙ　from　p-dichlorobenzene, but　is　like　ａ　molecule　of

ｐ－ｄｉヽchlorobenze･ｎｅ。whose　molecular　weight　is　１４７　and　density　is

1.25 Then　ＲｓＪ

We　３ｔ　last　ｏ!atain Ｍｓ゛９)ｄ０９　particles/cm

/sec　for air at　２０　１Ｃ．

It　is　３×１０‾７　mmHg, and
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is　much　smaller　than　the　vapor　pressure　of　p-dichlorobenzene

１．５　mmHg.　　If　the　vapor　pressure　of　condensable　species　is　so

low, condensation and deposition　described above　are　probable.

3.4.7　Quantum Efficiency of Photochemical Reaction

We　will　roughly　evaluate　the　efficiency　of　photochemical

reaction I　　and　　show　that　if　the　condensable　monomer･　like

dichlorobenzene　is　produced　photochemically,　its　photochemical

reaction may be　not ａ chain process.　　However we do not know　what

photochemical　reaction　occurs　or　what　the　product　is, yet.　So　we

assume　the　　following　process.　　Ａ molecule　of　p-dichlorobenzene

absorbs　ａ　photon　and becomes　ａ　monomer　which　is　not　so　different

from　ａ　molecule　of　dichlorobenzene　and　is　condensable　to be

particles.　As　estimated before, the　velocity　to　produce　volume

is　２×１０‾１１　ｃｍ３／ｃｍ３・sec.Though　we　do not　know　the　constituent　of

products, let　us　suppose　its　density　is　1.25　and molecular　weight

is　　147 (these　values　are　of　p-dichlorobenzene　itself).　Then　the

velocity

1×10

１１

of molecule

　３
molecules/cm・ＳｅＣ・

　to　　　particle　　　conversion　　　　is

The　number　of　photons　which are

absorbed by p-dichlorobenzene　and　cause　photochemical　reaction

must　be　the　same.　０ｎ　the　other hand, The　molar　absorption　coef-

ficient　of　p-dichlorobenzene　is　174 (though　its　value　ｉｓ‘atwave-

length　２５８　nm).　　Ｔｈ･is　means　　the　　intensity　of　uv　radiation

decreases　by　about　three　percent　during　passing　through　１　cm　in

the　cell,　where　we　consider　the　　vapor　　pressure　　of　　ｐ-

dichlorobenzene　is　　ｌ 。５　mmHg　at　room　temperature.　The　intensity

of　the　incident　uv　radiation　is　about　ｌ　mW/cm“．　　Then　the　photon

flux　at　wavelength　２２０　nm　is １×1015　photons/cm・sec. Ａ　three

percent　of　them, which　are　absorbed　by　p-dichlorobenzene,　is
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１３　ｐｈｏｔｏｎｓ゛／ｃｍ３・sec
･　　Therefore　the quantum　efficiency　is

about　0.003.　If　the　basic　photochemical　process　is　chain　like,

it　becomes　larger　than　１．

3.4.8　Influence　of　Surrounding　Gas　on Aerosol　Formation

　　　　　Comparing　Figs 。　３。13(a) (for the　case･of air), (b) (N2) and

（ｃ）（０２ｈ　we　can know　the　influence　of　the　surrounding gases　on

the　　formation　of　aerosol.　　It　　is　ａｓＮ２゛ａｉｒ゛０２　in　order　of

aerosol　formation velocity.　　It　is shown　that　the presence of　０２

１ｎ　the　surrounding　gas　suppress　or　delay　the　aerosol　formation.

The　influence　of O　on aerosol　formation　will　be　discussed　in

Sec. 4.1　in detail.

3.4.9　Validity of Present Measurement

　　　　　We　will　check　the　validity　of　previous　assumptions .　One　of

the　significant　assumptions　is　　that　the　produced　particle　is

homogeneous　and　spherical.　１ｎ　the　observation　with　ａ microscope,

we　can　see　that　ａ Ｉspherical　and　relatively　large　particle　on　the

Ｗａ･１１　０ｆ　the　cell　catches　smaller　particles　floating　　in　　the　air

and　becomes　　larger　and　spherical　particle.　This　behavior　sug-

gests　that　the　products　are　liquid　like　and　particles　floating　in

the　air　may be　spherical.　But　the　homogeneity　is　not　necessarily

clear.　It　is　possible　that　the　particle　in　the　air　has　some　core

in　ｉｔ。

　　　　　Another　assumption　is　the refractive　index ｎ．　The　value　of

．ｎ　of　product　is, however, unknown　so far.　We　had　to　previously

^ive　ｎ　as　that　of　the　raw material,　p-dichlorobenzene　(n=1.5285

for　Na　Ｄ　line) .　　Let　us　assume　that　ｎ　is　one　of　the　parameters　to

be　estimated　in　this　experiment･　Figure　3.15　shows　the　change　of
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Fig.　3.15　　　Temporal change　in mean square deviation Ｅ when the
・
determination of the size distribution is performed changing the

assumed refractive　index ｎ of particle from　１．３to　1.7.

the　deviation　Ｅ　when we did the determination of the size dis-

tribution　corresponding　to　the　Obs　in　Fig.　3.9{a) (in　the　case

of　air)　changing　ｔｈと　assumed value　of ｎ　from　１。３　to　1.7.　If　we

regard　the　value　of　ｎ　which　gives　the　smallest　Ｅ　as　most

probable。Fig.　3.15　shows　that　as　time　elapses　ｎ becomes　larger

and　larger.　　It　is　unlikely　that　the　constituents　of　products

alter.　　Therefore,　Fig.　3.15　may　reflect　the　following　situa-

tion.　Each　aerosol　particle　is　not　homogeneous　and　has　ａ　core

and　ａ　shell・　surrounding　the　core.　As　the　shell　grows, the　ap-
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parent　ｎ changes.　　０ｒ　such　ａ complicated change　of　ｎ　as　shown　in

Fig.　3.15　may　vanish　when　the　imaginary part　of　ｎ　is　accurately

taken　into　account.　Any way, as　Fig.　3.15　shows, our　assumption

that　　the　refractive　index　of　product　is　the　asme　as　that　of　raw

material, p-dichlorobenzene　my be　appropriate　as ，　the　　first　ap-

proximation。

　　　　　How about　the　effect　of　multiscattering？　The　mean　free　path

of　the　photon　of　probe　beams　can　be　roughly　estimated as

１／ｏＮｔｏｔａ１゛｀゛here　ｇ　is　the　geometrical　cross　section　of particle

and　^total　is its　number density.　Let us　consider　the particles

of　radius　０．２　μｍ．　Then　（ｉ～１０‾８　ｃｍ３ ａｎｄＮｔｏｔａ１゛１０６　ｐ３１゛ｔｉｃｌｅＳ／Ｃｍ３’

The　mean　free　path is　about １０２　cm, which　is　much　larger　than　the

dimension　of　the　cell.　　So　the　effect　of　multi-scattering　is

surely negligible.

３．５　　Conclusions

　　　　　In　this　chapter, we　have　reported　the　optical　measurements

for　the　particle　size　distribution　of　the　aerosol　produced　from

p-dichlorobenzene　by uv　radiati･on with　wavelength　　２２０　nm,　with

power　density　about　　ｌｍＷ／Ｃｍ２．　　The　method　is　based　on　the

measurement　of　the　wavelength-　　and　polarization-dependence　of

the　light　scattered by particles。

　　　　　Generally　the　assumed　function　such　as　the　Gauss, the　Log-

normal　and　the　Stevenson　seems　to　be　superior　for　estimating　the

particle　size　distribution　and　the　moments.　The　Junge　and　the

Modi fied　exponential　are　also　useful　partly。

　　　　　For　Ｔく６　min,･the　aerosol　　formation　　is　homogeneous.　　The

number　of　particles　rapidly　rises　up until　it　reaches　the　peak　at

Ｔ～６　min.　　At　　the　peak,　　the　number　of　particles, most　of　which
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consists　of　particles　of ａく０．１　μｍ，　is　more　than　about ３×１０６

particles/cm .　　　For　　Ｔ〉６　min,　　particles　　grow　　mainly　　by

coalescence.　While　the　number　of　particles　decreases, the　total

volume　of　particles　　increase　until　Ｔ～１３　min.　It　is　due　to　the

deposition　of　products　on　particle's　surface。that　is, the　growth

of　particles　is　partly heterogeneous.　　The　distribution　function

becomes　broader　until　Ｔ～１０　min, then　it　becomes　narrower　again.

For　Ｔ～１３　min, the　　increase　of　　total　volume　is　saturated　at

１．７×１０４　　　μｍ３／ｃｍ３，　　where　・　ａ～０．２　μｍ　　and ^total　　゛　　７×１０５

particles/cm .　The breadth　of　distribution becomes　narrower　and

narrower.　　For　large　T, the　distribution　is　near　monodisperse,

where　mean　radius　is　０．２　μ“１１　^total　　゛　５?ｄ０５　particles/cm and

^total　~ 1.5x10'*　μｍ３／ｃｌｌｌ３°　The　large　limit　of　radius　seems　to　be

restricted by gravitational　settling.　　At　this　stage, the　loss　by

gravitational　settling　and　the　gain by　photochemical　production

of　particles　almost balance。

　　　　　From　the　rough　estimation　of　the　efficiency of　photochemical

reaction,　the　basic　photochemical　process　may be　not　ａ　chain

reaction。

　　　　　This　time, we　have　first　got　the　quantitative　information as

to　the　aerosol　formation　from p-dichlorobenzene　by uv　radiation.

In　the　future,　some　numerical　model　may be　able　to　explain　the

results.　We　couldn't measure　aerosol　from other material　than　ｐ－

dichlorobenzenet because　available　monochromatic　UV-source　was

very　weak.　　If　using　strong　and monochromatic　UV-source　like

excimer　laser, it may be　possible　to　measure　aerosol　　from　other

raw materials.
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SIZE DISTRIBUTION OF AEROSOL PRODUCED FROM P-DICHLOROBENZENB

　　　　　　　　　BYBRIEF EXPOSURE TO ULTRAVIOLET RADIATION

４．１　　Introduction

　　　　　The　laser　may be　one　of　the　most　important　invention　in　this

century.　　　The　laser　provides　us　with　many powerful　methods　to

induce　some　photochemical　reactions　with　good　selectivity or　to

investigate　complicated　reactions　with　fine　spectroscopic　resolu-

tion。

　　　　　In　spite　of　recent　many　triumphs　in　laser　chemistry, there

are　few　reports　that　study photochemical　aerosol　　formations　　in-

duced　by　the　radiation　from ａ　laser.　As　far　as we　know, "Laser

Snow" and　"Benzene Aerosol　Formation　by a　KrF　Laser”are　the　only

instances.　Laser　Snow　is　one　of　the　aerosols　produced by　laser-

induced　photochemical　reactions.　　The　aerosol　is　produced　from

the　mixture　of　vapor　of　alkali　metal　and gaseous　hydrogen　under

the　exposure　to　the　laser beam　from　ａ dye　or　an　argon　ion　laser

(for　example,λ= 488.0　nm　for　NaH　Laser　Snow) .　　The　product　has

been　identified as　alkali　hydride　crystalline particle. 18,23-25)

Benzene　Aerosol　is　produced　from　the　vapor　of　benzene　under　the

exposure　to　ultraviolet (UV) radiation　from ａ KrF　excimer　laser

〈λ=249　ｎｍ〉．　　The　　constituent　　of　　product　　has　　not　　been

ｉｄｅｎｔｉｆｉｅｄ．２６^゛２９）。

　　　　　In　Chapter　2, we　reported　on　the　aerosol　formation　from many

kinds　of　organic　gases　by　ａ KrF　excimer laser. For　examples
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aniline, benzene, dichlorobenzene, a-　and　β-pinene　etc.　produce

aerosol　when　exposed　to　uv　radiation　from　the KrF　laser.　This　is

probably　the　first　report　on　such　many　kinds　of　laser　　induced

organic　aerosol　formations。

　　　　　In　Chapter　３，　we　also　reported　on　the measurements　of　the

temporal　change　of　particle　size　distribution　of　aerosol　produced

from ｐ－ｄｉｃｈｌｏｒｏｂｅｎｚｅｎｅ．７１）ｌｎ　the　experiments,we　used a Dg-lamp

as　ａ　source　of uv　radiation.　As　the　uv　radiation　from　the D2-

lamp was　continuously　applied,　the　production　of　condensable

species continued　during　the　measurements Therefore,　the

production　of　condensable　species　coexists　with　the　processes　of

aerosol　growth　such　as　condensation, coalescence, deposit, etc.

Though　such　ａ　coexistence　is　universal　in　usual　aerosol　　forma-

tions, many concurrent　processes　complicate　the　problems。

　　　　　If　we　produce　condensable　species　in　the brief　time　of　the

beginning, then　observe　the　aerosol　growth　without　any more

production　of　condensable　species, it may be　ｅχpected　that　the

process　of　aerosol　growth　becomes　simpler　and　easier　for　our

analysis.　　Under　such　experimental　conditions, a monodispersed

particle　size　distribution　is　　initially formed,　then　it　　is

developed　into　ａ　heterodispersed　distribution.　Such　processes

have　been　ｓｔｕｄｉｅｄｔｈｅｏｒｅｔｉｃａＵｙ７２゛７７）ａｎｄ　inspected by　several

experiments.3.4.52-54.78.79)　Keith　and　Derrick　tested　tobacco

smoke.
52）

３）

propane

Huser　used　the　aerosol　produced　by　combustion　of

　Those　experiments　show　that　the　theory and　experiments

agree　well　as　far　as　the　condensation due　to　Brownian motion　is

concerned, and　the developed distribution　function　is　like　the

Log-normal　　(Eq.　（3.24））．３）　　However,　　the　・　experiment　　with

photochemical　aerosol　production　as　the　method　to　prepare　initial
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aerosol　has　not　been attempted as　far　as　we　know。

　　　　　The　experiment　with　photochemical　aerosol　production　has

some　advantages　compared with　those　using　smoke　or　other dusts.

The　former　can produce　condensable　species　　instantaneously　in

time　and homogeneously　in　space.　　The　homogeneity　of　the　size　of

initial　species (maybe　molecules)　１ｓ　good.　　　In　addition,　the

initial　particles are　directly　produced　in　the　　field　to be

observed.　For　the　latter, on　the　other　hand, one　must　　introduce

the　　initial　particles　from ａ certain　aerosol　generator　into　the

vessel　to　be　observed.　The　homogeneity　of　the　size　of　　initial

particles　　is　not　necessary　assured and　the　handling　to　introduce

particles　into　the　vessel　may modify the　initial　distribution。

　　　　　Using　ａ　pulse　laser　as　ａuv　radiation　source　for　photochem-

ical　aerosol　　formation。it　may become　possible　to　produce　con-

densable　species　instantaneously　in　time　and　homogeneously　in

space.　　As　the　photochemical　reaction　to　produce　some　conden弓able

species　is　much　faster　than　the　process　of　aerosol　formation, the

initial　particle　size　distribution　is　expected　to　be　well

monodispersed.　　In　addition　to　these　advantages, the　power　of　the

laser　is　concentrated　in　narrow wavelength　range, then　the　con-

vection　caused by　the　heating　up　of　the wall　of　the　cell　or　that

of　the　air　in　the　cell　is　effectively　suppressed　compared　with

the　case　that　the　radiation　from　the　uv　lamp with　broad　spectrum

is　applied directly without　filtering。

　　　　　In　this　chapter, we　report　on　the　optical　measurement　of　the

temporal　change　of　the　particle　size　distribution　of　aerosol　from

p-dichlorobenzene.　　　Unlike　　the　　measurement　　described　　in

Chapter　３，　the　aerosol　is　produced by　exposure　to　the　uv　radia-

tion　from　ａ　KrF　excimer　pulse　laser (λ=249　ｎｍ〉．　　We　first　produce
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the　condensable　species　by　applying　several　　the　uv　radiation

pulses　　from　the　KrF　laser　in　ａ　brief　time, then　observe　the

temporal　change　of　the　particle　size　distribution　without　　ap-

plying　any　more　uv　radiation　pulses.　The　method　of　measurement

is　the　same　as　described　in Chapter　３，　which　is　based　on　　the

light　scattering　from produced　particles.

４．２　　Experiments

　　　　　The　principle　of　measurement　and　ｅχperimental　setup are　the

same　as　described　in　Chapter　3 (Sees.　３．２　and　3.3).　　　The　　dif-

ferent　points　are　as　follows (see　Fig.　4.1)。

　　　　　The　uv　radiation　source　is　not　a D2-lamp but　ａ　KrF　excimer

laser, which　radiates　monochromatic　uv　radiation with　wavelength

２４９　nm　and　with power　density　Ｐ　about　１．８ｍＪ／ｃｍ２・pulse at　the

position　of　the　cell.　Unlike　the　uv　radiation　source　used　in

Chapter　３，　the　uv　light　from　the　KrF　laser　is　directly　applied

into　the　cell　without　filtering　by　ａ　monochromator,　because　　the

　　　　　　　　　　　SLIT
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radiation　from　the　KrF　laser　is　fully　monochromatic.　To measure

the　power　dependence　of　aerosol　formation, we　change　Ｐ　by　in-
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serting　ａ　quartz　glass　plate　as　ａ　ND　filter　between　the　excimer

laser　and　the　cell.　Then P becomes　1.８ｍＪ／ｃｍ２・pulse (without　the

plate)　and　１，３ｍＪ／ｃｍ２・pulse　(with　the　plate) .　　The　beam　size　of

the　KrF　laser　ａ’ｔ the　cell　is　about　１×１　ｃｍ２。

　　　　　The　cell, which　contains　bits　of　p-dichlorobenzene, is　fil-

led with　air　at　ｌ　atm, at　room　temperature。

　　　　　After　applying　４０　pulses　from　the　excimer　laser　　into　the

cell　at　the　rate　of　about　５　Hz, we　record　the　ｃりanges　of　ｌ??ｌ

（μ= 11,J.　and　λ=457.9, 632.8　nm), the　　intensity　of　the　scattered

light　normalized by　the　intensity　of　the　incident　light　as　defin-

ed　by　Eq. (3.20).　　About　５～４０　pulses　is　necessary　to　produce

particles　enough　to　be　detected by　this　experimental　　setup.　　Ａ

few　　pulses　　is　　not　　enough.　　　In　　order　to　protect　the

photomultiplier, the　power　supply　to　photomultiplier　is　off　dur-

ing　uv　irradiation。

　　　　　We　　also　　make　　the　scattering　solid　angle　（△∂×△φ　in

Figs .　３．４～3.6)　small, by　using　the　small　０．５χ０．５　ｃｍ２　slit　placed
●

at　　11.０　cm　apart　　from　the　probe　beam　as　shown　in　Fig.　４．１

(compare　with　Fig.　３．８　　for　　the　　previous　　experiments　　in

Chapter　３）．　　　If　△∂　is　small, it　is　expected　that　the　information

about　the　∂　dependence　of　Obs will　be　less　　lost　by　averaging

over　∂　as　in Eq. (3.19).　　However　the decrease　of　the　solid angle

causes　　the　diminution　of　the　scattered　light　intensity　to be

detected, then　signal　to　noise　ratio　gets　worse。

　　　　　Unlike　the　optical　setup　in Chapter　3 (Fig.　3.8), the　scat-

tered　light　is　restricted　through　the　slit　described　above, then

applied　directly　into　the　window　　of　　the　　photomultiplier

(Fig.　4.1).　　The　lens　to　correlation　the　scattered　light　is　not

used.　Then　there　is　no　loss　by　lens.　In　addition　the　dimension
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of　observed　field (L　in　Fig.　3.6) is　clearly　recognized, for　the

image　near　boundary　of　observed　field　is　blurred　when　lens　　is

used。

　　　　　工ｎ　order　to　determine　the　size　distribution　at　ａ　given　time

Ｔ according　to　the　method described　in　Chapter 3, we　must　measure

the　four values　・f I corresponding　to　the　different　combina-

tions　of wavelengths (λ=457.9, 632.8　nm) and polarizations (μ＝ＩＩ，１

）　at　the　time　Ｔ．　In Chapter　3, we did not measure　this　set　of

jObs　strictly at　the　same　time　but　at　the　series　of　different

times.　　In　that　case, the　velocity　of　aerosol　formation was　much

slower　compared with　the　time　which　was　required to measure　ａ　set

of　ｌ??ｌ，ｔｈｅｎｗｅ　could　regard　them as　measured at the same time。

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　●This　　time,　in　order　to　study　the　rapid change　of　particle　size

distribution just after applying of uv　radiation pulses, we　get

the　values　of　jObs　strictly at　the　same　time　by　interpolation.

The　analysis　of　Obs　has　be　done　as　described　in Chapter　３．

　　４．３　　Experimental Results and Discussions

4.3.1　Temporal　Change　in Scattered　Light　Intensity

　　　　　Figure　４．２　shows　the　change　of　ｌ??;，ｗｈｅｒｅ（ａ）ａｎｄ（ｂ）　cor-

respond　to the　case　of　Ｐ＝１．８ｍＪ／ｃｍ２・pulse　and　（ｃ）　and (d)

P=1.3　mJ/cm・pulse, and Ｔ　represents　the　time　after‘applying　uv

radiation　pulses.　　We　take　Ｔ＝Ｏ　as　the　time when the　first　pulse

is　applied.　Compared with　the　case　of　the　continuous　exposure　to

uv　radiation　ｉｒ? Chapter　3 (Fig.　3.9), the　oscillation　of　jObs　is

very　peculiar.　　　There　may be　two　possible　interpretations・　　ａ）

The　oscillation　is　due　to　the　convection, and ｂ）　it　stands　　for

the　aerosol　growth.　　When　the　convection　exists, the　cloud of

aerosol　gradually goes　away　from　the　probe　beams,　and　in　ａ
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momen't,　comes　back　into　the　beam, then　Obs　oscillates ．　As　far

as　we　observe by　our　eyes, we　could　not　find　the　movement　of

aerosol　cloud.　　There　must be　no　heavy convection.　The　oscil-

lation with　long　period　of　about　１０　minutes　in　Fig. 4.2　may　be

due　to　the　convection.　As　discussed　in　Chapter　2, the　air　in　the

cell　is　almost　transparent　to　the　uv　radiation　from　the　KrF　laser

（λ= 249　nm) ,　the　heat　source　of　convection may be　the　heating　up

of　the　wall　of　the　cell　by uv　radiation　absorption.

　　　　　As　mentioned　in　Sec. 3.2.1　the　wavelengths　of　light　scat-

tered　by　particles　of　ａ　certain　radius　depends　on　the　radius　of

the　particle･　As　particle　grows　　larger,　the　light　of　longer

wavelengths　becomes　　to　be　scattered　effectively.　　Looking　at

Fig.　４．２　carefully, one　can notice　that　the　phase　of　the　oscil-

lation　differs　ａ　little∧for　each　Obs　　工ｆ　ｔｈｅニoscillation　is

completely due　to　convection, any　component　of　Obs　changes　　in

phase.　　Therefore　　the　oscillation　partially　stands　　for　the

.aerosol　growth, and　the　difference between　the　phases　in　temporal

change　of　ｌ

change.

Obs

μ，λ
reflects　size　distribution　and　its　　temporal

　　　　　Each　Obs reaches　its　maximum within　ａ　few minutes　after　the
　　　　　　　　　　μ費λ
end　of　applying　the　uv　radiation　pulses,　i.e.　after　the begin-

ning　of　the　measurement, then decreases　rapidly.　　This　processes

are　very　quick　compared with　the　results　obtained　in Chapter　３。

　　　　　We　have　carefully　set　the　experimental　conditions　as　same　as

we　can　except　for　Ｐ，　power　density　of　incident　uv　radiation.

Though　both　Figs.　4.2(a)　and　（ｂ）　are　　in　　the　　cases　　of

Ｐ＝１･ヽ８　mJ/cm・pulse, the　reproducibility　is　not　necessarily good.

As　to　Figs.　4.2(c) and (d) (in　the　case　of　P=1.3　ｍＪ／ｃｍ２・pulse) ,

the　　situation　is　the　same.　　However, comparing　Figs.　4.2(a), (b)
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and (c), (d),　especially　paying　attention　to　the　a,^=632.8　nm

for　each　case,　　the　dependence　of　Obs　on　Ｐ　is　apparent.　The

larger　Ｐ　is, the　larger　the　amount　of aerosol　production　is.

　　4.3.2　Temporal　Change　in Size Distribution

　　　　　From　jObs　shown　in　Fig.　4.2, we　determined　the　particle　size

distribution　at　each　Ｔ　according　to　the　method　described　in

Chapter　３．　　This　time,　we　did not　use　the　Modified　exponential

distribution (Eq. (3.27))・　　ｌ;･ｅ　tested　the　Gauss (Eq. (3.23)), the

Log-normal (Eq. (3.24)), the　Junge (Eq. (3.25)) and　the　Stevenson

distribution (Eq.〈3.26)〉．　　The　results　are　shown　in　Fig.　4.3,

where　(a), (b), (c)　and　（ｄ）　respectively　correspond　to　the

results　from Figs.　4.2{a), (b), (c) and (d).　　In any case, during

our measurement, there　seems　to　be　no　dramatic　change　of　dis-

tribution　function　ｅχcept　for　the　gradual　decreasing　of　the

height　of　distribution　function。

　　　　　At　the　beginning　of　T, particles　are　already grown　up,　the

size　distribution　is　broadly　heterodispersed and　its　wing　had

spread　to　０．２～０．３　μｍ．　Just　after　the　endof　applying　uv　radia-

tion　pulses, there　must　be　ａ　large　amount　of　condensable　species

produced by　photochemical　reactions.　However,　in　Fig.　4.3,　we

cannot　find　the　process　that　such　small　species　condense　and　grow

to　be　　larger　particles.　　We　turn　the　power　supply　to　the

photomultiplier　on after　the　end　of　applying　uv　radiation　pulses

in　order　to　protect　the　photomultiplier.　　It　takes　about　１０

seconds　to　apply ａ１１　４０　pulses.　We　take　Ｔ＝Ｏ　as　the　time　when　the

first　pulse　is　applied.　Therefore, there　is　ａ　blind　period　of

about　。１０　seconds　at　the　beginning　of measurement.　Since　the

initial　process　to　produce　aerosol　is　very　quick　and　is　completed
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during　the　blind period。

　　　　　In　Fig. 4.3, the　character　II /-≪II”L", "J"　　and　”Ｓ¨　　respect-

ively　represents　that　the　Gauss, the　Log-normal, the　Junge　and

the　Stevenson　distribution　give　the　best　fitting　at　each　Ｔ．

There　　is　no　superiority　among　these　four　assumed　functions.　The

best　function　is　not　fixed.　It　frequently　changes　for　different

Ｔ．　　From　Fig.　4.4, which　shows　the　change　of　E, the　mean　square

deviation defined by Eq. (3.28), it　is　clear　that　there　　is　ｎ（５

significant　difference　between　the　values　of Ｅ　of　four　assumed

functions.　As　discussed　in　Sec. 3.4.2, the　particles　of　radii

larger　　than　０．１　μｍ　are　dominant　in　our　analysis.　Any　assumed

function which　spreads　broadly　in　this　radius　range　gives　more　or

less　good　fitting.　　The　particles　already　grow　up　and　spread

broadly　　in　this　radius　range, then　there　is　no　superiority　among

four　assumed　functions.　We　are　confident　of　the　results　in　this

radius　　range.　　To　the　contrary, we　cannot　mention clearly　to. the

"distribution　of　radii　smaller　than　０．１　μｍ。

　　　　　As　mentioned　in　Sec. 4.1, the　realized distribution　function

is- believed　to　be 。like　the　Log-normal　according　to　the　theory　of

condensation　by Brownian motion. However, the　Log-normal　is　no

more　than　the　approximate　solution　obtained　from　the　numerical

calculation.　　The　validity　of　the　Log-normal　distribution　at

least　in　the　visible　light　scattering　region　is　not　necessarily

assured.　　From　our　results,　the　superiority　of　the　Log-normal

seems　to　be　not　clear。

　　　　　In　the　case　that　the　uv　radiation from the Dg-lamp　is con-

tinuously　appl･ｉｅｄ・　during　the　measurement　as　in　Chapter　3, the

shape　of　distribution　function　　becomes　　narrow　　and near

皿onodisperse　　for　large　T (Fig.　3.10）．　　Unlike　that　case, such　ａ
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sharpening　of　distribution　function　for　large　Ｔ　is　not　found　this

time (Fig. 4.3).　　The　difference　is　due　to　whether　the　continuous

supply　of　condensable　species　is　present　or　not.　Such　ａ　sharpen-

ed and　nearly monodispersed distribution　is　not　　formed　without

the　supply of　new　products.

4.3.3　Temporal Change　in

　　　　　Number,Radius, Surface and Volume

　　　　　Figure　４．５　　shows　the　changes　of　moments　of　distribution

function, i.e‘　　ｌｌ゛‘imber　N(a., ), radius　R(a , ), surface　Ｓ（゛ｔｈ）　and

volume　ｖ（８ｔｈ）　calculated　from Eqs. (3.34)～(3.37).　Here　we　also

adopted　the　Stevenson distribution　throughout　Ｔ　as we　done　　in

Sec. 3.4.3.　　We　calculated　these　moments　ｆｏｒａｔｈ°Ｏ°05, 0.1, 0°１５

and　０．２　μｍ．　Compared with　the　results　from　the　case　that　the　uv

radiation　from　the Ｄ２‾１ａｍｐ　　is　continuously　applied during　the

measurement　as　in　chapter　3 (Fig.　3.13), it　　is　remarkable　　that

all moments　of　Ｎ（８ｔｈ）″Ｒ（゛１ｔｈ）゛Ｓ（１１ｔｈ）８１１ｄｖ（８ｔｈ）　change　similarly

in　phase.　　Under　the　ideal　conditions, the　volume　must　be　con-

servative, for　we　do　not　produce　any　more　condensable　species

after　　the　end　of　applying　uv　radiation　pulses.　Therefore　the

similar change　of　N(a., ) and V(a , ) suggests　the　following°　　The

process　such　as　coalescence　or　condensation　is　not　effective　in

changing　these　moment's.　The　changes　of　moments　are　mainly due　to

the　spatial　fluctuation　of　particle　distribution,　for　　instance,

convection。

　　　　　However,　the　evidence　of　aerosol　growth　is　also　found.　Let

us　pay　attention　to　the　change　of　volume,　especially　　to

Fig.　4.5(c).　　　The　ratio　of　the　partial　volume　of　particles　with

radii　0.15～０．-２　μｍ　to　that　with　radii　　０．１～0.15　μｍ　is　gradually
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increasing,　which　shows　the aerosol　growth.　Since　the　increase

of　number　of　particles　with　radii　0.15～０．２　μｍ，　is　not　clearly

found,　the　process　of　growth　is　due　to　deposition　of　small

particles (a<0.05　μm) onto　the　surface　of　large　particles。

　　　　　Comparing　Figs.　4.5 (a), (b) (for　Ｐ＝１．８ｍＪ／ｃｍ２・pulse)　and

(c), (d) (for P=1.3　mJ/cm・pulse) ,　the　volume of　the　former　cases

is　　increasing　little　by　little　for　large　Ｔ．　０ｎ　the　other　hand,

the　volume　of　the　latter　cases　　is　decreasing.　　　Since　　the

quantitative　reproducibility　is　not　necessarily good as　remarked

before, it　is　not　clear　whether　the　difference　is　correctly　due

to　the　Ｐ dependence　of　aerosol　formation　or　not.

4.3.4　Aerosol　Formation at　the　Beginning

　　　　　For　T=150～２００　sec　　in　Fig. 4.5,　all　moments　of　number,

radius, surface　and　volume　once　decrease　rapidly, then　they　again

increase.　Such　ａ　rapid decrease　is　also　shown　in　the　　temporal

change　　of　　Obs　　げｉｇ．･　4.2). What　　is　　the　cause　of　this rapid

decrease？

　　　　　To　survey‘this, we　studied　the　changes　of　distribution　f unc-

tion　and moments　with　finer　time　resolution　for　Ｔく３００　sec.　　The

results　　are　shown　in　Figs.　４．６　and　4.7, where (a) and (c)　re-

spectively　correspond　to　the　cases　of (a) and (c)　in　Figs.　4.2,

４．３　and　4.5.　From　Figs.　４．６　and　4.7, it　is　found　that　both　dis-

tribution　function　and moments　dramatically　change　at　the　begin-

ning。

　　　　　In　Fig. 4.6,　the　distribution　is　already　developed　at

T=20　sec .　　It　is　peculiar compared with　the case　that　the　uv

１･adiation　　from　the Ｄ２‾１ａｍｐ　　is　continuously　applied during　the

measurement　as　in　Chapter　３．　　Let　　us　　pay　　attention　　to
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Fig. 4.6　　　Temporal change　in particle size distribution at

the beginning.　In the ｃａｓｅ．ｏｆ（ａ），Ｐ＝１．８ｍＪ／ｃｍ２・pulse;　and

in (c), P=1.3 ｍＪ／（ｌｍ２･pulse.　Symbols　"G", "L", "J” and ”Ｓ¨

respectively represent that the Gauss, the Log-normal, the

Junge and the Ｓｔｅvenson distribution give the best fitting

at the time Ｔ after the irradiation of ultraviolet light

pulses.
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Figs.　4.5(a)　Etnd　4.6(a) (both　are　for　P=1.8 mJ/cm・pulse) .　　As

time　elapses, the　wing　of　distribution　function　spreads　ｔ０　larger

radii　and　the　height　of　it　decreases　rapidly.　　As　the　distribu-

tion　changes,　the　moment　reaches　its　maximum at　Ｔ＝３０　sec, then

decreases　rapidly, which　shows　the　growth　of　aerosol　　is　at　　its

peak　for　Ｔ～３０　sec, then　it　decreases。

　　　　　As　　the　terminal　settling　velocity　of　ａ　particle　with　radius

０．１　μｍis　about　１０“４ｃｍ／ｓｅｃ．４〉The　thickness　of　aerosol　cloud　is

about　ｌ　cm　(the beam　size　of　the　KrF　laser　at　the　cell　is about

１×１　cm ) and we　probe the　center　of　it by　the　probe　beam　with

diameter　about　ｌ　mm, then　it　takes　about　ｌ　hour　for　the　settling

to　sweep　particles　away completely.　　Such　ａ　quick　disappearance

of　pai'ticles　cannot　be　explained by　the　gravitational　settling 。

　　　　　From　Fig. 4.7,　the　number　of　particles　of　radii　０．２～０．３　μｍ

and　that　of　radii　　smaller　than　０．２μｍ　fluctuate　together　in

phase.　　The　rapid disappearance　of　particles　seems　to　be　due　to

the　convection.　The　convection　carries　particles　away　from　the

probe　beam.　　As　　the　particles　group　in　the　small　volume　in　the

air　at　the　begi-nning　of　T, even -small　motion　causes　the　rapid

disappearance　of　particles　　from　the　view.　　As　time　elapses,

particles　diffuse　in　space,　then　such　ａ　rapid change　is　no　longer

observed when　the　cloud　of　particles　is　carried　into　the　probe

beam　again by　convection。

　　　　　工ｔ　　is　difficult　to　discuss　　the　Ｐ dependence　of　moments

quantitatively because　of　this convection.　　However,　comparing

Figs.　4.7(a) and　（ｃ　　), the　existence　of　Ｐ dependence　is　clear・

The ･higher　Ｐ　is, the　larger　the　amount　of　produced　aerosol　ｉｓ。

　　　　　Comparing　Figs.　4.7(a) and (c), we　find　the　　following.　　　In

the　case　of　Ｐ＝１．８ｍＪ／ｃｍ２・pulse　(for　Fig.　4.7(a)), the　peaks　of
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moments　are　observed.　　０ｎ　the　other　hand,　in　the　case　of

P=1.3　mJ/cm・pulse (for　Fig.　4.7(c)),　peaks　are　not　observed・

Large　Ｐ　seems　to　cause　the　delay　of　aerosol　growth.　However・　we

do not know the mechanism　so　far.

４．４　　Conclusions

　　　　　In　this　chapter, we　reported　on　the　aerosol　formation　from

p-dichlorobenzene　induced by ａ KrF　excimer　laser (λ=249　nm) .　　We

studied　the　temporal　change of　its　particle　size　distribution　in

detail.　The method was　the　same　as　used　in Chapter　３，　i .e we

measured　the　wavelength-　　and　polarization-dependence　of　the

light　　scattering　by　aerosol　particles,　then　determined　the

adjustable　parameters　of　the　assumed　size　distribution　function

so　that　the　measured dependence　and　the　theoretically　calculated

dependence　would　agree　well。

　　　　　Unlike　the　experiir!ent　　reported　in　Chapter　３，　where　we

　　●produced　aerosol　by continuous　exposure　to　uv　radiation, we　in-

itially　produced　the　large　amount　of　condensable　species　in　ａ

brief　time　by　applying　the　４０　pulses　of　uv　radiation　from　the　KrF

excimer　laser　into　the　vapor　of　p-dichlorobenzene, then　observed

the　change　of　the　size　distribution　of　particles　which　were　con-

densed　from　the　species　without　any　more　production　of　them。

　　　　　Under　such　ａ　condition, it　is　expected　that　the　monodispers-

ed　distribution　composed　of　　initially　produced　　condensable

species　　is　　first　built　up,　then　it　is　developed　into　broadly

dispersed distribution by condensation　or　other　aerosol　growth

processes。

　　　　　Contrary　to　our　expectation,　we　could　not　observe　the

process　because　the　process　was　very　quick　and　was　completed
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during　　the　brief　time　of　applying　uv　radiation　pulses.　At　the

beginning　of　measurement,　the　size　distribution　was　already

developed.　　　It　is　desirable　to　produce　the　initial　aerosol　by

exposure　to　ａ　single　uv　radiation　pulse.　　Considering　the　　fear

that　the　　latter　one　of　series　of　pulses　may　destroy　the　con-

densable　species　produced by　the　　former　pulses,　production　by

single　pulse　is　desirable, too。

　　　　　For　that　attempt, it　is　necessary　to　rise　the　power　of　the

excimer　laser or　the　sensitivity　of　the　detection　of　the　scat-

tered　light.　The　former may destroy　the　products, so　the　latter

is　better。

　　　　　The　measured　size　distribution　was　different　　in　　some

respects　　from　the　results　obtained　in　the　case　that　aerosol　was

produced by continuous　exposure　to　uv　radiation　as　in　Chapter　３，

The　sharpening　of　the　distribution　for　large　Ｔ　is　not　found.　The

distribution　was　developed　rapidly　in　the　initial　brief ■time

(about　less　than　３０　sec), then　it was　spread broadly　and　its　wing

reached　the　radii　no　less　than　０．３　μｍ。

　　　　　The　comparison　with　the　Brownian　condensation　theory　is　not

achieved, for　the　quantitative　discussion　is　difficult　because　of

the　convection.　As　the　power　of　the　KrF　laser　is　concentrated　in

narrow　wavelength　range, the　convection　caused by　the　heating　up

of　the　wall　of　the　cell　or　that　of　the　air　in　the　cell　　is　ef-

fectively　suppressed　ｃｏ!npared　with　the　case　that　the　radiation

from　the　Ｄ２‾１ａｍｐ　is　applieddirectly without　filtering° However

･the　suppression　seems　to be　not　enough・for　the　experiment.　of　this

type.　　　The　measure　to　suppress　the　convection　is　necessary.　　The

cell　with　temperature　gradient　may be　effective.



CHAPTER ５

１０３

INFLUENCE OF OXYGEN　IN SURROUNDING GAS AND CHLORINE　IN

　　RAW MATERIAL ORGANIC　COMPOUND ON AEROSOL FORMATION

５．１　　Introduction

　　　　　InChapter　2, we　studiec!　the　aerosol　formation　from　twenty

kinds　　of　organic　compounds　under　three　different　experimental

conditions：( 1) exposure　to UV　radiation　from　ａ Ｄ２‾１ａｍｐ゛　which

radiates　uv　radiation　of　continuous　spectrum　from　１８０　to　４００　nm

in　wavelength; (2) exposure　to　uv　radiation　from　ａ　KrF excimer

pulse　　laser,　which　radiates　uv　radiation　of　monochromatic

spectrum with　wavelength　２４９　nm; (3) exposure　to ozone　(O3)　in

the　absence　of　uv ｒａｄｉａｔｉｏｎ．５１）　According　to　the　experimental

results　obtained　in　Chapter　2, we　can　classify　the　compounds　into

four　types。

　　　　　Type　ｌ　is　active　to　both　uv　radiation　from　the　KrF　laser　and

ozone.
Aniline, phenol, styrene, a-　and　β-pinene, isoprene　and

limonene　belong　to　this　type.　　In　this　case, not　only　the　process

related　to　ozone　but　also　the　process　related.to　uv　light　absorp-

tion　concurrently　proceed。

　　　　　Type　２　is　active　to　uv　radiation　from　the KrF　laser　but

inactive　to　ozone.　This　type　consists　of　benzene, chlorobenzene,

ｏ－　タ　ｍ-　andp-dichlorobenzene, naphthalene, toluene　and　xylene・

They　　are　aromatics.　There　is　no　compound　of　this　type　belonging

to　terpenes.　　In　this　case, the　process　related　to　ozone　is　not

dominant.　　The　process　related　to　uv　light　absorption　including

the　wavelength　of　２４９　nmmust　be　essential.
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　　　　Type　３　is　inactive　to　the　KrF　laser　but　active　to　ozone.　In

this　case, the　absorption　of uv　light　by　organic　compounds　is　not

essential.　The　reaction with　ozone　produce　aerosol.　However,　as

far　as　we　know, there　is　no　compound belonging　to　this　type。

　　　　Type　４　is　inactive　to　bothuv　radiation　from　the　KrF　laser

and　ozone.　　This　group　consists　of　benzoic　acid,　diphenyli

cyclohexane, camphene　and camphor.　The　process　related　to　the　uv

light　absorption with　wavelengths　shorter　than　２４９　nm　must　be

essential.　　Ozone　has　nothing　to　do　with　aerosol　production　at

least　in　the　beginning。

　　　　It　must　be　possible　to　determine　more　directly　and　more

clearly　whether　the presence of oxygen (O^) ,　which　is　also　the

origin of Ｏ３ p゙lays major roles　in　the　photochemical　aerosol

formation or ｎｏｔ。

　　　　In　　this　chapter
I　we　attempt　　to　answer　the　question

more

directly　than　in　Chapter　２．　We　will　report　on　the　aerosol　forma-

tion　experiments　using　ａ　fully airtight　cell　　filled　with　pure

argon　(Ar)　gas.　　In　the　cell, the　pressure　of　remaining　Ｏ２　is

less　than　about １０゛５　torr.　　We　test p-dichlorobenzene　and　ａ－

pinene,　and　observe　whether　the　aerosol　is　produced　or　not.　The

uv　radiation　source　used here　is　ｔｈｅＤ２‾１ａｍｐ’

　　　　In　addition　to　the　experiment　above, we　try　to　identify　the

products　　　from　　p-dichlorobenzene　　and　　a-pinene　　by　　gas-

chromatograph-mass-spectroscopy (GCMS) and　infrared-spectroseopy

(IR).　If Ｏ２　is　indispensable in aerosol formation, the　traces　of

０２　must　be　found　in　theproducts。

　　　　One　more ｌ　experiment　will we　present　here.　The　aerosol

producibility　of　p-dichlorobenzene　is　the　highest　among　the　com-

pounds　　we　tested　in　Chapter　２．　From the　observation by　eyes, it
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seems　that　aerosol　producibility of　p-dichlorobenzene　is　excel-

lent　compared with　other　compounds　when　exposed　to　uv　radiation.

However, as　far　as　we　know, there　is　no　report　which　refers　　to

the　high　aerosol　producibility　of　p-dichlorobenzene　so ｆａｒ．１４）

　　　　　Comparing　p-dichlorobenzene　with　other　compounds, we　notice

that　the　peculiar　feature　of　p-dichlorobenzene　　is　to　include

chlorine (Cl) in　the　molecule。

　　　　　As　to　the　role　of　Cl　　in　photochemical　reactions, a　in-

teresting　and　significant　　problem　　is　　recently　　presented

recently.　　Freons　(CFC13,　CF2C12).　゛゛hich　are　very　stable　com-

pounds　and　are　widely used as　ａ　coolant　of　refrigerator　or　ａ　gas

of　splay, go　into　the　upper　atmosphere　of　３０～４０　km　in　altitude,

where　they　absorb uv　radiation　of　short　wavelengths　　in　solar

radiation　and dissociate　to　be ClOχ（゛ニ0,1), i.e.

Freons　　＋　　hu　　　‥・〉　　Ｃ１０χ (5.1)

The　Cl　radical　produced　in　this　way　reacts　with　Ｏ３　in　the ozone

layer　as

and

03 十 Ｃ１ －一一〉
02

＋ Ｃ１０

○　　÷　　ClO　　‾‾‾〉　　０２　－＋　　Ｃ１

(5.2)

(5.3)

As　Cl　plays　ａ　role　ｏｆ’ catalysis ， there　is　ａ　fear　that　Cl　effec-

tively　destroys　the　ozone　　layer　in　spite　of　its　very　small

amount.　As　ａ　result　of　destroy　of　ozone　layer,　injurious　uv

radiation　of　short　wavelengths　may　reach　the　ground and/or　the

heat　balance　of　the　earth may　be　ｂｒｏｋｅｎ．２０）

　　　　　It may be possible　that　the Ｃ１　１ｎ　the compound　such as　ｐ－

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　●

dichlorobenzene　also　plays　ａ　similar　significant　role　and　con-
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tributes　largely　to　aerosol　　formation　in　the　organic　aerosol

formation。

　　　　　To　　study　the　aerosol　producibilities　of　chlorides, we　ex-

amlned　the　aerosol　formation　from mono-(CgHcCl) ,　　di-(CgH.Cl2),

tri-(CgH3Cl3),　tetra-(CgH2Cl^)　and hexachlorobenzene （Ｃ６Ｃ１６）ｂｙ

uv　radiation.　The　aerosol　producibility　of　each　compound　is

evaluated　by　the　measurement　of　light　scattering　from produced

particles.　The method　to　measure　light　scattering　is　the　same　as

used　in　Chapter　３　and　４．

５．２　　Aerosol　Formation Experiments　under　Several　Conditions

5.2.1　Aerosol　Formation　from p-Dichlorobenzene and　o-Pinene

　　　　　inPure Argon Gas

　　　　　The　experimental　setup　is　shown　in　Fig. 5.1.　Ａ１１　tubing　　is

made　of　pyrex　glass　except　for　the　window　of　the　cell, which　is

made　of　quartz　transparent　to　uv　radiation　of　wavelengths　　longer

than　　１８０　nm.　　The　cell　volume　is　about　１００　cc.　Ａ１１　removable

joints　keep airtightness　by　viton　0-rings,　and　ａ１１　　stopcocks

Ｃ１～Ｃ４　are　teflon　cocks　　in　order　to　avoid　the　use　of　stopcock

grease.　　There　is　ａ　report　that　even　silicon grease　has　an　　in-

fluence　　upon the　aerosol ｆｏｒｍａｔｉｏｎ．３１）　We　assured　in　the

preliminary　experiment　that　the　vapor　of　silicon　grease　produced

aerosol　　in　spite　of　its　very　low　vapor　pressure　when　exposed　to

uv　radiation　from　the Ｄ２‾１ａｍｐ’　Inaddition, liquid　of　　a-pinene,

which　we　will　test　in　this　experiment, dissolves　silicon　grease,

as　ａ　result, the　stopcocks　become　fixed,　and　the　experiment

becomes　impossible。

　　　　　First　all　　the　tubing　and　the　cell　are　pumped　down　and bak-

ed.　Especially　the　inner wall　０ｆ　the　cell　is　exposed　to　the　uv
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radiation　applied　through　the　quartz window　from　ｔｈｅＤ２‾１ａｍｐタ　and

cleaned.

4×10
－６
torr.

The　　pressure　　of　remaining　gas　　finally　reaches

　　　　　Then　we　shut　Ｃ３　andC4, leak　the　air　into　the　sample　holder

and　remove　it.　　We　first　put　p-dichlorobenzene　of　about　５　ｇ　in

the　sample　holder, then　install　it　again.　Opening　Cl　and Ｃ２， we

exhaust　　the　air　from　p-dichlorobenzene.　　After　fully pumping

down, we　close　C2, cool　the　empty branch　of　sample　holder　by　ice

water　and heat　the branch　containing　p-dichlorobenzene　by　ribbon

heater.　Then　p-dichlorobenzene　becomes　to move　to　the　cooled

branch by　subl imation ．　During　the　movement, the　air　in　the　solid

of　p-dichlorobenzene　　is　released.　　When　the　movement　ｉ･ｓ　com-

pleted, we　open　Ｃ２　and pump down　the　sample　holder.　　Repeating

this　operation　５～１０　times, we　can　make　the　pressure　of　remaining

gas　about　４×１０゛６

.０f

torr.

Then we　close　Cl　and　open　the　Ｃ２　and　Ｃ４．　Cooling　the　wall

the　　cell　by　ice,　we　condense　ａ　small　amount　of　ｐ－

dichlorobenzene　onto　the　wall　０ｆ　the　cell.　　Then　we　close　Ｃ２，

open　Ｃ３　　and　fill　　the　cell　with　pure　Ar　gas　at　about　ｌ　atm, at

room　temperature.　After　closing　C4, we　apply uv　radiation　from

the　Ｄ２‾１ａｍｐ　into　the　cell　and　observe　whether　aerosol　is produced

or ｎｏｔ。

　　　　　After　testing　p-dichlorobenzene, we　disassemble　the　tubing

to　pieces.　In　order　to　remove　p-dichlorobenzene　we　wash　the

cocks,　the　joints,　the　cell　and　the　sample　holder　by　acetone,

ethanol　and pure　water, then　fully dry ．them.　　We　dispose　other

glass　　tubing　off　and reconstruct　the ‘system with　new pyrex　glass

tube,　for　　it　　is　difficult　　to　remove　the　p-dichlorobenzene

deposited　on　the　wall　０ｆ　the　tubing　glass.　Using　the　newly con-
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structed　system, we　next　test　a-pinene　similarly

5.2.2　Identification　of Products

　　　　　　fromp-Dichlorobenzene　and　a-Pinene

１０９

　　　　　To　identify　the　products, we　prepare　the　sample　for　analysis

by　the　procedure　shown　in　Fig　5.2.　　　We　put　ａ　sample　（ｐ－

dichlorobenzene　or　　o-pinene)　in　　the　５０　cc　beaker　and apply　uv

⇒

Fig.　５．２

目
白
▽
Ｅ

Preparation of sample for gas-

chromatograph-mass-spectroscopy

radiation　from　ｔｈｅＤ２‾ｌａｍｐ°　After　an　hour　exposure　to　ＵＶ゛　we

wash　　out　the　products　deposited on　the　wall　of　the　cell　by

acetone.　Repeating　this　operation I we　condense　the　products　　in

the　acetone.　The　sample　is　analyzed　by GCMS.　The　preparation　of

the　sample　for　GCMS　is　not　done　in　the　pure　Ar, but　in　the　usual

air.

5.2.3 Aerosol　Formations　from

　　　　　・Mono-,Di-, Tri-, Tetra-　and Ｈｅχachlorobenzene

In　order　to　evaluate　the　aerosol　producibilities　of　kinds　of
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chlorobenzenes, we　measure　the　intensities　of　the　light　scattered

by aerosol　particles　which are　produced　from　mono-;　　１，４　di-

(para-);　　1.2,3　tri-: 1,2,4,5　tetra-　and hexachlorobenzene　by uv

radiation。

　　　　　The　experimental　setup　is　the　same　as　used　in　Chapter　３

(Fig.　3.7) .　　　The　　uv　　radiation ｌ　from　the Ｄ２‾１ａｍｐ　ismade

monochromatic　through　the　monochromator　tuned at　２２０　nm　in　wave-

length, then　applied　into　the　call, which　contains　ａ　small　amount

of　compound in　it.　　The　monitor －　beams　from　the Ar laser

（λ=457.9　nm) and　the　He-Ne　laser (λ=632.8　ｎｍ）　are　applied　into

the　cell　　from　the　antiparallel　direction　of　the　uv　radiation

irradiation.　The　intensities　of　the　scattered　light　are　detected

by photomultiplier　from　the　direction with　the　angle　９０°from　the

direction　of　the　propagation　of　monitor beams, and recorded。

　　　　　We　compare　the　aerosol　producibility　of　each　compound　based

on　the　　intensity　of　the　scattered　light.　This　time, we　do　not

･attempt　to　estimate　the　particle　size　distribution.

５．３　　Experimental　Results and Discussions

5.3.1　Influence　of　the Presence　of Oxygen on

　　　　　Aerosol　Formation and Constituents　of Products

　　　　　As　to　the　results　of　experiments　with　pure　argon　gas, the

aerosol　　formation　from　p-dichlorobenzene　was　observed.　Ａ　large

amount　of　aerosol　was produced in　ａ　few　minutes　after　the Ｄ２‾

lamp　on.　　After　two　hours　exposure　to　uv　light, a　large　amount　of

aerosol　was　observed　floating　in Ar　gas　in　the　cell。

　　　　０ｎ　　the　other　hand,　for　the　case　of　the　aerosol　formation

from　a-pinene, a　large　amount　of　aerosol　was　similarly　produced

within　ａ　　few minutes　after　the beginning　of uv　irradiation, but
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most　of　it　disappeared　in　thirty minutes　in　spite　of　continuous

exposure　to　uv　radiation.　After　two　hours　exposure　of　UV, only

small　amount　of　aerosol　vias　observed　floating　in　the　cell.　　Then

we　　turned　the　Dg-lamp　ｏｆｆ°　An　hour　later, after　assuring　that

there　is　no　aerosol　observed　in　the cell, we　again　turned　the　Ｄ２‾

lamp　on.　　Then　ａ　large　amount　of aerosol　was　reproduced within　ａ

　　　　　　　　　　　　　　　　　　　　　　　　●　　　　　　　　　　　　　　　　　　　　　　　　・

few　minutes.　　However,　one　hour　later, the　aerosol　disappeared

again　ｉｎ’ spite　of continuous　exposure　to　uv　radiation.　When　the

most　of　aerosol　disappeared, we　leaked　the　cell　and　introduced

air　in　it.　Then　the　aerosol　appeared　again　and　it　did no　longer

disappear　after　two　hours　exposure　to　uv　radiation.

　　　　　The　results　from GCMS　shows　two　kinds　of　pinene-monoxides,

゜-carapholene　aldehyde　and　iso-pinocamphene (both　３゛ｅ　Ｃ１０Ｈ１６０）８１｀ｅ

found　in　the　products　from　a-pinene.　From　the　preliminary ana-

lysis　　by　ＩＲ，〉Ｃ＝Ｏ and　-0-H bonds　were　found　in　the　products　from

a-pinene, which　supports　the　results　from GCMS.

　　　　　As　to　the　products　　from　p-dichlorobenzene,　we　could　not

separate　the　constituents　　from　the　sample　ｅχcept　for　the　raw

material　by　gas-chromatography (GC)・

　　　　　Based　on　the　results　obtained above,　we　conclude　＆ｓ　　fol-

lows.　　As　to　the　aerosol　from p-dichlorobenzene, the　presence　of

０２　is　not　indispensable for　aerosol formation,　which　is　con-

sistent　with　the　conclusion　in Chapter　2, that　is, the　uv　light

absorption of　p-dichlorobenzene　mast　be　the　beginning　of　aerosol

formation　and Ｏ２　or　Ｏ３　plays　no　significant　role.

　　　　　To　the　contrary, as　to　the　aerosol　formation　from　a-pinene,

the　presence　of Ｏ２ seems　to be　essential.　According　to　the　con-

elusion in　Chapter　２，　the　aerosol　formation　from　a-pinene　in-

eludes　two　processes, the　one　related　to O3　and　the　other　having
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no　concern　with Ｏ３　but　related　to　UV light　absorption.　The

results　obtained　here　that　the　aerosol　is　produced　in　the　absenc･ｅ

of ０２　is consistent　with　the　conclusion　in Chapter　2, i.e.　there

is　ａ　process　which　proceeds　without　Ｏ３　in addition　to　the process

related　to　Ｏ３’　However
I the　products　produced

in　the　absence　of

０２　seems　not　to　be stable,　for　the　aerosol　produced　in　the

absence　of　Ｏ２　disappears　ｓｏｏｎ°　To obtain　the　stable products,

the　presence　of　０２　is　necessary.　The　products　may　be　stabilized

by　oxidation.。

　　　　　The　reaction　in　the　absence　of　ｏ　seems　to　be　reversible。
　　　　　　　　　ヽ　　　　　　　　　　　　　　　　　　　　　２

for　the　aerosol　becomes　reproducible　after　an　hour　lights-out.

The　aerosol　in　the　absence　of O2　may　be　stable　only　under　ａ

thermal　unequilibrium　state, for　example, under　ａ　large　gradient

of　temperature　in　the　cell.　When　the　cell　is　uniformly heated up

by the　radiation　from　the D2-lamp,　　the　aerosol　　is　no　longer

stable　and disappears。

　　　　　Though　there　is　ａ　report　that　pinene　trioxides　are　found　in

the　smog　chamber　experiments　with　pinene　simulating　photochemical

ｓｍｂｇ，１４）　this　work　is　thefirst　report of　monoxide　of a-pinene　as

far　as　we　know.　Anyway　the　stable　constituents　of　products　　from

a-pinene　are　oxides。

　　　　　To　　the　contrary, we　failed　in　identifying　the　products　from

p-dichlorobenzene.　The　solution　of　p-dichlorobenzene　in　acetone

is　colorless　and　transparent, whereas　the　acetone　which　dissolves

the　products　　from　p-dichlorobenzene　is colored ａ　little　brown,

which　shows　some　constituents　　of　products　are　　in　solution.

However　we　could･ not　separate　them by　GC ．　The　constituents　may

be　too　heavy　to　be　analyzed by ＧＣ。

　　　　　We　will　present　one　more　remark　as　to　the　influence　of　sur-
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rounding　gas　on　aerosol　formation.　Results　from　chapter　3, espe-

cially　from　Sec. 3.4.8,　suggests　　that　the　　influence　of　sur-

rounding　gas　is　as　pure　Ng. air, pure O2　ｉｎ･order　of　the　amount

of　produced　aerosol　０ｒ　the　velocity　of　aerosol　growth.　Though

the　ｅχperiment　　in　Chapter　３　ｌ　is　devoted　to　aerosol　　from　ｐ－

dichlorobenzene,　this　　tendency　is　general　for　any　compound, and

is　independent　of　the　types　of　compounds.　Even　when　the　compound

to　be　tested　is　a-pinene, the　velocity　of　aerosol　production　in

pure　Ｏ２　（″１　atm　in　ｐｌ゛essure) is　much　slower　than　in　air　or　in

pure　Ｎ２°　It　is　easily assured by eyes without　any　quantitative

measurement　that　the　aerosol　production　is　extremely delayed　in

pure　Ｏ２°　As　shov゛１１　in　Ｆｉｇ°３°13, V゛here (a)タ(b) a「｀ｄ（ｃ）　are　re-

spectively　in the　cases　that　the　surrounding　gas　is air, N　and

０２゛　the　total　volume　of　aerosol　which　is finally　produced　does

not　differ　for　each　case　of pure　Ｎ２″ａｉｒ　and pure Ｏ２’ The　effect

of　the　presence　of Ｏ２　seems　to　delay　the　aerosol　growth.

　　　　　The　scattering　cross　section　of　Ｏ２　or Ｏ３　in　the　wavelength

range　we　concerned　is　too　small　to　explain　the　delay by uv　light

absorption.　IN　other　words, it　is　unlikely　that　uv　light　absorp-

tion　of　Ｏ２　or　Ｏ３　weakens　the　intensity　of　UV, as　ａ　result, the

photochemical　　reaction　to　produce　　aerosol　　is　　suppressed.

Therefore,　in　the　aerosol　production　system containing　dense Ｏ２

（～　１　atm　in　pressure)･, there　must　be　ａ　certain　photochemical

mechanism　to　delay　aerosol　　growth.　　For　example,　０　radical

produced photochemically　from　０２ (see　Ｅｑ°(2.4)) may destroys　the

products　or　other･ indispensable　species　such　as　OH.
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5.3.2　Influence　of　Chlorine　in Benzene Chlorides

　　　　　onAerosol　Formation

CHAPTER ’５

　　　　　The　temporal　change　of　the　light　　intensities　　scattered　by

aerosol　　particles　produced　from　mono-, di-, tri-, tetra-　and

hexachlorobenzene　are　shown　in　Fig.　5.3.　　The　scattered　light

intensity　　Obs　　in　Fig. 5.3　are　defined as　same　as　in Chapter　ｙ

(see　Eq. (3.20)), but　the　unit　is　arbitrary one, for we　could ｎｏｔ･

compare　these five　cases　quantitatively.　　When　the　experimental

condition　for　　１，４　dichlorobenzene　was　as　same　as for　other　com-

pounds, the　scattered　light was　too　strong　to　be　measured.　　Then

we　unv^illi'ngly　made　the　slit　width　of　the　monochromator　narrower

in　order　to　decrease　the　power　of　incident　uv　radiation.　　other

experimental　conditions　are　same　for　each　case.　The　slit　width

was　１．０　mm　for　１，４　dichlorobenzene　and　１．５　mm　for　others.　　Even

with　such　ａ　handicap, aerosol　producibility ‘of　dichlorobenzene　is

excellent.　We　conclude　that　the　aerosol　producibilities　of　these

compounds　　are　　as　　follows.　　The　aerosol　producibility　of

dichlorobenzene　　is　excellent.　　Then　those　　of　　mono-　　　and

trichlorobenzene　　follow　in　this　order.　The　producibilities　of

tetra-　　and ｈｅχachlorobenzene　are much　　inferior　compared　with

those　　of　　other　　three.　　　In　　the　　cases　of　tetra-　　and

hexachlorobenzene　in　Fig. 5.3, 1°^-　randomly　fluctuates,　which

suggests that　little　amount　of　aerosol　was　produced and　the

signal　０ｆ　the　scattered　light　is　buried　in　the　noise.　　However,

when　the　uv　radiation from　the　Ｄ２‾１ａｍｐ　is　applied　directly

without　any　ｆｉ１･tering　large　amount　of　aerosol　　is　also　produced

from　tetra-　and　ｈｅχachlorobenzene.

　　　　　The　compound　that　　includes　more　number　of　Cl　atoms　in　its
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molecule　do　not　necessarily　produce　　larger　amount　of　aerosol.

Figure　５．４　　shows　the λmax　and　log　Ｅ　for　each　compound, which

represents　that　the　logarithm　of　molar　absorption　coefficient　　ｓ

takes　　the　maximum value １０ｇ　Ｅ　at　wavelength　λｍａｘ°　Asthe　number

of　Cl　included　in　ａ molecule　increases,　the　band　of　uv　light

absorption　shifts　ｔ０　longer　wavelengths.　Under　our　experimental

conditions, the　wavelength　of　incident　uv　radiation　is　　fixed　at

２２０　nm.　　If　the　distance　between λmax　and　the　wavelength　of　ｉｎ‾

cident　uv　is　dominant, monochlorobenzene　must　give　the　highest

aerosol　producibility‘　　　However, the　log　Ｅ　and　λmax　do　not　mean

the　true　maximum but　the　local　maximum.　In　general,　strong　uv

light　absorption　of　aromatics　such　as　chlorobenzenes　spreads

broadly　at　about　２００　nm　in wavelength.　Therefore　the　low aerosol

producibility　of　the　compound　which　contains　many Cl　atoms　in　its

molecule　cannot　be　explained　from　the　position　of　　λｍａｘ°　　The

geometrical　feature　of　dichlorobenzene　must　give　the　high　aerosol

producibility.　　Therefore　it　may be　interesting　to　study　aerosol

producibilities　of　o-, m-　and　p-dichlorobenzene　quantitatively・

On　the　other　hand,･the　role　of　Cl　dose　not　clear　yet.

５．４　　Conclusions

　　　　　In　　the　　aerosol　　formation　from　p-dichlorobenzene,　the

presence　of Ｏ２　plays no　significant role.　In　the　absence　of Ｏ２タ

ａ　large　amount　of　aerosol　is　produced　and　the　products　are　fully

stable。

　　　　　０ｎ　the　other　hand,the　aerosol　produced　from　a-pinene　in　the

absence　of Ｏ２　isnot　stable　and disappears　　soon. To　stabilize

it,　　the　presence　of Ｏ２　in　the　surrounding gas　is　indispensable.

The　stability｡ of　products　may be　caused by　oxidation.
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　　　　　Two　kindsof　pinene-monoxide, a-campholene　aldehyde　and　iso-

pinocamphene　were　found　in the　products　from　a-pinene ，　which　is

consistent　with　the　the　conclusion　obtained above.　０ｎ　the　other

hand, we　could not　identify　the　constituents　of　products　from　ｐ－

dichlorobenzene。

　　　　　The　aerosol　producibility　of　dichlorobenzene　is　the　highest

among　five　chlorobenzenes　tested here.　Then　those　of mono-　　and

trichlorobenzene　　follow.　The　aerosol　producibilities　of　tetra-

and hexachlorobenzene　are　much　lower　than　those　of　previous

three.　The　number　of　Cl　in　ａ molecule　seems　not　to　correlate　the

aerosol　　producibility.　　The　geometrical　feature　of　molecule　may

be　more　ｄｏｍ･inant.
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CONCLUSIONS

１１９

　　　　　In　this　thesis, we　have　reported　on　the　aerosol　　formation

from　organic　compounds　by　ultraviolet (UV) radiation.　　Twenty

kinds　of　organic　gases　produce　aerosol　when　exposed　to　uv　radia-

tion.　　Typical　compound　is, for　example, p-dichlorobenzene.　The

effective　wavelengths　of　uv　radiation　are　shorter　than　about

３１０　nm,　and　their　long　limits　differ　ａ　little　for　each　compound.

These　　effective　wavelengths　are　much　shorter　． than　that　of

photochemical　smog。

　　　　　Wehave used ａ UV light source　of　continuous spectrum (a　Ｄ２‾

lamp;　　１８０くλく４００　ｎｍ）　and　ａ　monochromatic　source (a KrF　excimer

laser;　λ= 249　nm), then　compared　the　difference　of　aerosol　　forma-

tion　　in　each　case.　We　have　also　studied　the　aerosol　producibil-

ity　of　each　compound with　ozone　in　the　absence　of uv　radiation。

　　　　　As　to　the　aerosol　produced　from　p-dichlorobenzene, we　have

studied　in detail　the　particle　size　distribution and　its　temporal

change　in both　cases　of　continuous　exposure　to uv　radiation (from

the　Ｄ２‾1311｀ｐ）　and　brief　exposure　゛ｔ　the　beginning (from　the　KrF

laser)。

　　　　　We　have　also　examined　the　aerosol　　formation　from　　ｐ－

dichlorobenzene　and　a-pinene　in pure　argon gas　to　study　the　role

of Ｏ２　in photochemical　process.

　　　　　Thenwe　have　tried　to　　identify　the　products　　in　aerosol

produced　from　p-dichlorobenzene　and　a-pinene.　In　addition, in

order　to　study　the　role　of　chlorine　in　raw material　molecule, we
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have　studied　the　aerosol　producibilities　of　several　kinds of

benzene　　chlorides

ｈｅχachlorobenzene).

(mono一タ di-, tri-, tetra and

　　　　　In　Chapter　ｌ， we　have　presented　!ｌ　brief　review of　the

natural　and artificial　aerosols.　We　have　introduced　the　aerosol

of　our main　interest, the　aerosol　formation　from organic　gases　by

uv　radiation.　The　outline　of　this　thesis　has　been　explained。

　　　　　In　Chapter　２， we　have　reported　on　the　aerosol　formation

experiments　using　ａ Ｄ２‾１ａｍｐand ａ KrF　laser.　In addition　to　the

experiments　using　these　sources　of　uv　light, we　have　studied

whether　aerosol　was produced　or not　by　reaction with　Ｏ３ in　the

absence　of　uv　radiation.　As　ａ　result, we　found　that　twenty kinds

of　organic　compounds　produced aerosols　when　exposed　to　uv　radia-

tion　of　continuous spectrum　from　the　Ｄ２‾１ａｍｐ’　　The　effective

wavelengths　of　uv　radiation are different　for　each　compound, but

their　long　limits　are　not　longer　than　about　　３１０　nm.　　We　･have

presented　the　classification　of　them according　to　the　activity　to

０３　and　uv　radiation　from　the　KrF laser, and discussed　the　dif-

f erence　of　process　in　each　case。

　　　　　Type　ｌ　is　active　toboth　uv　radiation　from　the　KrF　laser　and

０３°　Aniline,　phenol, styrene, a-　　and　β-pinene,　isoprene　and

limonene　belong　to　this　type.　　The　aerosol　formation　of　this　type

includes　　two　different　processes, the　one　is　that　the　uv　light

absorption　of　organic　compound　is　essential,　and　the　other　　is

that　０３　　produced photochemically　from Ｏ２　in the　air　reacts　with

organic　compound and　produces　aerosol.

　　　　　Type　２　is　active　to uv　radiation　from　－ the　KrF　laser　but

inactive　　to　Ｏ３‘　ＩＩ　The　absorption　band　of　organic　compound　ｉｎ‾

eluding　２４９　nm, the　wavelength　of　the　KrF　laser, must　be　essen-
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tial.　This　type　consists　of benzene, chlorobenzene,　０－　，ｍ－　and

p-dichlorobenzene,　naphthalene,　toluene　and　xylene.　　They are

arbmatics.　There　is　no　compound　of　this　　type　belonging　　to

terpenes・

　　　　　Type　３　is　　inactive　to　　the　KrF　laser　but　active　to O

However, as　far　as　we　tested, there　is　no　compound　belonging　to

this　type.

　　　　　Type　４　is　inactive　to　both　the　KrF　laser　and Oo .　This　group

consists　of　benzoic　acid, diphenyl,　cyclohexane, camphene　and

camphor.　The　uv　absorption　band　of　wavelengths　shorter　than

２４９　nm　must　play　major　role.　　Ozone　has　nothing　to　do　with

aerosol　production　at　least　in　the　beginning。

　　　　　In　Chapter　3, we　have　reported　on　the　optical　measurements

for　the　particle　size　distribution　of　aerosol　produced　from ｐ－

dichlorobenzene　by uv　radiation with　wavelength　２２０　nm　(almost

monochromatic〉，　with power density　about　ｌ　mW/cm . The　method　is

based　　on　the　measurement　of　the　wavelength-　and　polarization-

dependence　of　the　light　scattered by particles。

　　　　　Generally　the assumed　functions　such　as　the　Gauss, the　Log-

normal　　and　the　Stevenson　seem　to　be　superior　in　giving　good　fit-

ting　to　particle　size　distribution　and　in　estimating　several

moments　of　distribution　function　such　as　total　number, radius,

surface　and volume.　The　Junge　and　the　Modified　exponential are

also　useful　partially。

　　　　　The　illustration　of　aerosol　formation　in　the　air　is　as　fol-

lows.　For　Ｔく６　min, where　Ｔ　represents　the　time　after　the　begin-

ning　　of　uv　light　irradiation, the　aerosol　formation　is　homoge-

neous.　　The　number　of　particles　rapidly　rises　up until　it　reaches

the　peak　at　Ｔ～６　min.　　At　the　peak,　the　number　density　of
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particles,　most　of　which　consists　of　particles　of　radii　smaller

than　０．１　μｍ･，　is　more than　about　３×１０６　ｐａｒｔｉＣｌｅｓ／ｃｍ３． For

Ｔ〉６　min,　particles　grow mainly by coalescence.　　The　total　number

density　of　particles　decreases, whereas　the　total　volume　density

increases　until　Ｔ～１３　min.　　It　　is　due　　to　the　deposition　of

products　onto　surface　of　particles,　that　is,　the　growth　of

particles　　is　partially heterogeneous.　　The　distribution　function

becomes　broader　and broader　until　Ｔ～１０　min, then　it　becomes　nar-

rower　agairii　　For　Ｔ～１３　mln,　the　increase　of　total　volume　is

saturated ａｔ‘１。７×１０４　μｍ３／ｃｍ３，　where　the　most　frequent　radius　　is

about　０．２　μｍ　and　the total
･number

is　about ７×１０５　ｐａｒｔｉｃｌｅｓ／ｃｍ３．

The　breadth of　distribution becomes　narrower　and　narrower.　　For

large　Ｔ，　the　distribution　is　near　monodisperse,　　where　most

frequent　radius　is　about　０．２　μm, the　total　number and volume　are

５×１０５　particles/cm　　and　　ｉ 。５×１０４　μｍ３／ｃｍ３　　respectively.　　　The

largest　radius　seems　to　be　restricted by　gravitational　　settling・

At　this　stage, the　loss　by gravitational　settling　and　the　gain by

photochemical　production　of　particles　almost　balance。

　　　　　In　Chapter　4, we　have　reported　on　the　aerosol　formation　from

p-dichlorobenzene　　induced by　brief　exposure　to　uv　radiation　from

ａ KrF　excimer　laser.　We　studied　the　temporal　change　of　　its

particle　size　distribution　in detail.　The　method was　the　same　as

used　in　Chapter　３。

　　　　　Unlike　　the　experiment　reported　in　Chapter　3, we　initially

produced　the　condensable　species　in　ａ brief　time　by applying　the

several　　pulses　of　uv　light　from　the　KrF　excimer　laser　into　the

vapor　of　p-dichlorobenzene, then　observed　the　change　of　scattered

light　intensity without　any more　applying　uv　radiation。

　　　　　Under　such　ａ　condition,　it　　was　　expected　　that　　the
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monodispersed　　distribution　which　was　composed　of　initially

produced condensable　species　was　first　built　up,　then　it was

developed　into　broadly dispersed distribution　by condensation　or

other　mechanisms　of　aerosol　growth。

　　　　　Contrary　to　our　expectation,　we　could　not　observe　the

process　because　　the　process　was　very　quick　and was　completed

during　the　brief　time　of　applying　uv　radiation.　At　the　beginning

of　measurement,　the　size　　distribution　　had　　been　　already

heterodispersed。

　　　　　The　measured　size　distribution　was　different　from　that

obtained　in　Chapter　３　in　some　respects.　The　sharpening　of　the

distribution　for　large　Ｔ　was　not　　found.　　The　distribution

developed　rapidly　in　the　initial　brief　time　(about　less　　than

３０　3ec), then　it　spread broadly　and　its　wing　reached　the　radii　of

０．３　μｍ．

vection

The　distribution　observed　was　fluctuated due　to　con-

　　　　　InChapter　5, we　have　reported on　the　several　experiments　in

order　to　study the　influences　of　the presence　of　Ｏ２　　in sur-

rounding　gas　and ・ the　presence　of　chlorine　in　row material

molecule　on　aerosol　formation.　We　have　performed　the　aerosol

formation　experiments　by uv　radiation with　p-dichlorobenzene　and

a-pinene　in pure　argon　gas　of　about　ｌ　atm　in pressure　in　order　to

study　the　influence　ｏｆＯ２°　We have　also produced　aerosol　　from

several　kinds　of　benzene　chlorides (mono-, di-, tri-, tetra-　and

ｈｅχachlorobenzene)　by　uv　radiation　and　have　evaluated　their

aerosol　producibilities　by measuring　　the　　light　scattering　in-

tensities　　from　aerosol　particles.　　In　addition　to　these　ex-

periments, we　have　tried　to　identify　the　constituents　of　products

from　p-dichlorobenzene　and　a-pinene　be　gas-chromatograph-mass-
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spectroscopy。

　　　　　For　　the　aerosol　　formation　from　p-dichlorobenzene,　the

presence　of Ｏ２　plays　no　significant　role.　　In　spite　of　the

absence　　of　Ｏ２゛　ａ　large amount　of　aerosol　was produced and the

products　were　fully　stable.　　０ｎ　the　other　hand,　the　aerosol

produced　from　a-pinene in　the　absence　ｏｆ･Og was　not　stable　and

disappeared soon.　To　stabilize ｉｔ゛　０２１　is　necessary　and　the

stability　of　products　may be　caused by　oxidation　for　the　case　of

a-pinene。

　　　　　Two　kinds　of　pinene-monoχide,a-campholene　aldehyde　and　iso-

pinocamphene　were　found　in　the　products　from　a-pinene.　　０ｎ　the

other　hand,　we　could not　identify　the　constituents　of　products

from p-dichlorobenzene。

　　　　　The　aerosol　producibility　of　dichlorobenzene　is　the　highest

among　five　kinds　of　benzene　chlorides　tested here.　Then　those　of

mono-　　and　trichlorobenzene　follow.　The　aerosol　producibilities

of　tetra-　and　hexachlorobenzene　are　much　lower　than　those　of

previous　　three.　　The　number　of　Cl　in　ａ molecule　seems　not　to

correlate　the　aerosol　producibil ity ．　　The　geometrical　feature　of

molecule　may be　more　dominant.
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