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In studyinz the physiclogiea’ effects of radiation our problem is
fundamsntally one of photochemistry, Until we understand the fundamental
processes taking plaes in simple photochemies! reagtions, it makes it ex-
tremely diffioult to postulate sny loglpal mechanism for more complicated
procanpes,

Photochemical efects have always been a very popular subject for
exporimontation, and the literaturs abounds with experimental data, Un=
fortumately the fundapental prineiples of the subjeat have been very lite
tle understood and the mjority of deta 12 gquite useless and cften mis-
leadins, Lying as it doss on the borderland of physies, chemistry aad
blology probably accounts for the true signifieance of 1ts principles not
beiag thoroughly sppreeciated, and henee the mumber of inconclusive and con-
flieting results.

Although the writar's knowledge of the fundamental prineiples is very
limited he feels that as thess points have pever been emphasizad in any ro-
ports tetbw, and in view of the great interest in recant years taken
in radiation problems st the Atlantic Biologleal Station, 2 very brief re-
view of some of the mcre important principles wold not be cut of pleace here,
As the review only attampts to touch the surface, the writer hopes to 2o into
the subject more extensively at s Inter date,

This report has bsen divided into three sections.

1. On photochemistry

2, 'The effect of ultm vioclet and visible madiation on the redustion of gold
chlcride in siliclec asecid gels.

3. A few bictic effeats of ultm viclet radiation, .



According to the Report of the 0.3,A, Progress Committes on
Spectrophotonstry 1925 radlatios is dofined as tha process in which

aneryy is propamted throush spnee, the possibllity of propamtion

being unconditioned hy the presence of matter (although the speed and
direction of propamtion, ar well as the smount of energy tﬂmrﬂﬂd

muy bo thus affected),

Radisgt Energy is that w:ich is trasaferred by radlation, It my be
expressed in anergy units, such as the erg or joule,

Radiant powar is the time rate of tmansfer of emergy by madiation, It

has been internationally deaignated by the torm radiant flux, The Rad-
iagt intensity in any directio’ from the scurce 1s the radiant power per
unit s0lid snzle in timt direction, If madiant energy be incident upen

a surface, ths irradiation of that surface is the radiant power per unit
of intarospting ares, (The term specific {rmdistion has nlso been sug-
gosted for this quantity, with irradintion to be 48 ned ns tha total
power incident upon that surfage), I bave used it in this last sense,
Light is rediant energy multiplied by the visibility o® the madlsnt en=
erzy. Or light La that agent, “ores, or metion in mature by the opamaticn
of which on the ormns of sight objeots are rendered visible and luminous,
I other vords 1t is visibla madiant energzy. Radiant energy is omitted by
every subatanee nbove absoluts zero at the cost of its heat and smergy,.
Such radisticn has been tormed pure temperature radiation, sinee it depands
only on the temperature of the body, Whan it is due to sleciriea) or chew
fonl processes in part or i~ entirety it is termed Iuwinescence,



The sun the pure, metal filament lumps aro mre temperaturs madiators
smitting a continucus apectrum, the extant nand distribution of which are
funsticns of the temperature and hemee the total mdiant intensity, Ner-
cury vapour lamps nre luminescent radistors, the radiation originmating
from the stomie and wmolscular chameteristics of the Hg vapour and conse-
mently discontimious, consiating of linss and bands resulting from the
proceases going on 1s the ntoms snd molsoules,

There is no nead to go inte the varicus weans and limits for the
various reglons of the spectrum hare, When I speak of ultra violst
radiation in this roport I mean to inelude the near and middle resions
(400 m = 200 mu spproximately). If I mean the nesr rezion (300 = 400 m)
alone T will rafer to it ss the near ultm vislet,



Taylor sugrests two laws of photochssistry as follows, "The Firgt
kan _of Fhotochemigtry would be the Grotthus Dmper Absorption Law, em-
bodied 1n the statement thats Ouly 1ight thnt is absorbed 1s effective
in producing chemical change, |
The Secopd Laws The sbscrption of light is a quantum proeess involying
one susntum per absorbing molecule (or atom), The photochemical yleld
is detormined by the thermnl reactions of the system produced by the
1ight absorption,”

It #il1 be comvenient Lo doflne here also the following: (Allmnd

"1925, Ohemionl Soelety Asmual Report)
“Photosapsitisers (Ootical Sensltiserg) By photosansitissrs are under-
stood those sgbatances whigh, whan added to a chemieal system, by vir-
tua of the 1ight they themsslves absorb witheut unlergoing permmnont
change, make the systom sensitive to light in a frequsmey region where it
was proviously non seasitive, ory, less atrikingly, mterially iscrease its
photoaensitivity in a certals part of the apectrum,

Ehotocatalysts are, strietly speaking those substances which whan ndded to
an insclated systes in which n photochenton) resction is already taking
plage, inersase the speed of this reaction without In_ any way affecting
the amcunt of lizht of effective wave=leagth absorbed, or undergoing any
permnent change,”

SOURCZS OF RADIANT EWERGY, We oan divide cur sourees of radiation into two
clagnes aceording to the spectra they givey contimnous or d:lmonﬂmﬁ-. In
ths firest clase wo have tha sun, solld mdiators such as irenndescent file
amenta and magmesium, flames such as thoss producad by acetylane in oxygen,
and Pinally high tension dimcharges under water, In the second elass are
the ares such as earboa and iron, spark discharges between metallic electrodes

andwmlnq-.ﬂulcﬂmot‘-hmummmrynmtm.



Gontimious Spectrs - Solar Radistion. The sun's speotmum is a eomtimuicus
one with a maximum in the yellow. Solar wvadiation as it reaches the
earth's astmosphers extends approximmtely from 290 ma = Su with very little
energy bevend 2u, Tha selar miiatien is an extrwmely wariable suantity
varying primarily in total mdiation and spesiral distridution from minute
to !ﬁmtl, hour %o hour, day to day, ssason to season nnd geogrmphically
and sedondarily warying socording to loea] atmospharic conditions; olouds
smokas, numidity ste, |
Klugh has emphasized this and gone into dets!) on these polnts in hin reports
to tha board s0 that thera is no need of fMurther emphasizing them,

It would be very diffiouit to «ive the average mdiation of the smm,
but roushly for purpuses of ecmparison wo might take it at average heights
at about 1.0 g eal/ew?/, win, ot ses level in Cannda the distribution being
UV, 1 per cent, visible 40 per cent, infra red 59 = The necessity of dis=
tinguishing fros daylisht, sunlight and skylisit is also taken up by Klugh,
Solid Radistors

Ineandescant fllam:nts such as tungsten are good acurces or the near
ultm violet, They have the advantages of easy operation, smll cost, con=
stangy, ond fimally that they can be coiled or made into o sise which
approximates the slit of n nmhm—tcr] a necess vy cordition for use with
such instrumenta, A Nfrnst Glower (Griffiths 1925) which can be made in
the laboratory is very useful with the nbove instrument, Mamesium burned
in air was used succenssflly by Klugh and the writar as a acures for stand=-
ardiging photograrhic plates, I maziesium eould ba fed uniformly into
oxygen over a leag period it would mke 2 splandlid source,

Flape The sortylone, oxygen (Sheppard 1914) nnd the earbon disulphide
oxygen (Tyndall 1920) have bean used for the ultm violet,



These scurces are more valuable for photogmaphic than photochemieal
work (Tyndal! op, cit,).

Riscontinuous Speotrs
Ares Of the arcs the most common are the earben, iron and flaming earbon

types, They are all 3ifficult to handle, fluetuate and are diffioult to
use with slits, Coblentsz (1926-1927) gzives a valuable sommirison of the
sun, C and meroury vapsur lamwp. The positive ermter may be used as a
scurce of contimmous radiation (Merton 1927),
Sparks

Sparks bebtween metalllc olestrodes wive us the greatest intensity in
the middle ultra vieolat, However they am unateady uniess quite an ol-
aborte set up is used,
Sopoury Vapour Lamps

These are the must popu'nr with photochemlsts, These have boen very
moh improved of late so that they run constant, with i the frastion of
a per cunt, Conmatrictions my be made in the tubes so that they may be
used with a monochromator, The disadvantage of decrvwasing intensity with

age will be considered late-.

The following table gives a rough comparison of the intensity and
- spectral distribution,

Total Intgnsity Speatrsl Distribution uy.
g eals/om®/min U.V. Visible I.R. g ools/cw’/min
por cant
Sun 1.2 2 49 49 40 em
q Hg. 0,010 30 53 17 0.024
0,030
Solarite 0,91 2 43 35 0.18



(Sun aversge radiatio: for s 3 hour period at nconday for a season Solarite
25«23 A, 40=50 V). Although the intsnsity of the Sus and Q hg in the U.Y.

is practically the same the spectral distributlon is entirely different. The
sun has lass than 5 per cent of its U.V. below 300 mu while the mercury wapour
has 20, Thus we see that swing to such » graat difTerence 1n their spectral
distribution, any compnriso: batween the work dome in our Iabomtories and in
nature's Iaboratory is subjeet to some uncertainty, And just as the great
variztion of the sun mskes comparisen from time to tims and place to plees
very difficult, so the individusl artificlal sources (lamps of the same

mako and pattern) differ in a surprising degres undor a number of nome too
well known eond!tions, Henca Tor quantitative work we must Le very eareful

to deflna the irrmdiation, as well as the offective mdlation, which can be
done as in the ease of many systema in physical chemistry, by twe wariablea,
These are the quality and quantity of radiation, The first is measured by
the wave length and the sescnd s the preduct of the time and Lmbensity
moagured in absolute units, The madintion froa & scuree mey be defined if

we rive the total intemaity plus thes spectral distribution, Thooretieally
other variables being constant we might expeet the total photochsmical effect
to be proporticmal to the product of the intensity and time, This law ia
oalled the Reciproeity Law, Unfortunntely for convenisnce in measursment
‘1t doea not seom to hold; that is it fails in many photochemical reactlons
under the conditions by which we chooso %o teat it, We must remsmber however
that what we measure in most cnaes la the sum total of o rnumber of reactions
which are initialed by the primsry photochemien]l reaction, We thus have a
combination ot; simultanecus and eonsecutiva reactions depending on some
initial primary photochemiecal remction, a change in any one of which (and
espeoinlly the primary reaction) will! alter the whale course of eventa, One
has only to emmumine eritically al! we krow abont # simple and very exhaustively
studied photochemien] meaction such as the effect of madiation on the Hy and
Cly = 2 HC 1 .quui.{m to ses how diffieult or futils 1t is to 7o predicting



mechanism in more compliocnted systems until such a time as we are in
possession of a great deal more axperlmental evidenes,

IKTHULDS ()

1, Separation of varicus speetmsl m™agions by
(n) Quarts or fluorits prisms,
(b) Seldetive rilters,
2, Meamursgent of the intenaity of m given wave lensth

or group of wave-lengt)s after having isolated them by one of the

above methoda, For this there are two genera) 2lasses of Intensimetars,

selsotive and non-selective,

(a) Selsetive.

1. Photograghlo Plates. .
Vary usefy) and an acoursoy within 1 per cent my be cbtalned 1f
the fundamental prineiple of photographic photometry is adhered
to namelyi~ If positicns on the sams plate easn be found where u;.
densities are equal, then provided tha times of exposure and wave=
langths of the mdiation used mrs identice] snd the development
and sonsltivity uniform over the plate, the intensities muy be con-
sidared equal, The sensitivity of v;rim plates has been detar-
nined by Harrison (1925) and Jemes (1926),

2, Fhotoalootrie Calls.
Colls free fros time Ingz, deterloretion, fatigue, and {mtensity
current relationa practieally linear have been developed, Their
chief drawback i3 that they ars highly selesctive, They are most
used as & mull instrument (Gﬂﬂllﬁ).

3« Ohomicn) Actinometers, °
Difrieult to use, Many types juite unsatinfmetory, Very few
etover an axtended mange of the spectrum, However some types are
extromely use™ul for self-intogrmting metinomstry for sertain speeific
purposss or derintte rericns, (Marbes 1927)



4 Salenium snd Thelofide Cells,  Meny drawbacks.
5. Photomlvanic Oells.  Little used,
6« Fluorometers, Vot MM for quantitative work (Oyement 1926)'

HON=21 FOTIVE. .

1, Thermcpile. The simplest and best for generu! use, Thoy may be the surface
or the linear type, (Coblenys 1914), Noll (1920) makes an extremely
useful type,

2, Bolomster. Very mecurate but wary expensive and difficult to opemte.

3. Qther types. The sbove two types are by far the most suitable, We ean
divide the remainder intc thermal and alsetrieal groups, but all having
ecortain drawbacks such as to place them out of the field in comparison with
the thermopile,

(a) Eleotrical geoup, Mlcroradiometer and radiomleromster,
(b) Thermal group. Torsion madiation balance = radiomsters with vanes -
redicctlorimeter = thermopholometer,

METHODS OF TRRADTATION.

The best method for irrediation iz that using a menochromator. A very
common method is the use of selective filters,

Standardigation., The Hefner lamp and the Standard C lamps supplied by the

Bureau of Standards are used to standardise thermoplles,

1. [igcol Prisms Cemented with glyesrine may be used for the visible and ultre
violet regions down to 250 mu,

2, Inverae Jauars Law is very often used, If lenses and alits are employed
in the system this method becomes wery difficult to use.

3. Heutrsl Wedgeg. Good for visiblo and down to 300 mu if C in gelatine
used, Sputtersd platimum on quarts has been used succassfully recently.

4e Punched Piantes or Wirs Sgreens in irregular motlon, Difficult to handle,
(Barrison 1924) '
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5. Segtor Whesls, Intermittent Effest.

6. Biltiplleation of Scuress. not very

satisfactory.

7. Variatior in Eftestive Arss of Soures.

§ Solutlons of Dres oboving Beers Law, Varying the consentration.
Difficulty 4s in getting a satisfactory ™lter which is neutml to
the reglon and will cbey Bewrs Law,

9. Yariaties in Weetrios] Gonditioes, This changes quality as well
as quantity,

10. Qbligue Plates of Jusrtg. Tricky to use,
Nethods 1,2,3, are the most common,

1. The root of most of the ¢vil in photochemistry probably is that due
to antagonistie nmotion, By thia I mean the direct and reverse effect
which may bo producad by radiantion from two different spectral reglons,
sometimes quite close together, This can be 1llustrated by mome examples,
(a) Inorganic = 02 onisatlon of oxyzen (Goldstein 1913)
303 = 205

Radiation in the region 120-200 mu cmuses osonisation to take plaoca,

Radiatlion in the roglon 230=280 m csusss the reverse reaction to take

place,
Henoce the resnltant affeet of polychromatle radistion would be dependent on
the relative proporticns of the above reglons presant,
(b) Ormmaole Baly (1924) in studying the synthesis of reducing sugira from
earbon dioxide and water under the influence of mdintion found that the
mximm synthasia took place nt 200 mu and that degradation was caused uot
on'y at 190 mu but for wave leugths longer than 200,
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(e) Anlmals. Klugh and the writer showad that certain copipods which

wore killed by & given intonaity of ultm violet madistion could withe-

stand about twice the intensity provided it wma Iﬂ.‘nll with the viasible

and iafre red to about 1,7 u.. A detalled desgription is given in ancther

report.

(d) Dognon 1926 has reported an sntagonistic action of X rays on the

ﬂmnhtiﬁn of riven master sols,

(e) The quenching of fluorescence produsced by ultm viclet, by infrm red

is another wo'l known exmmpla, It may be readily seon what srrors we . are

open to if we deal with polychromstlic radiation and then attempt to fix

an effective reylon for a given rasction.

2. [Eiltering Nedium and Filters.
By f'ltering wedlum I mwean lenses, prisms, cells and anything that
comss between the soures sn! the aystem irradisted, ¥e must be very
careful to examine 2)) these to ses that sertain reglons are not out
out. A point often ovarlocksd in this coansction is the opacity
which cuarts develops to medium and near ultes vielst with use, Baly
(1927, 1924) nmong othars has polated cut that with his mercury lamp
he found an apprediable opselty in the quarts jacket after Cour heurs
runmning the opacity extending towsrds the longer wave lengtha with
tims, He found simllar opaeity in his quarts tubes, Coblents studled
the deteriomation ard found it not so notleeable as Baly has reported.
Howewver it is a source of error that wmust be marded aminat, It is
difficult to obtain a “ilter which will treansmit a marrow region of
the spectrum without outting down intensity considerably, Thms con=
siderable madiation frem the neighbouring region gats through, Some~
times a filter will hsve more tha- one tmnsmission band an! a region
8 ecnsiderably distance nway my be also transmitted, Klugh and the
writer “ound last summer that about three cuarters of the mdiatien



from the sun passing thr a corning G 986 A ultra violet filter was in the
red and intm red,

Even in the best spectrographs and monochromators considerable falase
1light may be present due Yo out-of=focus slit images formed by light re-
flected and re=reflected from the lens and prism faces, Jones (1926) found
that in the uwltra violet this stray radiation was of wave-length longer
than 400 fm and sometimes amcunted to 50 pereent of the total radlation,
This error would have gone unsuspected sxcept for the fact that, instead of
letting the madiation from the exit slit of their monochromator fall directly
on the plate, n lons was used cmusing n non uniformity in the silver deposit
on the plate, They Tound 1% necsssary te usa two monoochromators in series

(Helger and Bausch nnd Lomb) to obtain miffieisntly pare monochromstie rad-

iatien for the atudy of the spectral distribution of the sensitivity of a

photographic plate,

3e

1.
2,

3.

ho

Reciproeity Law fallure menticmed above,

Intensity sonlss. The chief errors in the methods of varying the
intsnsity of radistion are noted above,

Intermittont effset, Usually a given sxposure (I.T.) given intermit-
tently is loss effective than the same axposure glven intersittently,

We would expect this to be true from our kaowledge of Induction
periods,

Eiltering Mediug, Just as In the sase of the quality ws must make
the neeessary criticiam for reflection i fmetion, trnsmission for
each wave leagth, The shape of the containing vessel may have a

vary marked effoct cn the intonsity of the mdiatien. The use of
spharlieal flasks and test tubes may often lead to a considerable
arror due to lans action unleaas two tiven containers are of ammctly
the same dimensicns snd the optionl system identienl, The lans
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action fermed by the curvature st the bottom of a test tube will lesd to
quite arrongms results,
4, TRRORS TAVOLVING JUALTTY A'D QUANTITY,

Unfortusntely for cur povvenieonce naturs does not provide us with an
irzoonergy spectrum, The spactra) diatribotion of mtima;u radiation follows
a prodability curve, the spsctral diastribution of discontimous spectra is
quite irremilar, To add to this if we yse a wonochromntor with a p!"ll'l;
the greater dispersion in _-m shortar wave lengths cuts down still Turther
the radisnt flux in the shorter mave lengths which is quite weak on acoount
of the probability curve 4istribution of the source, We can get a normal
specirum by use of a grating, ut such a spectrum 1s weak and 1s not satis-
factory In the infra red dus Lo the overlapping of different orders, Thus
wo must correat for priamtic Aispersion, and variation in intensity. The
ecorraction "or variation in intensity is uncertain due to the Pailure of the
Reciprocity Law, The writer is at present “sing nicols in frant of a quarts
monoehromtor and cutting dowa the intanaity at each wavelength mo that a
linear thermopile givas a constanst daflection &t the exit,

The quantum theory shows vs what Jdifference in quality will do, but the
explamation of differencs in intensity 1s not quite so obvious, Part of the
effect may be due to the 1ife of the activated molecules, If two molecules
oan ‘only react when they are activated, the 1ife in the activated state being
short, the number reacting will increass nt 2 greater mte than the increase
in intensity. Thus large differance in intensity could eause very different
renctions to take pisce ina system due to the different threshold valuss for
each dus to the above csuse, %o we must be very corefal to find out whether
2 system say has its maximum sensitivity ot 2 given wavelongth or whether the
inerease in remction i3 due to an execeptiomally strong line in that reglon,
Many errors arise of coursa from the incorrect use of photographic pléie, by

not adhering to the fundamental prineiple of photographlc photometry

smmoisted above,



Part 11

Before studying the effects of ultm violet and visible madiation on
organie systems I f-it it would be a good idea to study a typiesl inorganic
system not with the hope of establishing the mechanism of the reactions but
mors the effect of a combinstion of faetors, The system chosen was that
represented by the following aquations

2 AuClj + HyC20, = 2 A’ + 6 HCL + 6 CO,
taking place in a silieic acid gel, The advantage of this gel being its
transmission to the near ultra viclet and its gsneral inertness, This
system wns taken as the writer had previously done some work on it, was
familiar with the technique and had access to the necessary utuiah; If
oxalie scid is placed on top of asiliele acid gel containing gold echleride
and loft for a weak or two the tube will be 7illed with colored bands or
green blue and red colloidal gold,

For many ywars the et that changing 1izht was the csuse of the colored
gold bandas in silicie aeid gels wmnt unnoticed, They were slways classed as
Liesegang rhenomena, Davies (1922) eame to the conolusien that 1ight was a
factor in the formation of the bands, Later in 1923 (op, cit,) he clearly
demonstrated that the banding was entirely s mmtter of the changing light
conditions. Cadonhead (op. eit.) nlsc pointed out the fact that theses were
not Liesegang rings but rhythmic bonding dus to changing lizht comnditions,

The siliele acid gels wern obtained by mixing equal volumes of sodium sllieate
and some acld, pouring the sodium silicate into the acid with eonstant stirring,
The sodium niliuh.u.;od was Bakers 40 per eant sol, gave Nas0 8,28 per cent

8105 27,13 per cant, mtic Fa,0 81 Ogl: 3.39, The density was 1,378, This
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sodium siliente was simiisr to that used by Holmes (1917) Davies (1922)
Cadenhead (1926),

The sodium silicate donsity 1.378 was diluted to 1,160, If the water
was added to the sodium solute 2 whits preaipitate formed, But when tha
sodinm silieate was alowly atirred into the water a clear solution was obtained,
It was found best to remove the carbon dioxide from the water and to keep
the alr from the selutieon aftersards, Unlesa prapared very earefully a milke
iness will form which will have a prnfﬁmd iafluence on the formation of
orystals in the gals,

The neids used were 3 HOL, HpS0,, HNO3, and neotic, It wes found
necegsrry Lo vour the sodium silioate into the acid otherwias bits of gel
would be formed in mixing,

WA 8105 ¢ 2 HCl = HyS103 + 2 NaCl
For the diffusion experiments 1,16 sodium silicate and i H, S 0, gave

the bast remulta, Most of the experiments iavelve the following mixtures
whish I will nlways refer to as standard tubes, Ten ml of 1,160 Sodium
S8ilients was ndded to 10 =l of 3N HOL containing 0.2 g of omlic acid, To
this mixture 0,8 ml of 1 per eent gold chlorids was added, This nixture set
in about aix hours showing s alight opalescence on setting,
METHODS OV WXPOURE

In order to compars the effscts of mdiation on gel mixtures it is
negossary that tubes of thoe same glsss of agual diameters and equal thicknesses
of glass ba used, Tubes may be placed so that the gel acts as a lsns and in
which cases reaction will start on the side farthest from the source of
radiation, Normlly reduction started on the side nearest the sourve, The
bottom of the tube could be pointed st the sun in such a way that reduction
would take place only when the rays wars concentrmted in the centrs, Reaction
always started st the bottom of the tubes and in the meniscus, For comparing
the affect of lizht the tubas were coversd with heavy paper se that omly the
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same mnd equal portions of the tubes were exposed, The tubes were laid

on 2 plece of whits paper,

It wan thought thet the congantration of the gold in the gels would
ba an importsnt factor in determining the color of the colloidal gaold
bands, Tn order to show this the following experiment was performed,
Bight tubes containing 10 ml of standard gel comtalning omlie agid
wors made up and varying amounts of so0ld chloride as shown in Tuble 1
wars added to the gels, The tubes werskspt for 4 dayas in the dark and
axcossd to the sun at noon, All tubes were glven 30 min., exposurs
axcept No, 8 which was glven 60 min,  °

TARLE 1,

5 ml sodium silicate, 5 ml 2,945 HOL and 0.1 g omalic acid

No, Amcunt of AuCL Timo to set First sppeamnce Color
added of color
ml min

1 0,001 8 hrs, colorless

2 0.0] 8 hra, colorless

3 0.1 B hre. 1:25 blue red in
and near
meniscus

4 0.2 8 hra, 2,33 ruby red all
threugh

5 0.4 81D, 8 hrs, 466 darker ruby red
all through

6 0.8 8 hrs, 7420 opaqua cantre
not redused

732 1.8 14 hrs, 15.00 side nearest

_ 14ight only blue

8 440 2 duys crystals only
syneresis

6578, showsd cryatals

Ea. T hansma allshtley raddaw 1n tha dnsl
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Mxporiments showed that decreasing the concentration of oxalic mecid
inereased the time necessary 4o abtein reduction mnd when decreased suf-
ficiently blus bands ware obtalned,

3.

Davien (1923) showed that changing the H lon congentretion greatly
effectad the rate of resction and henen the color of the gold Tormed as
wo would p:jodtet from the equation,

2 AuCly + 3 Mp020, w 2 Au’+ 6 HOL + 6 00

That a deorenss in the H ion concemtmtion would bring about more npid
reduction, Thlas was found to be the oase. The concontmation of the stand-
ard tubas was about 0,6 ¥, If this concentration was lowered to 0.03 ¥
reduction took place 1a the dark giving a purple band, A blue band was
obtained with 0,6 ¥ Agstic neid in the dark, Lowerlnz the aecidity to 0,01 §
gave & wina colorad band, I1‘;-;1al|uml and ammonium omlinte gave more rapid
rednotion than oxalia sold, This wan amin 'probebly due to lowered meidity,
4. THE EFFICT OF TRNPYRATORE.

The following tabla shows the affect of tempa aturs of standard tubss
expossd to noon sunlizht,

TAHLE 2,
Tempamatura Time taken to cbtain standard tint, fna obtained
v 4 min
S0 2,00 red
20 2,10 . red
0 2,25 rad
-1, 2.“ M

The abova experiment showed that the temperature coefficlont was
small, Most photochemloal reactions have n smll tempermture coefficient,
Allmand (1925)
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Inoreasing the tempemture in the dark to 95 € was alons not suf-
ﬁelcfnt to tive colorad bands,
S, AQEING OF THE STANDARD TUgES, |

Tavies {I’ﬁ) showed that the age of a el had » marked affect on the
aolor of the gnl and the time taksn to show color, Befars setting it re-
quired ten tiwmes the exposurs to obtain color as that required to obtain
eolor after tha tubea had remained in the dark for aleven days, He ot re-
duetion to m blue 30l 2t four weeks and a 1ight blue sol at 37 days, He
did not report when he sresred to got reduction,

In a =imilar experiment the writer got the same genem] resulta ex=
gept that a1l the mld had besn reduced at the end of 26 days,

A n)ight opalesesnce was always obssrved upon the asstting
of the silieic #etl gels with or without gold chloride, This probably had
" bur‘.h;g on the marksd deerease in the time taken for reduction after
. iy

The writer has tubes which huve been exposed to daylight ineluding
direet munlisht every day "or alght months without syneresis or any marksd

ehange in the gela having taken place,

Standard tubes ware pleced at 10,20 end 30 om from a 300 W Mazda
lamp, The tubes wore kspt cool by means of an electric fan, The time
taksn for & given color to b= Tormed at the warious distances Ly various
intensities 1s shown in Table I3.

TARLE 3, )
No. of Distance frop the lamp Time taken to Color Intonaity
tube obtatn a glven z/ealn/on/min
eolor.
hours
1 10 1,25 blne 0.00306
2 20 7.00 blue 0,01224

- o 11.45 blue 0,02754
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The effect produced on a standard tube by direct sunlight 11 am
pyrehaliometer value 1.36 g/eals/on®/min was compared with the effect
Mdhl‘mhtﬁ‘ﬂ]ﬂl}:\lizﬂﬂn Taking the value of the
sunlight as 100 per cent the value of the intensity of radiation from
the lamp at this point wa found to be 0,9 per cent. This value was
determined by mesns of an ecologiecal photomster invented by Klugzh (1925),
The results are shown in tabla 4,

. TABLE 4.

Fo. of tube Time taken to obtain Light source Ratio of Intensities
glven reduction :
min

1 2.1

sun 111
2 263 300 Watt Mazda
20 om

These mlm mean values of throe determinatlions.
7. ILTERNITTENT SFFECT.

If the vo‘].ecitr of muclear formmtion is autocatalytic the same quantity
of light given intermittantly should heve proeduced greater redustion for the
same total quantity of radiation, A number of experiments to study this were
carrisd cut. Tho same general result was cobtalined from each, namely that there
was vary little difference in the effect of the game quantity contimucusly or
{ntermittently., If there wer: any differs-as the greanter effect was due to the
eontimuous light, In one of the experiments a tube was exposed contimucusly to
the sun for thrse mimtes developing considerable mduction, A similar tube
was exposed for a total period of three minutes but in 6 exposures of 30 seconds
at 30 second interwals, The resulting effecta were almost identiesal, If there
was any difference, thers was a slightly greater redustion in the tube sxposed
to the eontimuous madiation. Such differences as might exist were vary difficult

to judge.



20

Another set of tubes was oxposed in 20 second exposures followed by
20 second intervals, The tubas axposed to continuous radiation gave visible
reduction first in 3 min 57 seconds, the other gave viaible reduction im 3
min 59 seconds.
8.

R_EFFEC
The question arese, woild a reduction onee atarh.d in any part of a
gel spread in the dark to the other portions of the gel, To show this the
whole of 2 tube was covered with paper axcept a smal) s1it on one side. This
ﬁla given an exposure to direct sunlizht whersupon zn area in the gel
corresponding to the area of the opening waa reduced to a depth of about 3mm,
This portion kept the aame dimemaions for thirty minutes even when kept Tor
thirty mimtes at a temperaturs of 80 degrees, Further experiments in which
banding was effected by covering parts of the tubes with paper showed that
the bands did not spread,

Of eourso we must not sonfuse this with the induetion peried, which
takes place before we can actually see svidanece o'!" roduction, We would
naturally expect that the gold muclei when Flrst formed would be too smmil
to abserb selectively visible mdiation, ut vhen once “ormed would grow in
the dark to rive & colored fel, The writer observed a number of cases of
this and mny cases in which a color previcusly formed greatly intensified
afterwards; somstimes to such an extent that the gel bheeame muite opacque,

9. HIXTHNIC BANDING.

A sat of 24 tubes was made up eontaining 1 m1 1 per cent gold chloride
per 25 ml of gel made by mixing equal volumes of sedium silieate 1,160 and
21962 N Hy S04, Saturated oxalic  meid was placed on the tops of the gels
after setting. These wers erposed an hour a day, sach day for two weeka,

The n..ining ten were axpesed similarly a2t one month intervals, 1In every
ease during ths "irst hour sxposure, a heavy band nvmg; width of 5 mm formed,
The band was a heavy rudy eolor but not tmnsparent. During the first 24 hours
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in the dark, a gresnish band, varying in depth from 14=19 mm was formed,
mmmdmhmmnhnddmw,mh
blue of an avermge depth of 8 mm, During the second and remaining dark
periods no large green band formed but between the elear spacs 2 mm between
the provicus day's exposure a tinge of green was notlced, In nll ecanses the
red was formed at the top shading into blus at the bottom, On a bright day
the band would be four-fifths red., Dull light inereased the proportion of
blue. Ir no case did we get either an all blue or an all red band, The
greater the intensity of light, the wider was the band. But acting aganinst
this, the deeper the diffusion on the narrower the baund so that the tube
contained bands of varying sises, ,

Tha depth to which the oxalic meld had dif%used was shown by gleaming
orystals of gold, Whensver n band formed it formed approximtaly 1 ocm
above the lowest point where orystals could be seen. Both Davies and
Cadenhead made a simllar observation, The depth of gel in the tubes was 11 cm,
In two weeks orystals of gold f11led the tube Trom top to bottom, When this
had taken place no bands were formed on exposure, For example, if we place
ﬁt-hntdmlhutdlmth-pll-ndhptitiamdmmrho
weoks subsequant exposurs & band at the very bottom of the tube, The usual
groeen band formed during the period in the dark following the first exposure,
was formed in every case, Bubt between it and the bottom only gold erystals
could be observed, If the tube were kept longer than two woeks in the dark
no band would form on exposure,

An outstanding festure in the formatlion of 2 band was the faot that it
formed unifornly throughout ita depth and did not build up from the top
downward,

The actual age from time of setting of the gel made very little
difference in the nature of ths bands formed,



In the course of my experiments I observed that when a bond was formed
1% beosne heavier in the derk and that if the band was large sncush it
removed all the gold chloride so the Mirther exposurs gave no reduction and
time gave no crystal growth, In order to test this out I made a set of 10
tubes 4 mm in diameter and 19 mm long as follows: Standsrd reaction wixture
was drawn up into 4 mm glass tubing in lengths of 1 em, The ends were
plugged and the gels allowed to harden in the derk, After the gels had set
the tubing was cut in the required lengths and pealed, The eemtral portions
of&-m-ﬁuwwﬂﬂwpmlnﬂm&nmmmw. The
whole sot was then exposed to the sun for 7 min at 11 a,m, Bright ruby bands
developed leaving the cantr:) portions colorless. These portions wers then
MﬂﬁlnmﬂnormminMuwmtmwtotham!
colorad bands would form, one in the centre of the tube with twe on either
side of 1%, separated in sach oase by colorless sones, The tubes wers riven
n second exposure for 7 min at the times shown in the Tuble 5, The time token
for the widdle and suter beods $o 'besous viuiils o8l alse the dolar ix wendrisd
in the table ’ |

TASLE 5,

Fo. Times between lst mand 2nd exposure Time when reduction Color
dnys first obsarved

Quter bands Middle bands
- min soconds

1 1 2,10 2,10 both red
-2 2 2,26 . 2.46 both red
3 3 2,10 2441 both red
4 4 2,25 2,52 both red
5 5 2,02 2.50 both red
6 7 1.56 2,24 both red
7 11 2.1 2,35 both red



23

TABLE 5, (contimed)

Vo, Time botweon lst and 2nd exposure Time when reduction Color
days firat observad
Outer banda Middlerband
min soconds

8 13 1442 2.21 both red

9 17 1.30 2,03 outer bluish
inner reddish
blue

10 19 1,22 2,03 all bluish
fainter

It was quite haay when Yo. 7 me exposed, The others were exposed toc contimuous
clear sunlight as near to 11 a.m, na possible, The light was constant for
three mimutes st least in every case, In no ease did the time vary 45 mimutes

each way from 11 a.,m, The time glven for 7,8,9, and 10, was closen on aceount
of favorable weather on those detes,

Two diffusion tubes wers made up and saturated with oxalie aecid, poured on
the top of the gel and allowed to remain for 10 min, and then poured off, One
tube was formed upside down and the two were pleced slde by side wherw they would
be subjected to changing 1ight. In a wesk's time both had developsd ths usunl
bands, except that they were lnss donse led contained a greater proportion of
blue. The remarkable thing about the experiment 1s the faot that bands of the
game color developed exnetly the same place in each tube, It wms difficult to
tell them mpatrt,

12,

Abzorption spectrograms of glass filters, gelatin fllters, 1 per cont
solutions of vsrious dyes and different stages of the reaction in a standard
mixture, wers taken with both a glasa prism and a auarts prism spectrograph,

Al cm thickness of 'ge) contalning reld ehlerids in the concontmtion
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used in the tubes showed a heavy absorption bﬁml starting at 390 Mu becoming
very dense from 365 Wu to the end of the transmission of the glass at about 325,
Wo might sxpect this from the eolor of a solution of gold chloride,

The other interesting featurs is shown in Table 6 which wns drawn up from
the results of an experimant the spectrommms of the gel alone, the gel plus
gold ehleride, the gel plus omalic acid no gold ehloride the gel plus emmlie
and gold chloride, the wariocus stages of thes reaction, The spectrograms were
taken by means of an iron ARC and a glmas prism spectrograph, The mixtures
were placed in a glass cell of 1 om inside thickness, and wells 1 mm,

In the Table the mixtures are shown as follows:

A= gel
B = gold chloridse
C = oxnlic aeid
TABLE 6,
FNo, Mixture Length of exposure Reglon in which absorptlon took place
to direet sunlight i
min
1 & None down to 325
2 AB 325-390, 410~480
3 ABC Same as 1.
4 ABGC 3.0 325=340
5 ABC 5¢2 Same &s L ruby color in the meniscus
but not opposite slit
6 ABC 6425 Slight sbsorption in the blue only,
Ruby opposite the slit,
7 ABGC 8.5 Heavy ruby all over, PExposure too short,

Absorption everywhera a few lines shown
in the ultra violet.
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The reaction was produced by exposure to a bright smun st 4,30 pum,
through a closed window.
13,

In order to detormine this the following experiment wis earried out. A
box was constructed containing n mumber of compartments 2.5 by 2,5 by 1 om
depth, The compartments were lined with white paper, and the top was covered
with various filiters, The liquid filters wera comtnined inlow glasa cells apen
at the top, the ginss being 1 mm thick, Small tubes of thin glans wers used so
that there was only 1.5 em of glas: sbove the gel, The exposures were made to
direet sunlizht at noon, The timea taken to develop bands the eoler of the
bands and the trapsmission of the filters are ahown in Tabla 7. The meximm
transmission is shown between the underlined wave lengths,

ol

TARLE 7,

Filter Transmissien between the following Time to develop Color

wave lengths
i min, seos,

Direct sun 298=556=730 4t 0C red
t’:omm 298=310=410~435 5t 25 red

m
Corning Noviol 365-200~730 81 40 : rod
3 m
Indigo 0,1 per cent 385-335-429-430 93 25 rod
sol 3 mm
Acid green 0,1 per cent 346=350-396-400 7%+ 33 red
sol 3 mm 450-340
Tartra ine 490-700 3 houra Nil
Gold Chloride 260-270 3 hours ¥il

Absorption Mex, 290-325
Tranamiesion ineranses towardas 500




DI3CUSSION OF REULTS.
GOLOR OF THF BANDS.

The results outlined in Experimeata)l showed that the sise and shaps of
the gold particles and hense the color of the bands was a funotion of the mte
of reaction, Ned bands were formed when the reactlion was rapld due to

1. Intonse radiation

2., High conecantretion of ruducing agent

3. Low acldity

4s Optimam congentretion of geld chloride

On the other hand blue bends Tormed under the followling conditions, ziving
a plower mato of resction,

1, Weak wadintion

2, Low congentraiion of the redueing agent

3. High meldlty

4e Ooncentration of gold ehloride groater or less than the optimm,

Green bands wers obsorved only in the case of rhythmie basding, They
formed in the night when the visible wadiation wea at a minimumy but when n
fairly high concentrentlon of reduging agent was present,

The yellow macrosecopie erystals formed when all factors wera favourble
with the exception of the radiation or when intense madiation without any
added reducing sgent was present, It follows of ceoursa thet purple bands are
dus to a mixture of a red and & blue, In such acls centrifuging Freundlich
(op. eit.) has separated the mixture. The effsct of grain sise of gold on ita
eolor is shown in the following table (Mellor 1§23). To these 1s lddd*inombl
estimate (1917) of grain aise,

Cone, of Sol Color of ligquid Opacity Avorn e l-‘iu of grain
e 1,000 Deep purple red  Opaque in
thin layers 75
1@ 10,000 Purple red Opaque in 14 cm
Layers 38
1r 100,000 Rose=red Perceptible in
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Cona, of Sol Color of ligquid Opacity Average sise of grain
m
1s 200,000 Very pala rose 14 em layers
rose Color 6

1: 500,000 Searcely perceptible 14 om layers
pereantible 3

1t 1,000,000 GColorless Colorlass

THE THEORY OF THE COLORED SOL3.
The question of the eolor of gold solas has attmacted a conaidermble amount

of attention, Svedberg (1924) stated 1 "There 1s no simple relationship botween
the sise of the partieles and the 1ight absorption and seattering respectively
bat 1t is possiblo to find out experimentally eertain emperical relstions.”

The eolor of the gold sols may be traced to the fact that gold has an
asbsorption maximum in the green and a reflection maximum in the yellow, With
smal) partieles absorption preponderates: with large particles reflesction,
(Freundliek 1926).

Ituoﬁmhhnformm that particles in a blue sol are larger than
those in a red sol, This is true in 2 gobd many eases bit not necessarily nlways
so. Steubing (1908) prepared blus sols by the redustion of gold chloride by
hydrazine in the cold, Reduction in the hot gave the usual raby scl. He obtained
curves for the absorptica and mdiatlion of these sols.

If wo 11lusdnnte & sol with unpolarised 1ight, the state of polarisation of
the diffracted light wvarles with the aqgle of obsarvation and tha asige of the
particles, With very smell particles, the light diffracted at right angles to
the original direction ia completely polarised: at all other angles the proportion
of 1ight polarized decrsases symsetrieally towirds the direstlon of entry and sxist
of the origimal beam, For particles larger, the diameter of which approaches the
wave=longth of visible madiaticn, the maximum is displaced, that is the arizle at
which 1ight contains a mmximum proportion of polarised light: the angzle becomes
greater, the polarisation maximm sppromches the direetion of the exit,
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This gives us a very good means of determining the sise of the particles,
If the particles are 50 mu or lesa the polarisation maximum is at 90 degrees.
Steubing's blue scls wers of this type, The abseorption curve was of a distinetly
different form and mch lower radiation was shown, The light wadlated laterally
appesred greylsh-green,

Garnett (1904) and Mie 1905 ealeulated the absorption maximum for different
sises of gold particles assumes to be spherieal on the Basis of Rayleigh's
absorption formula,

J-eomtnnt-xlf
i

whore v i1s the volume of the particle, the intensity of seattered light, His
ezlculations showed that a sol with particlea of 25 m would be red absorption
mximm at 530 m and the mdiated 1ight would constitute only a small fraction.
His ealeculations also showed that inoreasing the sise would ghift the absorption
maximm and the radiated light to the longer wave lengths thms glving blue or
green solas both having a greater proportion of radlated i:lght. |

Steubing showed that experiment agreed with the ealculations exsept in the
case menticned above,

Gans 1912 extended Mle's theory to non=spharigal particles with the result
that for both dises and rods the abgorption maximum compared with spharieal
particles was displaged tewards the red, Hence we ses a reagon for Stuebing's
blue sols,

The conclusions drawn from the above alsewhere may be summed up in the
following table,

TABLE 10.

Sige Color by Tranamitted  Radlated Plane of max, polarisation Probable

light light shape
6 Red very faint green 90 octahedra
25 Mu Red 534 Groen 560 90 ootahedrn
100 Ma  Blue 605 Yellowish brown 90 irregular
150 M Green Brownish 90 irreqular
50 Mu Blue Greylsh green 90 dise.



fiassive gold when compact reflects yellow.
Mossive gold when porcus refleets brown to hl'sek.
Thin films of gold transmit green,

Thus we see that in the ease of selective reflection scme or all of the
light which is absorbed by a given metal is reflected or radiated from the
surface 1T compact,

Davies (1922) and Cadenhead (op, oit,) stated that the blue bands contained
larger particles than the red, due to the slower mate of reaction building up
larger particles, The writer is in complete accord with this., 4 glance at the
radinted light eontaining red and blue bands will show the more intense and
yellowish brown radiated light from the blue particles,

The writer has obsarved blue bands in which the particles are smmller than
those in the red. They were observed under the following conditions: A tube
eontaining less than the optimum amount of gold ehloride was axposed to strong
radiztion from the sun, When reaction first started the band was blue by trans-
mitted 1ight and foebly madiated greylsh gresn, It then slowly became slightly
reddish and remmined so, but never beonme intense. The reverse of a red changing
to.a blue was never obssrved, Apparently when any amount of colloldal gold ies
formed it soon removes most of the gold chloride ao that the bends do not graw
into blﬁ. The phenomencn of the blue bands containing the smller particles
looks like another oase of Steubing's (op. eit,) blus sols, which emtnin;d
disc shaped particles. Reference to a suggested reason for thess will be made

later,

The small gleaming yellos orystals appeared to have macroscopleally the
form of octahedra and tetmhedra, However when & hand lens was used it was
found that the orystals were really flat hexagonal end trianmular flakes, Most
of the tubes contained mpprosimately equal nmumbers of both forma, A few transltions
forms wers fcund, A great many of the crystals were twinned, The trianmlar
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twinned looked very much like tetmahedrs, but in more csreful examination
showed that sugh was not the ease,

An attempt was made to examine the erystals by means of a mieroscope. The
writer was unable to cut & section of the gel without 1t erumbling to pleces so
that it could not be examined betwedn a slide and coverglags, An examination
of pleces of the gols placed on the diide without a coverglass ylelded mo further
information, For the same reason the writer was unable to atudy the eolloid

partieles with the ultramicroscope.

The redustlon of gold chloride to colloidal end mmeroscople gold erystals
glves a good illustration of the difference between velocity of muwolear formation
and veloecity of erystallization, Veloelty of erystallization here appeared to
be independent of 1ight, It obviously was not the same for every face of the
~ erystal., Onee the muclel were formed they developed in the light or dark until
all the gold was used up.

In contrast to this the intensity of radlation along with the other well-
knsin factors wns the controlling power in the velocity of miclel formationm,
Radiation inereased the rate of reduction and billions of muclail were formed at
onee and erystalligation was able to proceed aven in the dark, but the particles
eould not grow to any sise before all the gold 'ions were used up, This tells
us why when 2 tube is given a sufficlently long exposure, though not long enough
to produce visible corystals, growth of colored bands will take place in the dark,
JNTERPRETATION OF RETUITS.

I interpret the results of the observationa as follows:
The photosensitivity begins im the nelghborhood of 450 m and increases with the
froquency down pnst 325, The faet that the reaction 1s more rapid whem insolated
in a quarts tube ms compared with glass shows that in spite of the lower inteonsity
ofthe sun below 325, the reactlon was the more rapid due, of course, to the
increased transmission by the uviecl and the lower wave-lengths, Table 7 givea the
transmission of the rilters, showingz how far the uviel and noviol deviate from
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filter, The greatsr affeet of the near ultra violot is made more definite stlll
when we consider that the tmnasmission of the uviol to the near ultma violet of
the sun was only 65,2 vhereas the total tranamission of the noviol was over 80,
Another point olearly brought cut in Table 7 is that in spite of the faet that
the maximm rediation of the sun is in the reglon near 550 m (at Washington
Bigelow 1918) if the portion balow 490 was cut cut no reduetion took place in mn
exposure of three hours, -

In eenclusion the results of thls very brief lnvestligtion polnt out a very
instrugtive and important field in photo and colloid chemistry the surface of
which has only been seratched, The effect of mdiations on the reduction of rold
iom in silieis acld gels affords = splendid method of studylng the rates of
reaction, veleclity of muclear formation, veloc!ty of erystallisation, and their
relations to radlation, due chiefly to, the following factst that the reactioms
are slow; thet we have considersbls reliabls informstion as to the reiation of
color and particle gise of gold and lastly e silielc acid gel has the very
necesanry features namely, high tronssission of ultre viclet and visibls radiation,
stabllity, inertness to meny reagants and reproducibllity,

The writer is quite well aware of how far the above methods and technique
depart from an exact quantitative mothod, It might be cnlled seml-guantitative
but that 1a all,

1. A number of polnts in comneetion with mmmwofﬁlnMﬁnd
gold ion by oxalic acid in silieie ncid gels have been ctuﬂhd with the conclusion
thats
(2a) The maximum senaitivity 1a in a region of lower wave=length than 330 ma,
(b) This maximum corresponded with the maximum (290=325) in the mbserption curve

" of gold chloride,
(e) This maximum in the absorptlon curve shifted towards and inte visible as the



size of the particles inereased.

(d) What is true for a mumber of photochemical reactions is nlso true for this

2,

system namely: that the velocity of reaction increased wore rapldly than

the intensity of radiation, the temperature coefficlient was low and irradiation
glven intermittently has lsss effeet than an equal irradiation given contimicusly,
The relations between size of particles and coler; the rate of nuclear formation
and veloelty of erystalliszationj and the equilibrium represented by the

equation, have been investigated and the results applied in explaining the
mechanism of the formation of the diurmal and pssudo-bands investigated by

Davies and Cadenhead,
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mmunfmwﬁmﬁlmm!m'hﬂm_ﬂmhllmﬂh
report, In this seotlon I will deal only with several attempts by Klugh and the
writer to observe the physiologlen! effects, These experiments are very rough
and incomplete, due to lsck of time, material and apparatus,

Raving cbserved that the nenr ultra viclet was lathal to a certaln specles
of copapods, it cesurred to us that it would be a good idea to see 1T we conld
nndmt'ihltmuhuerbinxtha radintion, as it follows from the first law
that something mist be absorbing the lethal mdiation,

Attempts wers made to remove the 1iquid constituents of copepods, fish
oggs, ote., and plsce them in s tiny quartz cell in order to obtain the
sbgorption spectrum, The greatest diffioulty in this conneetion lay in the
faet that it wes extremely difficult to get pure samples and also that changes
in the phase relntions took plage before a spestrogram could be taken, In order
to get around this latter difficulty we mounted a copepod on the alit of the

spectrograph and took the algorption through the animal, It waa surprising how
definite an abscrption band was found in the nesr ultra viglet, This region

of the spectrum we had previously proved was lethal, Just what was giving the
abgsorption we do not know, The constituent eausing the absorption may be a
photosensitiser,

mtﬁn of the colloidal naturs of these systems was rendered very
difficult owing to the fact that thelr phase relations changed so rapldly with
time,

The writer had n dark fisld condenser and m Jentzch condenser for examining
sols, but found the former unsatisfactory for examining sols which changed rapidly
with time, while the latter sondenser required a considerable quantity of sel,

A vory satisfagtory schewe was found to be a coubination of the Jantmch
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condenger without the window and a water or oll immersion objective, The
aoﬂmmnco«uﬁmhﬂdinofli@tﬁamltothalﬂsntm
objective. A drop of scl was placed on the objective and the drop lowered Lluto
the dise of 1ight, ’

By this means very small quantities of a glven sol could be examined in
leas than teon seconds, Obvicusly this method has the further ddvantage in the
usodolnmlmd‘hmthomﬂororumlumnmdhnimt-umanbe
mde quite large,

MECHANT SN,
mmmuﬁmmﬂnmlmmmmtwmmmnu
impossible to attempt to Wu any sort of mechanism, It wna observed that
the death of the animal was scecompanied by an opacity in the sol pertion caused
by some sort of eoagulation, Further than that it is very difficult to postulate.

Howaver it would not seem fitting to leave off this seetion without saying
a2 few words about the mode of nction in general, I will merely quote a few
statements from the work of those who have studied the problem,

"Hinrichs has briefly reviawsd the various viaws as to the action of ultm
viclet radiation, It produges primarily s surfees effect, it inhibits the aetion
of harmones and ensymes; it kills protoplasm by coagulation and not by the
inhibition of engyme action; its effect is due %o sensitization to heab; ita
action interferes with the time melations in a system of interdepondent, pro=-
gresalve processas; its effect is due to the precipitation of the proteins of
protoplasm following eleetron emission; certain comstituenta of protoplasm, as
tyrosin and pherylalanin, set as optical sensitizers rendering living cells
suseoptible to tha toxle action of ultre vielet mmdiation,

The mjority of reactions caused by radiation are due o oxldations and
reductions, or processes in which changes unzmmmummu nome
evidonee to show that the biologieal action of short waved radiantion 1s due %o its
redueing properties, to the splitting of? of 02 molacules from the sasily
deoxidisable plasms compounds,
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Clark elsborates a theory of the formmtion of immges on photographic
plates which in its appliestion to the 1ivins eell mey be summized am follows:
Energy shorter then 300 mm nets on the living eell by ionising its phubn-clutrh
sonstituents thameby lsading to photochsmicnl setiom, Fnerzy lenger than 300 m
acts in the same way in tha preswnce of sensltizers which se affeet the surface
eomditions of these oonstituents that their photoelectric threshold is shifted
into the visible, and thoy therefors bacome ionised with resulting chemiece! aétion
when 11luminated by vislbls or pnear ultra vioclet emergy."

Tt 1s rather diffloult to devalop aay thaory to 71t the exserimental facts
whan cur knowledge of the snergy> matter equilibrium of ths simplest aystems we
know in the gesecus pbase are not clearly understood, Perbaps we will heve to
wait avhils and see what wave-mechanies wlll bring forth, Our conception of
such fundamentals as radlation and electrons is nane too certain at the present
time, However theories are very necessary right or wrong becsuse of the old
experimental gvidence that is gathered together and because of the wonderful
stimius thet is given for the colleetion of new experimental data , Otherwise
we would only have seattered here and there s number of isolated experimental
facts, The more theories that arm put forth, the more evidence from widely
peattored sourees will be gathered together and hence the wors comprehensive
the theory we temporarily shooss to f4t the svidence we have in hand,
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The writer attemptsd to determine the alze of the lmurger colloidal particles
found in the water immedistely after a storm by measuring the rate of settling
and ealoculating the sise from the following "ormmla of Stokes:

Ve 2" (g=s®) g

9n

"
&
£

radius of the particle

lp.d.ﬂo gravity of the particle
specific gravity of the water

n
t

n is the viscoeity of the water
g is the gravity constant
V is the rate of settling

The writer tried to locate and follow the horizons by means of the
Tyndall cone from a strong incandescent lamp which could be focussed on
any portion of n tall e¢ylinder contalning the water, There did not appear
to be a sufficlent encugh concentmtion of colloidal meterial, of the wericus
sises to give any olear out horisona, MNoat of the suapended matter settled
out in 24 hours,
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