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PREPACE

" " For mopye than %wenﬁy.years 1% has been recogniscd that
the freé aliphatic radicals play-én important part in nony
feaetioné; A large zmount of experimentol Work has been domne,
prlnclpa11§.on vapouyp phaee reactions, ﬁhere their prescnce 18
‘much Mmore easily detected, iTﬁe ﬁajor ﬁypes of reaction in which
they occur are now known, and.there'is general agrecuont om the
‘mechanisms by which they ere formed and react %o yleld the final
products, A not inconsideweble anount of infornmetion hcs also
been geined about the energetics of these processes,

' At the seme'time, attempts have been Dode, on theoretical
groundeq'tq calculate the prppertiee of these roadicals., Yhus,
fbr examplé, 1f such quentities as their entropy ond beat of
formgtion could be caleulated, it wuld then be possible %o predict
the boﬁrse of rodicel vreactions which nre not casily accessible by
dipect experimentel methods.  Atterpts have been mede in this
dipection (1,2), One piece.of‘infovmation required in these
calculations, as vell as being'of interest for ite own sake, 18
fhé gpatial configuration of the radical.

I% shoulﬁ, in principie, be possible to prediet this by
'"méans'of wave-mechanical celculations, Iin practice, howeveyr, the

ﬁathehatic&l difficuldies of a rigorous treatnent are alnost

- /',' -



1néupéréb1§$70xcept;1h-the.Vépy simplest of -¢cases, and some-form
of &pproximation is required.. ..Gonflicting conclusions have been
" dpawn  from these.studies., --Until-quite recently, the general
opinton has béen.-that the frée. methyl radiosl 16 flat, with the,
carbon’ htom in'the plane’defined:by:the three hydrogen: atoms,

and” thé .thiee C-H bonds at 120° to each other. There have,
however, been contrary views expressed from time to time, and
more recent theoretical treatménts have suggested that, although
the methyl radical is undoubtedly flatter than the CHz- group in
methane, 1t 1s not completely planar.,

' It 1s generally accepted that any "heteronuclear? bond
must have a small electric dipole associated with 1%, If this
is so, it might be expected that, if the radical were not planar,
1t would have a net dipole.moment. On the other hand, the three
¢-H electric vectors would cancel out 15 the planar model. It
has Eeen'suggestéd (3%,4) that an experiment designed to test this

point would be of considerable 1nterest
The work to be described in the following pages was

carried.out with this end in view. Fhe project is one which
contains many pitfalls, with the result that an answer hags not
yet been obtained. It is oonsidered, however, that the poseibilities
of 1mprovement in the technique desoribed are by no means exhausted.

~ Chapter I is devoted to a general review of the
developments in free radloal gstudies, with the emphasis on nethods

of production and detection, followed by a short account of the
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CHAPTER I,  INFRODUCTION

FREE RADICALS

Ah inportant éonsequence_of the rise of chemistey %o
the statﬁa of on exact science, following upon the advent of
quantitative methods of ﬁeasuremént, was.%he evolution of the
concept of the radicl - that is, any group of atons which
preserves its identity @hroughout a aeriés of chemicel peactlions,
Although this definition covers groups vhich contain no carbon
atom, and are therefore te be clgssed as inorganmic, by for the
greatost number lies in thé field of orgenic chemistyry, ae a
rooult of the vell knovm stebility of the carbon to carbon bond,
In this discussion we shell pestrict ourselves %0 o very emall
§Orner of this lotter fleld,

The many eérly attenpts (see refs. 5,14,15) %o icolate
these padicals proved, without exception, %o be abortive mnd, in

the latter part of the lest century, wore cbendoned as the ineroasing

. welght of available evidenge'polnted to the truth of the postulate

that the carbon atom is inveriably tetravalent. This postulate,

fogethér with the additional one that these forad Oyelency bonds®
were distributed setrchedrally in space, succeeded so well im
1nteépretlng the known facts, ond gave such 2 sound basis for the

gevelopment of stpuctural models, that it ceme to be accepted

P



that 1t was é fundamental condition for stability in organio
molecules. On this bmeis the independent existence of a free
radicsl, such as methyl, CHs, or ethyl, CH3.CHp, wes menifestly
1mpossib1e, _

' fhus it came oe o great surprise vhen Gomberg (6), in
| 1900, published his resui¢s which indieated, from chemical evidence,
that fhe Sr1pheny1methy1 radiocnl was capable of indepcendent cnd
continued'exlstence in solution., Several yeers later (7), ho
was able %o show that 16 was present in amounts sufficiently
great to have an apprecinmble effect -on_the moparent molecular
weight of solutione of hezaphenylethane from which 1% ia derived
by diesociation,

A great deal has been diseovered about radicnls of this
.type, éhich are aromatic im character, and 1t would aopeay that
the principles underlying their stabllity are by nov fairly uell
understood (8,9, 10,11)

They are mentioned here, howeverp, only because they
provided the first clear evidence thot molecules contoining
'.“tri-valent" carbon vere capable'of relatively stable existence,

Very soon afterwarde suggeetions bsgan to appear that
the corresponding free olkyl redicala night elso be capable of a
transitory existence, although 1t vas pecognised that they nay
well be very reactive. | .

_Bone and Coward (12), for inétanee, in 1908, suggested
éhat free radicals of ’éhi_é sype, inoluding free methyl, could



help to GXplain'the broeesses taking plece in the vapour phase
pyrolysis of hydrocerbons. They were, perhops, the fimst to
do 80, Likewiee, H.8.Taylor (13), at.a neeting of the Faraday
Soclety in.1925, suggeated_that these radicals might be taking
part in the reactions induced in gases by light quanta,.
n.Atteqpts to ostablish thelr existence by direct methods,
however, proved frultless until 1929, when the first of a serics
of papers was published by Paheth (14) and his co-workers, which
proved beyond eny doubt that free methyl end free ethyl.(IS) aia
exist, and proviaed a method of detecting énd 1dent1fy1ng then,
. In these experimentg the radicals wére produced by the pyrolysis,
in a stpean of carrier gas at relalively low pressures (1-3 on.Hg.),
'of the cbrresponding icad tetra-alkyl compound, Pb(CH3)4 or
Pb(OpHg)4.. Attempts %o produde the higher aliphatie rodlcels by
this method proved unsuécessful (20), Compounds attributable %o
methyl or ethyl radlcels were 1g0lated in all ocases, with the
single exception of behzyi, unich was successfully prepared Dy

pevepal methods (20) and detected by the nirpor nethod,

PRODUCTION
The publication of these results resulted elnost

4mmodiately in an ever increasing flow of.papers in which free
radicals were postulated as intermediates in o variety of reactions
taking place in the gas phase ani im solution (8,21,22,23,27).

A% the séme time the nirroy me%hod_of detection was successfully

applled.in_attémpté-to confirm that they were, in fact, present
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dn the roactions as pootuloted. Yhose recctions eon o
61laosificd into throo mein %ypoe.
1. =gralytﬂe Rone%ﬂons.

LQG% o»grnic sonpoundc wWill @oe@mp@oe into ociopley
produets if h@@%eﬁ o o suffielently high tetporaturs. %Rl o
hed been knowh for Qui%@ cor@ %ime. By 1933, not omly WeFd -
thoe major doconpesition producto amﬁ %he&w w01o6ive proportions
knovn for o consldorablo nuskop of conpounds, but cufficiond
: kinetie.eviaenoe had bocn a@eumuiatoﬂ %o moke poocible on
eotination of ©tho &locociation OROTEL08 of o nunkop of bomdo {23).

AC he ond hio colleaguos hnd bocn cblo te domonsteato
(22), by the uec of Panoth'c Dirror tochnique, Shot cothyl redienlo
e v zisfecont ip thermelly docompoding vapours, F.0.Rieo {84} wae
enablied o pux-forbard o roooction ochecs_whicn was eomoiotont, in
1opES @EADURR, nitb the proportions of produst found by oxgorinent.
Phic dnvolved, £irotly, the formction of prdicale by ©hs Fuptuse
of o earbom $o carbon bond, cnd thelir subsequem% gonction with
othor melocules procent, oy with cach othow. 22 thooe ouboogquon®
~opeblono rooultod in the Lormntiom of COrd rodicalso, Gkom o
“ehaﬂné gould ﬁoeulﬁo Nlthough thic cchome hng hod to bo coedifiocd
in tho 1igh® of more reeont knowledge, tho toele 18oac aro 08111
fseosniqu as valiﬂ; |

- Awong othor conpounds vhich vore crota af thie tice te

yioi& proddcolc on heating uore azozothano (25) ord nethono (26).



2. Photelytic Reactions.

.Tho study of these roactions hod ito opigin 4m cn
attonpt . to'explain the mbeorpﬁion spoctra observed when olcotro-
‘Ragnetic r@diationa were peoc@& through the vepours of DORY
subatanoe@. It vas known that, for waveleng%he longer thon o
oerﬁeﬁn valus which can nov be ascociated wth the QBtremg%h“ of
a particplar bond (27), the ;peotfum often chowed o gerics of
bandé ﬁhidhg in the simplier moleculen at any rate,could be
ae@igned to_aefinite changes in tho energy ctates of tho molesule,
in other cases, or ot shopter wavélength@ a rogion of continuouc
abaorption could be obsewved wileh oonld how be aasoeiat@a (27)
with the oplitting of a eovalent Yond in the molocule. The
 pegulting fragments could well bo froe padicals - that 18,
moleculay fragménta cavrrying no not chaggo, in which not oll
the carbon valencics were satisfied.

¥hie poe%ula%e #00eivod direct exporimentel confirmntion
.by Pea?aon (28), who uaed the mirror technique ©o chou that Lreo
methyle vwere present thon acetone was irpodiated vith wléwro-
" violet 1igat.

“These tvo f£ielde of eﬁudy ave now wocognisod o bo

clos@ly related, ié thd% they both invelve the aplitding of the
-olecuie 1nto tvo initisl Lwogments.  OMO of thoso fragmonts

-may be unstoble and deeompose fuw%he?. Doth may be, and often

" ape, very reactive and disoppedy very qulekly cithor by attoeking

neighbouring moleculen, by coﬁbining together %o form the £inal



Qrodugtg,_O?, if unstoble, paétly by o process of in¥ornal
Penarrangeu@nt. The deconmpocition of many cubstconess has bBoem
1nvestigé$ed updey both cete of condltions.

._ JGar@ful'quantitative study has choun, hewever, thad
podicels are not neooeeccarily producod im all 6Qcos. Sore
deeomposi&iona,“indeeﬁ,'pwace@d ot the deme %tinc by tvo parnlloel
reactions, one.involving redical formation, cnd tho other,

moleculay re-errangements (29).

3, "godium Flnme" Repctions.

" A% about the some $imo thet Poneth end his eo-vorkero
were noking thole Pirst discovopies im thic £ie1ld, Tolomyl hod
' bécome interested in the etudy of the thoory of chempienl
pecctions (30). Since o Othroe body® ingernetion is Duch noye
omcnsble to. exact caloulation than the more uwsusl “doublo
decompositibn“ peaction, vhich involvas ot lenct four atens,
he sought o reaction uhich vould typify tho oisplepr 6QGe,

.. His choice fell upon the weaction betwecn a'halogem gas
end sedium (oy potassiun) vapour, vhich 18 known %o bO
prcdoninantly nonatomic nt only nodoretoly olevated tomporctures
(31,32). ?him.wae tho £ixst of the godiun flanc ronctiono,

As a-iogical outoone of this work, the vopour phase
_' ?eactiﬁﬁ.be%ween sediun oné argahie helides was iavestignted

| (33,34). Direct exﬁévimen%al ovidence of the presenes of

radicais ip thias type of penction vas furniched by Howyn, roloayi,

and éé&ie (35)0 They roacted nothyl chloride with sediuwn vopour,
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and paesed'ﬁhé products of this.reaction immediately into an

atmosphgre containing iodine, lMethyl lodide was isolated in

;the products, | |

| Lhis type of reaction has since been used successfully
by a gpeat many investigators (36), both as & convenient source

‘of radicals, and for quantitative data on the: effect of etructure

' on the “at?engths“ - thet is, dissociation energles - of bonds

in a molecule, _
By its use 1t hae been fcund posslbie to produce higher

aliphatic radioals, such o8 propyl (37,38), in sufficient
concontration to make possible a study of their rate of
 decomposition at various teﬂperatureso

4. Electron Impact-Method,

Electroniimpact methods such as are used in Dass

spectrometry produce, £8 & rule, lonised fregments. These

cannot be classified as froe radicsls since, by definition, a

radical hes no net charge.
an ingenious method for the production of an

However,
1t night prove

atomic beam has'recently been published (39).

possible %o ooply 1% to the production of a bean of redicals,

A beam of N¥ jons wWas produced ‘collinpted, and

accelerated by the usual nethod. This becn was then bonborded

econd electron beanm of eufficient intensity %o neu%ralieé

with a 8
. mos% of the po

not eeem %o affect

sitive 1ona by eleotron copture, Thio process did

?he collimation already acmeved° The iomns



not so neutralised were deflected by suitable electric and
~ magnetic fields. . The rosulting bean of neutral atons wase
| claimed to have a much higher intensity thon that obtained by
the nprmal effusion nethod (see Chepter I1).
DEFECTION

_ ?his review nuat of necessity be very brief, becouse
of the large amount of work carried out in this field (40,41).
- For this réaeon,_aftem%ion has been directed for the nost part
' to the eaf&ier publiéations which 1aid the foundations upon
which nost of the succeeding workers have duilt. I% 18 progosed
%o conclude this exPerimentai section with a susnary of the
methods available for %he detection, or estination, of free
padicals, |
_ | CHEMICAL methoda'are.ﬁhe most popular, and can be
olasséd broadly speeking, into tvwo-nmain groups. e shall 6&11
these, for convenience, the gggggg or indiyect nethods.

. Historically, the indirec% method was the first, although

its full significance was only realised vhen 1% had been
establiched that free pedicals did teke part in vepour phase

' reactione. _
This method is, in fact an extension of the tpoditional

methods of ohemical kinetic gtudies, in which the coupsc of the

reactlon is inferred from obearvations on the jdentity, and

‘pelative propOrtions, of tho products of the reaction under

: different gets of experimenticl conditions,



|  sanoerréa1da1s con yonot with almeot ovory molocule
with whick they eollids, the nunbar of products reoulting £ren
even tha'dimpleeﬁ oyseten 10 1ipble %o reach bewildoring
_proportions, 1f redicsle are involved. Thio of£eot con bo
'minimioqd if 4¢ 1o arranged thot only o emaiirproporﬁion'cf
the eta?tgng'mager&nle deecornposo. . Xn thﬂé vay the shones of
inﬁeraétion betweon rodieal end initicl product, to forl fupthep
produe%é,';a groatly reduced. | |

_?hia con be cohieved in one of tUo WaYSB. 1€ a okatle
oyetem 10 used, the hecting, or ¢he irpadiation, is nllevod %o
proceod for only o chopt 4mES. The total presourc 410 obsorvod
ot roguiar intowrvals durdng thie period.

Als ornatively, o éonﬁinuéﬁe flov syotom ic uscd. ¥ho
ropctonte are mede %o pass quickly through the rocstion 2omno, ond
the pixture of reactents cnd products 18 colicetod inEodictoly
afterwarﬂg.in.a cold €rep. |

~ In both motheds, a eompletg onciyeie 10 subsequontly

carrled out, Pron the informntion 60 obtained, 1%t 410 poccible

to &e&u@é_whieh'?edioaim ouot be invelvod, cnd cleo
Honee it ic poosible %o

@om@th&ng

about the kinetice of the Proe0806.

obtain theo activation cnergies of initial dccompooni tion roactlons

cnd subocquont pedical penctions iR EORY €066H (43) .
Al%hough accumulated oxporienco mokeo 1% pocoible %o .
n devising the reaction

g1l posoible feéeﬁions mﬁat_be considored s tho Liro®

rejoct come ?eac%ﬂon@ a6 ioprobaeblie Uhe

pehona; .

-9-



instance, These would include reaction of %he radicale with
other radicals, vith the stapting Daterials, with product
molecules; oy with carricr gas if used. Very often sone othor
substance is intpoduced inte the systém in order to study its
reaction with the padicals. The possibiility §f deconposition
' op pe-arrangement of the radicals, oy of some pe-aprangement
peaction not involving redicals at all, must not be overlooked
(8-11,29,40-42). |
' Thus i¢ 4o obvious that great difficulties of

interpretation can be associated with this method, and, although
a 1ot of information cbout radicels may be obtained in this way,
and even, by dedustion, their concentrations may be estinated,
' objeotions mey be raised sbout it8 peliebility es an indicetion
of their presence. I¢ is possible, however, %o devige variations
of this method which will do this. |

If the'carrier ges is hydrogen, then 1% is possible, by
the use of hydrogen enpiched with deuterium, to isolate fheavy®
me thane in the pecction producﬁs. This could be taken as
ovidence for the formation of methyl rodicals, and their
gubsequent reaction with the carrier (44). '

in cases of chain reactions (24) involving rad;cals,
the introduction of nitric oxide into the reacting mixture has
been found to slov down the reaction pate to o considerable

- extent (45). At the same time ghe nitrlc oxide itseif is

slowly consumed, indicating that 1t reacte with the radicels,

.—/0.—



and thue “bpreaks® the chaln, .

_ Yhe same effect con be obtained by the use of ganscous
1odine.(29,41)'and the effeot is used, in fact, as a test for
‘the occurrence of a chein reactlonsinvolving radicals,

| If rodionctive iodine (31,38)'19 used, 1% 1s possible
~ to detect very small ﬁuan%i%ies of conbined ilodine An the
' prdducts'anﬂ, by fractional distillation, to determime the
identity of the.proﬁuct thus formed, This method gives, then,
& dlrecf indication of the presonceé and identity of the radieals
ané, et the same time, an estinate of the number foraed, IE is
assumed, with some'juetifieation (29,35), that overy collision
of o molecule of iodine Wiéh p radical results in reaction.

Thie °inhibitor® method can thus be regarded clso as

an example of tho direct method of detection, Pircct nethods
of detection nost commonly employsé, however, aye usunlly
extensions of the original Paneth mlrror.téchnique.

_ In the original pepers, mirrvors of Bi, As, 8b, Zn, C4, .
and § were used, a@ well as. Pb (14-19). ' gubsequent workers
have usea thees, and elso a number of othcepr substences, such as
Pe (20,28), Hg (22,23), Be (17), se (20).

éice and his co-workers used meroury (24) because the
aikyl broauets,' on roaction with merourie halides, yielded
éomﬁounds with well defined pelting points, This was of

considernble advantage for Jaentification purposes.

-i-



Subsequent workers (37,46,47) have used rodiocetive

mirrors, rnd followed ¢thely reaction with the radicols either
by the detection of activity in the prﬁdno%e (46), or by a
direct obserVation of the decreass in mirror aetivigy vith
‘tine (37).

 There s ono furthor chenicel methed of detoction
vhioch is worthy of menmtion. It hae been known for DORY yeQrs
that hydrogen aéqms will peduce the white (or yellow) oxides
of tungston and molybdenum %o a blaé compound of indofinite
composition. In 1949, Melville end Robb (48), in the couroe
" of on investigation of tho recction of hydrogen otoms with
olefines, used %unwaten, oe novre ofton molybdemun, oxide as a
conpeti tor with the olefine for the hydrogen atons. In peking
theiy calculations they allewed fopr the posscibllity that £roe
radicals, forﬁéa.by tho addition of ore hydrogen aton te o double
“bond, could oleo tupn the thite oxide blue., A triel irrediation
of mercurﬂc dibu%yl in the gbeence of hydrngen ges Gid, im £ook,
produce a blue eoloration in the solid oxide,

Fron thely cnloulntions they were gble to estimate, for

a nunber;of radicals, the wetio of their blueing effect to that

of hydrogen atons (kB)o
In no case® reported by them wes this rotioc less thom

0;3..3 In eome cases it was puch larger. 1t 19 of inberest %o

ove that conplicated radionls seen to be soro effoctive 1o Tl

v

pegord then simplor ones (49) .

_,2_.'.'



of PHYSiGALIproperties of radicals used for their

-deteoﬁion, two mey be mentioned., . The heat evolved (50) vhen
radicels impinge on %o a platinum surface has been used 1h an
attempt %o measure the intenaity.of free nethyls in & beon,
The senaiti#ity of thie method inoreases with decpsasing
-temporature, and it has beon estimated to respond to about 1012
to 1()13 radicals on™ =2 g0 -1 at 11-quid oy tenperature.

 'The other method is based on the poseibillty that the
fonisation potential of a £ros radicol is lower than that of ony
.other moleocule which ney be present. Fraser (51), in 1933 was
the £iprst to gugges% this as @ poasible nethod of detesting
radicels in a besnm, £ollewing upon the work of Egternana (52)
which ha& been just pééviousiy publisbed. The essence of this
1dea was to allow the bsan %o 1mpinge on to a slit in o metal
“caée“, along the axis of which lay an electrically heated wWire,
If the potentlal diffepcnce botween the box and Uipc 16 greater

then the ioniaatlon potential of the molecules entering, theee

will be ionised, thus providing an inoreased current from box to
wire. _ | .

Undep Fraser's difectlon,.Jewlt% (53) carriocd out some
trials. They found that botter results were obteined with

organic compounds if the simple "Kingdon Cage" wore roplaced by

an lonisation gauge. ” But even so the results showed quitoe a

large “aqaﬁ%er“.
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Aecenrt vork WAth naoo époctpoaeﬁepo bringc out Vory
| cloaf&y_tho diffieultion noooeiontod with thio cethed, In thooe
_1notrumen%o-the pooitive lons awé g1l06 produecd by oloetron
bonbardnons But, beécuso of the Dowre rofined arroREocont, tho
eondifions are meyo eamily e@nzﬁviinble. Tt 40 found (54) that
the offieiomey of the 19nioa%1@n pro6oos dopendo on ho Oloetron
" eno rey,vadch in its Surn dopondg en the pofonticol ucod for
nocolorabing €he eleeSrons.
£ the intonoity (B) of tho 1on
N bepm, fer o given Dacs puRbOy,
10 plotted ao o fumetiom of BI
cloctron mosclorating volés (V),

a'ourvo of tho Sypo (0) ohotm in

figu?e 140 obtn&noﬂ.
Zho vol%oﬁe V oy o

chich the cugve ia no leagos |
is dofinod ao $he OPrOCFoRes

. a3otinguichable from tho V-axio,
onie A1 ko oquol Ge %ho

poten%ial Dpe,0f the lon in queotien.

| 1omisation pctontiai (Im¢) 42 the don 46 formed by o DFOGOOO

GHB — CHB & 0O

-3 the f#@éOOB 10 Oy —> Giy" ¢ B ¢ 07, DO OROFRY

bo roaui?@d oo o bopd nuet thon be brokeon, ond

¢ -
A@ﬁB > XGHB » DlGllg - H).
oR tho agpoayrcneo potontiol
Fhoy Oxd

@11

ono roacon Lop ¢ho 0gpg LY

eﬁﬁvo'ie;ﬁhat the eleeﬁrona'awo nod Cono=0a0rzotic.
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produced by emission from 2 hot fiiament gnd will, therefore, have
a renge of enorgles statistically distribuzed about o mean value,
It 1¢ to be noted that these enepgies will be dependent on
filament temperature, '.

A% the lowest accelerating voltage, only the more
enefge;ic electronz will be able to'eause 1onisa$ibn. As these
" will be pelatively few in number, the resulting ion ourfent will
be small, As the voltege 18 reised, the proportion of eleetrons
with sufficient eherg& will increaée-mOre ropldly ae the Thump?
of the_velocity'distrlbutlon cupve becomes involved,

Le% us now comsider the curve (b) where the appearance
potential is only slightly greater then that of our £ipst
substance (a), and oodsider.the'implicatlon.of these two curves
for Fraser's method of beon detection, Here we 8o not have any
means of nass selection, end each substance in the bean will
;start making its contribution %o the 1on curprent as soon as the
potential difference exceeds its appearance potential. it 1o
clear that, if we wish %o yegister (@) end not(b), the volis must
~ be lesse than Vb . A% this voltage the'“sensitivity" thet is,

.the amount of jon curpent per unit quantity of ma%erial 7111 be

‘yelatively smali. The closer is ¥i° to V.2, the smaeller will

‘e the sensitivity attcinable for(a).
To toke an example, 1et us conpare the jonisation

10.07 volt; CoHg, 11.7 volt; CHy, 13.3 volt (55).

potentials GHB?
nethyl

ALl of these subatances are likely to ocour in a beem of
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éaaicala. | ¥hus, 1f we nidh.%o-@eteet only nethyl, oup

_coilectihg voltags muok ﬁ@% be -greater ﬁhéﬁ 11.7 vels, op,

%o be on the cofe gide, sothor loss, It must, howovor, BS

as cloae.%o that value ac poseiblo, O§ oloe the conoitivity

will net be very groat. M1 variebles, Gu@h as volts, hoakow
curvent, and 80 on, will havo %o be clogely combrollod. It 40

| desiraﬁle %o keep the toapefuﬁu?e of Gho wire o6 low ao poosiblo,
in ordor §0 mininioce ¢hormel oracking of the molesuites, vhich
would %end %o give a Lolee iﬁpﬁ@@@ien:of'%hq-veﬂieai consontradion.
On the othor hand, a lov £1lonent tenporature naono lov olostron
- emiesicn, end, 06 o eoncequones, o lover aensitivity to the
?adienlu vhich are p?ecen%. o 3f Jewﬁ%%"s figure (56) of 9.1 vols
for the jonioation potontial of DB%B$1 j10did8c 1o cerraet, thom

the preeonoe of this oubstanee 9a ¢ho beom vould rondor ¢he nothod
uceleos £ow tho detectinn of £¥oe mothyl.

_ Tho £igot roport on Sho applﬁea%ﬁén of the naso
cpectronctor to f@dﬁeal dotootion wad publichod by Gitonten (57)
in 1942, subgequoatlJ (58), in a nore Qotoiled ropert on Bio
exploratory oxpewimen%o, Iae ohowoa thot 1% could bo ozpliocd %o
_ the ee%ima%ion of radd el eoncenSrations 4n a varioty of ?00@%&0&0,

1ne1u&ing combustion., Although, ot the prooend ¢ime, 600

- caution 18 sonediros requl vod in tho interpretotion of rooulto

ob%ained wi?h thiso inotruond (59), 1% .48 eopablo of glving

-po0ulto in ogrecment with %hooe obbad nod by vell ¢ricd nethods

- (590,60).

~-/6. -



_ It has the great advantages, noreover, of scleotivity,
given bﬁ the'poasibility of measuring the ion cuprent dvue to
ohly one species of ion, and of a great gensitivity which will
be, no doubt, further inoreased within the near future. Even
at the present time it 1s capabﬂe of ylelding very useful
_1nformation (61,62).

*PﬂyschL PROPERTIES

Just as; in the experimental work the study of radicals

1s but a specialised aspect of a much larger field of study, so
the theofétlcal predictions of their properties a+iees alnost as
" by-product of the stuly of the thole field of molecular
structure and properties.

fhe most fundamental of These studies is that of the
diatriﬁution of the valéncy electrons in the molecule, eA
éxtension of the wave-nmechanical theory of atomic structure.
as 18 well knoﬁn, this theory was developed in the eerly part
of this dentury in order to explain the newly discovered
- phenomenon of radioactivity, and the resulta obtained fyron
quantitaxive measurenonts on atomic spectra.

The mathematioal oomplexities of the subject are so.
great that a rigorous treatnent has been possible only in the
Ivery simplest of cases, Such a %reatment has been carried out
for hydrogen and helium atoms, -the hydrogen molecule, and their
.1ons, For atoms or molecules other than these, it has been

found necessapry to meke some form of epvroximate tregtment

=7 -



" In the study of moleoulea.twd gonersl mothods of
attack have been gsed'(63). - In the one, the valence bond
me thod firat deveioped by Heitler, London, Pauling, and Slatep,
the atoms constituting the molecule are first considered
aeparately,' here necessary, apprbprdate conbinatidns of -
-atonic eleotronic orbitala, sometimes excited are taken in
-such a way'that each orbital which 19 to be involved in the
- formation of a bond cpntaina only one-glectron. This process
ie known a8 hybridisation, and the resulting orbital is 8
'“hybrldiaeg-orbitaln. _Any-orbital, hybridised or not, is capable
of containing two electrons with oppoeing ‘spins. The next step
16 based on the postulate that the.energyfevo1vea in the process
of bond formation 18 proportional to the degree of foverlap® of
the atomic orbitals of the two électrons; one from each atom,
forming the bond. _.Thue the nost steble bond is that one in which
" the greétest degree of overlap ia'éttained. ‘The relative
directiqné in space'of the ﬁoﬁd;fqrmihg orbitels and the degree
of-hybridiaatibn are 1ﬁte§-relatedt-. Thus 1% 18 possible, by a
| leong seriés of calculafidns, to caloulate the most propable
B configurétion.éf a given molecule;'and at the same time the
'relative “energy“ of a bond, | '
Qpalitaxively, the picture ppesented by this method of

gpproach 1s one which 18 reedily 1ntellig1b1e from the chemist's

- point of view, and 1% terminology has been abaorbed, to a large

| éxtent; into chemlcal language,__'
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96 othcp mothod 4@ on oxtonsion of tho erigincl Shoory
of olec%ron eonfﬂgurat&one in ofoms. Ia thio, the pelesulop
o?bital treatmen% £iret Qevelope& by Hundé ond [lullikon, Bho
coafigu?ation of the nuelei 4o accopted from osporirontol 4ok,
ond %he oleetrono are “fod in® one by one. Thoy awe thug, in
tho £iv0% inctence, not'regardéa'as boing woobtrictod to She
noi ghbouriood of.@ﬁy pogtieular bcmﬁ, but ove Swcnted co thougn
copable, in prinsiplo, of boing oaywhewe at oll im Sho vhelo
m@leeuie, I¢ ic @laim@d (63) thaﬁ thic 1o tho cord oppropel ate
appé@ximatﬁon vhen 3¢ i@ 1n%end9a-tq study cuch rheronocna as
ioaieotion-p@ten%ﬂalgp_0? Dp@@ﬁ?&i-ﬁOFﬂﬂo

Both mothodes, be@nua@ of the vory canploxify of tho
oystena undey imvootigation, invelve a coneldercblo nusbor of
approgimatﬁon@ éna the aﬂéw@go obﬁainoﬂ, im tho eeﬁliér trontcontds
. im partieula?, tonded ©o vory o groat donl, osserding Go Sk
puchey onfl ype of rofincnonts opplicd. I prineiplo, 4£ the
Fofinemento ore 6orried fop cmough, the oar pooodble wave
Lunetlono ehoﬁla ovonBunily bo derived from toth nothodo. Both
methods,_howevé$,'still tond %o rely rathor hoavily on oxporimontol
" Gota, to vhich thoy ore “£i%Ged? im orfop %o obtcinm Bho boot
posn&bl@ anevor (63,64,65). |

_Evon so, the quentitetive ppoﬁic%“ona in Dord voeen%
grontmonto ore ucvplly ef tho right ordey of tognitude cad, for
a p&?ﬁieulaf'pr@perﬁy in o cerles ef woloked nsloeules, the troné

pg@aicﬁ@& ogroes with that obsegpved oxporinontolly. Proportlos
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vhieh havo becn investigated by thece methods jnelude lonisation
potentialé and spoctral terna (63,66,67), ond cnorgles (64,65,
. 68), vibprational foroo ooREtENtH (64), ofrueturo, cnd bond
polarity (69). | -

T We ehqil concern Ourcelves hero only vith the 1ack §vo.
Dipole Momént@,- Fron o 0ord Gméir&cal »oint qf viow Bhe
-exporinental nageursnens of aolecula? dipele monento koo provod
%o be of great value, partioularly in the elucidation of colocular
. smmcm«e (70,71). |

It 40 ‘aseumod that onch bond connocting unlike atons in

a molocule hes aooosinted with 4% o omell elcetrie vector, vaieh
pight be regérded:as oriring €rom the uncquel aictpibubion of the
eiee%rogs fofming the bond, Eec@uao of difforonsec batucen BhO tue
| atoms in thely powore'@f abtraction for the cleetrons (clectro-
-negativitiea). ?he recuiting “chapges” vould, in gemeral, cnovnd
to eonﬁiderably 1osc thon unid electronic-cﬁarge. ¥he pr@&u@% of
this “chapgo? times the diotrmee betuecn %hé nueled 4o thom Gewrnod
the ﬂbohﬂimomsnta.' |
| '_ In theoe ompipicsl otudies 4% 1o furthor aoouned Shot Sho
| .bon&-ﬁon@n%, fopr cxcmplo, F@,ﬁ'of the O-F bond, 4o a comoton® for
 that bonﬂ.and independent of tho nature of ths ndjoining bonds
: “attéchsdﬂ.to $he'othor thyeo valeonsics of ths eorbon atom, Fyon
an enalysio of meacured dipolc DONCRED of o 1apge nuober of
.conpounds ﬁhosé structurds are knoun, 4% 46 them poseiblo to

aesign a_vaiu@ for p B0 overy typs of bend., . IG pust be enphorised
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thot th&é'gpoce&uwe con enly of bost bo o first opproxination,

a6 4% Tould rmpeae £x6m ¢ho thoory thot 4% 40 not Ooproet ©o

asoune that o bond is un-infiucnoed by ito environnent in tho

moloeqie_(69,70072073). Nevortholooo 4% hoo been found im a

groat moRy cgmoé that noleculny dipole momenta, epcleuwlatod Loy

molooules of known strusturs by voelowlol edﬂi%ioh ef Ttheoo

b@nﬁ.moménton agree 9w 8o woll vith the nerent oo aetualily ceosupod,
| On ¢he baglo of orgunento cush oo $hoce 4% 10 BOROROILY

. : oceoptod thab Po.z 16 coell, eond of the owfer of 0.40. hio

gigure 10 confiriod by imdcpondont eotimates obtainod, for

- 4notonee, from infra rod aboorption poaovporentc on tho sothyl

holidos (74). |
- If o considor €ho to%?ahedrnl nothane nelosule, ﬂ@ GoR

bo ergwn by o very oirplo enlevintion thot tho vestewiol oud of

- thyoo of tho C-H bond.zom0ﬁ$a 10 oquol 4a mosmitude %o, cnéd 48

83 vostly eppoood o, tho nenont of “ho fourth bond,  Thuo nothone
koo ne no% Aipslo m@non%,'a.roeulﬁ in ogrecEont vith ORPeFACont.

In f£pee nethyl, howevor, one vould, on &hlo baois, oxposd

in gomorai o not conent in the diroetion of the niecing hydrogon.

®ho ma@nﬂ%uﬁe'of gho m@mon% vonlﬂ dopond on thoe configupction.

I8 tho rna%cal proe@rve@ tho totpohodpnl configurntion of COthono

(dond  anglo HOR = 10949), 1%e ﬂip@lo mopent Could Bo 0.4B, 48 we

aeaopt thio figufo a8 the volue fep ¢ho Geﬁ bond ponent. X©

w391 bo choun 1obor that this 58 not compiderod o 1ikely

' geoeﬁbilﬁ%y.' %¢, on tho othor hond, the rodleol 18 plomar
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- f@? all nmevl ehom&cel @omreumdc.

1',?ceen% oaleula%ﬂoma, ko

(FIGH = 120°), the three O-H bond momonto rould “ecneel outt,
and the tcﬁal_momenﬁ weﬁla be zepco. ?or ony intorcediato
 configuration (1000° < W < 120°), o aipelo cooont
) @ < P@HB <0. 4 would bo expoctod, -

| Nlthough %hora QOfO 0 Lovu opiniens &6 tho conterory
{oee rof. 69), tho gone?al eonoonous of tho pro-var opinion ©AB
“¢hot the aﬂgn of %he 6-H m@memt ooe 6° 5%,  Fhot 48, eorbom wno
th@uyht %o bo moro eleess@nega%ﬁve thon hydrogon, |

- In recent yooro, hovever, wave neehcniscl teehniques
have improveé and wooulto obtoined mry bo considersd to o
'falrly'?eliabio._ Couleon (75), in 1942, publiched o Lodrdy
ﬁhO?@u@h enlculn%ioa gop Bho 6-F bond in nmothone, on@ obtained
the valuo FG 5 = 0.4D 4n ro%hane, in agrooncnt ol th ozmowﬁconﬁai
. velues, R&B ealeulation im@iea%@d Shot tho dirocetion of tho
| monont Yo CF n .- lMuclloy ond Eysng (76), 4n a coro rooont
 ea1@u1at1on, 0gres with %h&g eoneluoﬂgn, alth@ugh the Degnitude
| of'%ne momen% obtolined by %noa wne e10110v.

- A% tho ocme time, coulcsn thoush¢ hio solewlndiono

iné&eated tha% tho veluo of tho 6-T bomd moment wWaO 8 Cgonotont

aﬁ@ indopendont of whothor the

:ca?bsn otom a0 olﬁphaﬁi@, othylonie, oy cyonatlel, In Doyd
V“VO? (98), ho copro6to thio, ond concludos

that the volue of pgg W1l dopond on Bho dogroo’ of hybrldiontion

in %he caﬁbom orkiﬁdi PVOF@ﬂOibQG fop the C-H bamd. ©Op, 0O

'WQieh pu% 1% 4n his mou% &n%oreatinﬁ POBSR, (720), 0RO LoF0

. . .-22—. . -.



8 chapractor in 8 carbon valeney, tho éore eieo%ro-ﬂegatﬁve ia
tho carbon atom in. that valoney®, |
ore recont oaloulations (73,76) soen o boar thio oul,

| | 1% 42 of intorest %o mo%ise im padcing, thet, although
the process of hybridisction involves (wproeiable ererly chonges
(65,98);3and we epeak of, for oxcmple, Gp2 cnd spB types of
hybridisation, vhieh ape of difforent encrgy contont, 1% coeno
%o be gonorally cocopted Yhet degroos of hybridication betuoon
. any two Gﬁéh AePind$0 etntes aye egually posoible. |

'§he emall cnount of oxpordmental ovidonce avallablo
sineco Q@ﬁt_ﬁro%e hig reviou (69) tould seem o offor coto ouppord
to these general 4donc. - Thuo Baprow mad Mekoom, im o ofudy of
tho infra-rod abaorption of mothyl hqlidéeo deduecd voluos of
po-i (74). These valuvos tond ﬁd-varm o 1a%%le. ¥hic oighb
p@rhabo be nttributed to olight chengos in hyb@ﬂdﬂoa%ion_be@ausa
éf the vopying elestroncgrtivities of the holegen atons. Thoy
quote o meon value of 0.4D, cnd shov that theyo 4o cono clight
" evidoneo. that the polarity ic 6° #-. Kolly, nollofoon, cad
gehurin (77) &étowmﬂn@&fpg_g ip acetylene, ond givo 4¢s vilwe a8
' 1.05D. Gole end Thompeon (78) have roported cm cxteonsion of €ho
woyk of Bell, Thdnpson, ard Vogo (B1) on tho annlyois of tho
vibration bonds in tho ap@ctra.of halogon pubetituted toncencd.
eholy posulte imAicsto that, in bonzeme, tho polordty Lo 6™ U,

$ho mognitude depends o the anturo of Tho subotituent, but, in

ng foy o thoy ean opogk of on QVErfEd, 1% ocomo Bo bo in tho
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"neighbourhood of 0,6D. Barprlol and'Régniep {79) have caloulated
- po-B fOr the substances Eothane (0.35D), ethyleno (0.60D for
1g.g = 1. 06 A, 0.62D for lg.m e 1, 09 A), bengene (occsording %o
the valpe of the atomic polorisation ascepted, bobuesn 0,67 and

0.36D), acetylene (0.9D). Thsse resulte aro tabulated fLor

olard ty.
YABLE X -

T ~JG valenoy ' - |

' Moleeulo} towards B{ Walsh (72) Obaerved (D)
: {78) -postulntes

len | p  |6F relatively

a ; large. _

Jomg | w? |oF emalr  (0%0.4(74) .307(80)  +35(79)
0pu, | e |Cemam | . 0.60 %o 0.62(79)
6gHg | . op® |07 omall  |CTC.4(E1) oo.6 0,36 %o 0.67(79)
GaHp | ep |6 lorgor " 1.,05(77) 0.9(79)

" @eont (rof.69, p.388) recopds o¥her velues fo? othylene
which were obtained £ ron Gpactroccopic evidenoe, They @ecpend
very maﬁkedly on %he type of bonding mode vith wnich %hey oxre
.asaoeiated. On the sane pege ho ?eporta tho pcosulto of coleuwlntions
“baned on -ee@ur@ments of the dipole moments of polymethylene

oxidos, In guch eompounao one might oxpeet ecoson%ially tetrahodral
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'-;f and 1%@ ﬂer&vaﬁiveﬁ ( prodominantly @p hyb?ﬁda)

bonds and, in faet, he deduces a bonﬁ_mbmsﬁﬁ 0.4D (6% ®™), A%
tha epd of his'review heo rocords his cxpectetion that the €-7
mqmeﬁt'ih ethylene ie 1ikoly %o be olose to zepo. - X% 10

: aifficulf to envisege now this 6én'bo pocencilod with the
recultm he quotes from apeetroacopie ﬂata, ond vith the wesuite
- of Darmﬂol and R@ﬁnﬂer.

| | ﬁullﬂken.(éﬁ) cloines tha% hia caleuiations 1locad €o ¢the
‘conclucion that the CR bond in %he_cﬁ'raaieai 4c not o Turd P
 bond, but $0 hybeidised to the extent that & & = 0,185 (uhoro®
10 ofined by tho equotion Bg = A8 ¢ B, , b, bolng the

" hybrid € orbi%mi ?03ponsible for tho bond in tho radieal).

‘Thie 1@&&9 him to the concluoion thet O ond 6 in thio padicel
fab o) almoat equally oloctronogntive, Hio tseaﬁment geens %o be
vary app?ox&ma%e, end th@roﬁore, pewhaps, 3o no% %o ko r0lied

: "on 1n this pow%i@ula? ease, %% 8eens %o ©o at varionoe tAth
._. most other. con%emcarmrg idead on bond walariﬁi@s (c.£. ¥F.T2).

_ To @um up, thon, 1% would goon fyom the avellable

' ovidence that the polority 18 6% W™ in mothome ond 480 oiopler

' derﬂéativaé (pme&ominam%iy 093 hybrids), end €6~ B* in boneens
Ia occotylone

i¢ 18 1&?@9? aumeﬁﬂeaiiy, and probebly €7 H¢ 12 wo acecpt Unlch'o

pee%ula%e, ﬂhich docn not appear to be oltegether unaee@gﬁablo

(800, BOVGTSE, 730).

hs o nost proceed %o considar ghe 13%¢ic that hac boon

I pliehed o ‘¢the rroblen of the eonfigur&%ﬂcn of tho £re0 cethyl
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ra&ﬂcal,.it wuld geen that thg-importan% point to bear in
_ mﬂnd ia that all properties of-a_moleoule, in ag far as thoy
are reloted to the arrongomont of the oleetrone, will thus be
relateé %o the degree of hybridisation, This certainly seemc
to bo tﬁe case foy moleeularueonfigupation (83), ns Will o
apparent'frpm a. study of Fable Y. For methano, we know, ig
tetraheﬁrais in ethyiene the two'aajaeen% C-H bonds é?e at an
anglo of approximately 1209 to oaoh oﬁher; ond tho foup hydrogonsg
are copianap; and in ocetylono ¢he tvo hydrogens 1ic on tho 14me
" through the tuo oarbon atomg,
“ §hua ve would eﬁpee% that a planay methyl rodical would
have spg h&bria bond0, with o pure singly ocoupied p orbltal ot
right anglos to the plane, whereas a non-planar rodical vould
presunably invoive O-K bonds gomeﬁhera intormodiate botueen sp2
ané sp3, vith tho “ceontre of gravity® of the romaining Singly
occupied ofbital:aﬁ the apox of tho pyramid, ond directod awy
 from tho hyrogomo. | |

' On this boeis the value and cign of ug-§ 1%eolf rould
-Gepond en'thé configupation 6? the padical, and would olmect
éertéiniy'bo not graater thon 0.4D. indced, for a configupation
somewhe v 1ntefmodia£e botnech fetv&heﬁral ond Seigonal, 4% would
soen that pgy 48 1ikely %o be. smaller tham this valve, wth &
8l &n &epén&ing on vhethey the radicel 10 nocarly plaoner, OF

'.nearly “tetrahedral“, (6.2. ref.728, p.éa),
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~ In the absence of a dotailed osloulation it is pather
difficult to predict the effeot this would have on the dipole
_ mbmgnt of the radicgl es a thole, since the singly occupied
Orbitallmgy well also have some contribution %o make. Ab
fifet éight, however, it would sppear that even more than the
usugl smount of caution would be needed in drawing any conclusions
about the épnfiguraﬁion of the rodicgl if a determination of 1ts
dipole moment'yiélﬂed_an answer.1hdiat1nguishabie'f90m gero, On
the other hend, it would scem that positive evidence that it has
o moment, however small, could be taken as ovidence that, whatever
. 1ts configuration, the radical is no% planar. |
' Gonfiguretlon.' Experimontal evidence about the structure of
-free'methyi 1 meagpe, ond at best very imdirect, One thing
that does seem quite certain, however, is that it differs fron
the configuration of the me thyl group in methene (64,82).
| Anglysis of the energetios of the successive wemoval of
hyérogen atons from methane is hampe red by the uncertainty about
' the laten? heat of Vaporieatidn of carbon, Despite this
uncerﬁainty.it doeé_saem to be fairly generally accepted that the
. enepgy of disaooiaﬁion D(CH3-H) of methane, to give methyl plus
hydrogen, 18 emgller than 1t might otheruise be because thore is
an evolution of energy associated with the “pe-organisation® of
the résulting methyl radical., Glockler (84), however, infors
that there is 11ttle reorgenisation energy invoived in the

formation of the free ethyl ‘radical from ethanse, It might be
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espooted that these two redicsls chould be very siniler in tholr
‘behaviour; plthough Coulson (85) infors that a resonancc offeot
15 pocoible in £ree othyl, but not in £rec methyl.

‘?ur%hér hrgumen%e gbout the expeete& configuration have
been based on tho results obtalned with organic ronctions in
salution (sse vef.40, pP.175). The argunont.io as £6110vs!

-suppoqe the péaeéion ¢o be investigated 18, for oxamplo,
of tho type |

| ﬁCﬁIRQRB ¢ Glp —> ClCRyRpRy + HOJ
1t is aosuned that this %takes nlaee vio the reaction of atom‘c
chiorine with the cubetituted methane, The starting materisl is
optiselly aetive. |

Suppose, further, that the weaction Eakes place through
| the imitinl formation of the raﬂica& °Cwlﬁgﬂ3 ond §161. %hen,
if this radical is planay, 1% can react with moleculoy chloring

fyon either side of the plane, %o yield raccmic product cnd a

further chlcr&no ctom, If the radiegl, on the other hond, 48

not fiat, ov if the reaction goes diroctly w&%hou% rodicol
formation, an op%ically active produst would be expectod.

In the oose quoted by Uaters tho produst wos racenio.

would jmply thet complicnted padicals ouch ao thego

opposito roBuls

This, then,
m?e.pianar. In other examples, hovevey, the

hos been obtcined (86).

 'In eny ocase, 1% is not st oll safe %o acsvEG that zooults

" optained for these radiedlo have cay booring ot oll on $ho
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.coﬁfiguraﬁlon of the £ree mothyl radlesl 1teelf.

'-A$ the Faéaday Soéiety'niso@aaiom'on the L.cbile lloicoulo
in 1947;_Wmleh (72a) edgwd thet freo methyl must bo planar by
the a@piioa%ﬂon of hig idens on olectronegativity So come rosulis
obtadned bgr Bak (87), vho deduecd that the CHg group im mothyl
chloxide is fiatﬁer then the ocme grouwp in methane.  Fhis rosuld
“soems %o b@ open to question, howevep (88). |

| Un%il qui%e rocontly no one feens %o hove Sroated tho
matter vory thoroughly £ron tho theopotical point of view,

_  although quite é;number of atteimpts heve beon made to obtain on
'angwep by semi-qumii%ative argﬁnen%o. Van Tieek (89), and

| - Yoge (90) ccme. perhaps the clessst %o a thoroush enloulation,
 'a1%hough they both were car@ful %o neﬁn% ouﬁ that their troatuents

- vere only cpproximote. Both ceme %o the cimilar eonclusien that

 the HGH ongle in free mothyl 48 grestor thon %he HYR 4n cmoenia,

ondé %ha% the radieal “may conoeivably. even be plane® (Von Yioek).

| " In oven 1600 plEorous arguments, however, Malisken (67)

- guogsed Lhat methyl io prcbdblg pyranidal 1ike ammeniq, and

Lennara—sonee and Poplc (68) content themsolves with the conclusion

- that 1% "may be. planoy OF VEEy near&y planap?., Ponney (&4) oleo
on o ploncp eonfigurabion.

to

woed o eimilar Ber% of offumea% 4n @cciding
Deepi%e this unee?%ain%y, however, moo%t authops se0l
ntc on %he plonor model (1,2,73b, 85,91,92,93),

se non-cormittal (94,95).

have baﬂea tholy orguRe

_ aithouvh some have besn watha? 120



| .'.ﬁryént (2), howééer,7aitﬁough he used the plenar model
fOr the oaiculation of the molecular entropy of free radiocals,
pointed out that - the adoptibn of a pyramidal model wonld not
| affect his nsver materially. He quoted Kistiskoueky as having
~ expreesed thé-opinion-ﬁhét -ethyi ﬁight "be closer to tetrchedral’,
| Wlthin the last %wo. years, theoretical opinion seems to
have been tending towards the idea that the radical is not planar,
| Linnett end Poe (4) conoluded agaﬁn on the basis of
wa&e-mebhanioal argument that they would expaot the HGH angle
to be 1ntermed1ate between 1093° and 1161°, ‘and Ualsh (96), in
2} preliminary repor$ of eome calculaﬁlons which might appaar %o
'1have been fairly rigorons, clalma that “AH3 molecules containing
six valency eleotrons should be plangr in their ground states,
pyranidal in their. £irst excited states. AH3 eontaining n0re
then six valency electrons should be pyranidal 1# their ground
étaﬁee“. o _“ o S | . :
L Lufe (97),'1n a dincussion;;qnotes the ﬁ&h angle %o be
113 * 4§ 1n free methyl bﬁxzdoeé_hot'menﬁioy a souroe for this
' figure. . | | ' |
| It would aeem, then, that there is & fair chance that
'the free methyl radical nay be pyramidal. " gince thie would lead
: ug to expect it to have 2 dipole moment, 1% vould appeer that, os
was suggested by Fraser (3) end Llnnett and Pod (4), an experiment

'dealgned_to ot this-point wnuld.be of value,
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A'de&elopment of the ideas summarised in this chepter,
héwever, mduld_lead:us %o expect”thét the looked for moment 1s
probably very emall, say of the order of 0,1D. Fherefors the
méthod uéed'must be capable'df detecting very small moments

' 1ndeed._ 




- GHAPFER XX.  INFRODUGZION (CONRINUED)

HOLECULAR BEAN HETREOD

¥yo important pointa.must be kopt 4in mind vhen deciding
on the method %o be adeptod in thic 1nveétigation.
, Firstly, thoro 1slthe expectation that the nenont will
be emall,
Anﬂ cegcondly, tho radical 16 very ronctive. The roouls
~of thio is that the conepntration of radicals will be small, oven
iundér the mest favourablo conditions - relatively low total preosurd
in the gﬁa phaso, and eomplete decomposition of tho paront sukstarco.
FThus Forsyth {99), im experinente on tho pyrolycis of acetono
(0.6 om.Bg. pressurc ot the couree), ostimatod that thore wvero
1,94 108 &/1% of nothyls at a distanco of 12,35 cn. £ronm the
£urnaeo. -This would éor?oopond %0 o presouro of some 2.10%0 on.Hg.
ot that point. 7%he pressure at_pgﬁn%s'cloeér to the furrace weuld
bo eomeﬁh&t'high@r thon this. Gomor and Kiotinkewsky (1€0)
irraﬂiated; both acctone and mewcﬁry-dﬂme%hyl vith ul%ra%iole%
light. They ontﬁgm%ed thnt, undef the strongoet attoinablo
conditionc of illumimntion, the methyl conccniratien was about
10’12_301@/cé in & total mao comcontration of 1@'7 nele/ce, thas
ig, aboug 1@'5 nm.HE. in a total progsure of about o nillineter

or 0o of carricr gas. Loosing and Tiokmer (60) attaimed partinl
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prossures of methyl, resulting from the pyrolysis of neroury
dimethyl at high ?low rates, whach_they ootinated to bo of tho
@rder-10°3 to 10~2 MR HEe .?he eonditions in thelr exporinents
geen %0 have beon @specially £avourablo, and this, them, would
seem %o be ébout the éaximum concentration attaincble, using
‘mothods at present avoilaoble, |

Tt would thus soen unlikely that the standard methods
of dipole mement ootimation « by meams of dielootric constont or
refractive 1ndeximeasurements (1@1) - would be of much avail for
this class of meleoule, since nﬁch higher pressurcs than these are
required in those methods (o£. 77, 80). |

Dipole moﬁenga are 8onetincs deternined by analyeis of
infro-red absorption spectra (ef. 74, 78). The sane objoction
mppliés to thic method olse, And hers, in _aédﬂi;ion. the great
multitude of epectral 1imoe akriging fron the other much more
abundant moleeules prosent veuld make tho sorting out prooces
almost impoosible. Similar objoctions may bo applicd alse to
thoe possibie applieation of micr@éwﬁve techniques, and to othor
. loes used nothods ocuch oo eloctrostriction (ref, 10X, p.38).
| | "It vowld coen, thon, thot there is only one mothod
vhich could Ee of use in %ho predent investigation, That is
the electric dofloction of a molecular beam, first used for the
an&iogoﬁs-mmgneﬁﬁc émse by Gerlach and Sgern (102), and developcd
in o sories of investigations by Stern ond his co=workers im

Romkurg during the amccéeding years., The tochniguc hao been
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fully described in a mongraph by Fraser (103) (sce also ref.104).
" PRODUCTION OF BEAM : |
Although the um@erlying principien of molecular betm

produstion are very simplo, in practice it e found that consoidorablo
attention fo.fiue details is neceseary for éuecess in the technigue,
These conditlony were clearly set onf by Storm (105) im 1926.

In bareoutline, %he'

apparatus consints of & vacuun 0 C = _ 7
system divided Ly two partitions | ; :
into three separate eompartmen%s 5 9%“"‘f‘f-4 b
(£ig.2), vhich we shall coll the - | ¢ | ] # [

' pvmp pPymp

gource, 0, colllnation chamber, .
C, and target gchamber, T. In /:)£7.22.
each partition there 18 a narrow glit, or gperture, 8; and 8p

reepectively. . These slits are carefully aligned and are the

only means of interconncotion between $ho three chépbers. G
and T are evacuated independently by means of fast diffusion punps.
For most purpoges soparata pumping of the source i not nocessary,

a8 its volume i@ usually small compared with that of the other two

chambers. _
If'%Me substonce with which the beam is to be formed is

‘pot already in the vapour state, the source must be heated., Since
~ this waanﬁceaﬂmnﬁ in all the original cxperimeats, it vags ofteon

referred to as the furnace (90fan®) chamber (105).
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| Subject to'the condition that the mean free path of
the molécules in O io not lecss than the vidth of the source
aldt 5, (condition for molecular effusion); molecules passing
-through the aperture into G will continue in & rectilinear
path in thie chamber untll they are deflected fron this path
by collision with other (%stray®). moleoules, or vith the valls
of the chalber.-

For an aperture -of negligible ﬁthlckness“ (1.e. 511t
defined by_very sharp jaw edges), the angular distribution of
" molecules in the “pencil? issuing into C 1s governed by a
cosine law, @imilar in forn to the intensity distribution of

141ght enitted from 8 point source., An 1dcreasé in the thickness !

I i
{

of the glit seems (ref°103, p.17) to have little or no effect om
the_intensity along a 1ine from the centre of the slit, and
normal to its face, but results in a marked diminution of the
intensity at all other angles.

Thus, since the width of 83 is usually of the order
0.0l to 0,1 mm. (the "length? of a rectangular slit, which nay
be at least 100 times greater, does not seenm to be of importance
in this regard), the pressure in O must not be greater than, say,
1 mm.Hg. to O.1 mm.Bg. Bcattering of the "pencil® of molecules
in C is kept to a minlmum by ensuring a good vacuun in this
seotion. The limiting condition is obviously that the pressure
must bo so low that the mean free path, corresponding %o the
' preseufe of the stray moleculé, is greator than the distance 8y 8s.

-35-



For a distanca 8y Bp of 9 on., the. prosoure im O must not be
greater than abeut 1074 an.Hg. A vns pointed out by RKnoauwer

end 8tera (106), it 46 Gcoirable to have the progsure congiderably
loucr than this 1104%. Fhoy quote @ MARLMUD Procouro of
-5.10”6 am.ﬂé. Yor a diogance of 12 om. This ean be achioved

&) By fact puoping, and D) 1P the molecules aro ensily
condengible, by the introduetion 1n%é tho vocuun of a sufficiont
aréa-of ﬁufface which 48 cooled %o a tomperaturc at waich the

vopour progeure of the substanse 16 negligiblo,

811¢ 8,, the inago er collinctor olit, permite the

coritral portion of the ‘poncil® to pase into chomber ¥.  Thus
a beam 1o formed in ®, ond it fimelly impinges on B, the
deteetor, cr'ggggg_. As the distanee Sp D is uﬂuélly greager
th&ﬁ sl @2 by a fostor of abdut two, the 1imiting prossurse
~ conditions opply in ¥ oven more otwringently thaam im C.
" The annlogy beotvwecon thie systen and o systen of sligs
used fér defining o bean of light is very narked. - Im both Y YoleT:]
_ the beam i not of uniform intensity across i%s cross section,
bu¢ is strongest é%-the centre, and falle off tovards the cdges,
Thua, with polecular beans aimo, ue epoak of the portiom aa
(fig;z)'a% D as the “umbra®, and tho portions ab as the "pemunbral,
The dimensions of the beem (umbra and ponumbro) at D
may be caicnla%ed simply from the gmowm goometry of the arreangencnt.
Intenaity. - For a bemm of rectongular cross coction,
ao dofined by slite of that ehape, o plot of intonsity (noleculo
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om, "2 86C, 1,' measured at 'the deteotor) as a function of distance
-goross the widgh of the bean ( % in Fig.3a) would thus Do
trapezoidal in the idenl case (dotted lines, fig.3b). In
praotloe the 1ntenaity distribution j.s as depicted by the full
line (curve A in ﬁ.g.}b)

| The intensity at the maximul, 1.0, directly in line
with the oentres of the slits‘, may be caloulated from the
'expres-sion (104, 1@5, ref_.].OB, p.14)

[ N . Pa
/ZT/RMT)”a et - molecule em,~2 goc,~l - (2.1)

where 0 1s the source pre‘saure; in dyne cm."z. a4 the source
'811¢ area in ca_:.a, /¢ the distance in om. from the source elit
-ahd the other symbols have their us'ﬁal significance., Or, 1f

P 1s exbreased in thé more usual terms of mm.Bg., and constants
are collected together, the expression may be writton 1n the

. ,_fom

;Oa .- 22 ) '
L+ (MT)2" 11210 molecule om.~2 sec, ™ -(2,2)

For & numerical exemple, consider a beam of air
noleculea (11 approz, 29), at a source temperature of 5509%..,
souroce pressure 0,5 nm, Hg., 811t dimensions 0. 05 mm, X 3 @m,
(@ w1.5.1073 on.2), and a distance 5)D = /2 = 26.6 om,

- Ue obtaln f, = 9.6.1013 molecule om,”2 sec,”:

- It is to be noticed that the intensity falls off with

tho square of the distance from the source 81it, a further

similarity with the optical case,
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Deteotion. This intensity is quite small, Yhis
is made clear vhen 1t 18 expreseed as the “pressure of beap® =
~ that is, the change in momentum of the molecules striking unig
i-area of detector surfaoe in unit time. As meny of the orthodox
'methods of 1ntensity measurenent in nolocu;ar beam work consist
of some pressure measuring device, this method of exﬁreesing
beam intensity is instructive in that 1t gives an idea of the
sensltivity which must be attained in the design of these devices,

~For an example, let us round off the figurc we obtained
_above for [, and call it 104 moleculc cm.~2 sec.”l. This 1e
a typical value, '

The-noloomleo, a;though'unidirootional, are noving in
the beam’with thermal velocitics oorreaponding to the temperature
in the source chamber, Thus we can write dovn the root mean
square velocity, '(.?=(-3”"'7'/"")VTt ,  wmere R, T, M, “are the gas
conatant (8.31.107 erg deg™ =1 pole~l), absolute temperature (°K.)
and polecular weight, reepectlvely.

~ The mass of an 1ndividual molecule is ﬂb“’where N

is the Avogadro number (6.02. 1023).'

8ince, to a close approximation, all molecules in
tho beam will 1mp1nge normally on to D, the change of monentun
- of a single molecule on impaot (assuming a perfect gas, i1.6.,
clastic oollioion) will be of the order of 2{3RTM)///V

The total change of momentum per square centineter

per second duec to the impact of the beam will be 1034 tines
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th;s, and if we tako once more T ;'55903., A? = 29 (to a close
approximation, air or ethyl), and convert from €.G,8. units to
mm.ﬂg,; we obtain that the dpreasure of beam" is of the order
of 5,10~7 mm.Hg. |

o This is the preasure at the axis of the beam., It is
desirable ﬁhat the detector should be capable of neasuring
preseures at least one hnndred tines smaller - 1.6, of the
order 109 to 10°10 mm,Hg.

Pressures as small as this are nuch smaller thon the

' overall pressures usually attainable in practice. However, if
fhe manometric device is placed behind a third slit (sorget s1ig)
1% has been shoun (ref.3, p.9; ref.103, p.34) that the whole

scale of pressnrés to be measured can be raised by o faotor of

10 for an "ideal“ 811t (nO-thlcknesa), and by a further factor
of at lcast.10 i the target slit 18 given‘oansl® form. Thus,
in this latter case, the pressure measured by the manometer may
" be of the order-gf 10"5 mn,Hg., and differences of 10“3 no L HE.

" must be detectable, This is then gquite possible,

- Among the nanome%rlc dovices which have beecn used for
this _purpose &re hot wire gauges of the Pirami type (107, 108,
109) and the ionisation gauge (53). The lcLeod gauuge may be
used for the permanent gases, althoﬁgh it hag the disadvantage
© that 1% does: not give continuous réadlmga.

Other quantitative dovices have been described from

time to ¢ime (see, for example, ref,104). Of these we recall
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| " .one (50) yhich has 5een appliéd to a beam of radlcals. This
3 megeufas-therﬁai effeqts resulting from the condensation, gnd
admetimes'recombination, of the atoms or molecules in the beam
on the target. The-method has ﬁeen used successfully for
hydrogen atoms (110, 111). The heat of dissociation of
molecular hydrogen is 103.3 Kcal/mole. For comparison, the
hegt;of the reaction CHe —> 20H3.1s ~ 85 Kcal/mole. It ought,
therefore, to be possible to apply this method to the detection
of a beam of methyls, if the intensity is sufficlently great
(of.; ref,50) . _ |
| In the early experiments (102,-106, 112, for example),
fsondensation! targets vere uéed. These consist merely of some
suitable f£lat surface which 18 held at a temperature sufficiently
" low for the rate of condensation to be large comparsd with the
'rate of reudval of molecules, either by re-evaporation or by
aurface'ﬁigration. Under the right conditions an image, of
calculable dimensions, appears as.the molecules condense, The
‘W¢ime of gppearanoe“ is taken to be linearly ' dependent on the
‘reciprocal of the 1nfen51ty. " The sensitivity of the method s
“high, with experilenced Operators,”and can be even further
'1ncréased bw the use of radioacflve methods (113), It is not
.._very sultable, however, for quantitative measﬁrements of the
intensity distribution in the beam, partly because surface
migration .takes place even at relatively low temperatures

(ef. ref.103, p.90), and also béqguae the personal factor, which
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véries fropn time to ti@e even with the aame-bperator, is so
1mportant in "¢ime of appearance® measurements; The condition
of the surface, also, seems %0 be 1m§ortant, and to vary fron
time %o time in a not very consietent nanner which, very generally,
-seems-tb depend on 1t%s previous history. The mcthod 1s, however,
very useful as a prelininary, quélitative, check on the techalique
used. | _

one other early type of detectbr is worthy of nmention,
?his 18 the %chenical® torget, a flat surface coated with some
substancé:which reacts in a visible way (e.g. change of colour)
with the beam materiel. One¢ example 18 a surface coated with
whité molybdenun (or tungsten) oxide, which turms blue vhen
hydrogen atoms collide vith it (114).
DIPOLE LIOMENTS |

If the individual, electrically neutfal,_atoma or

nolecﬁlee'which constitute the beam have a permament monment,
eithor electric or magnetic, they will be deflected fron thelr
rectilinear course in T (fig.2) when an inhomogeneous field
(eleotric or mognetic respectively) 1s placed between 8o and D
in sﬁch a vay tﬁat the inhomogeneity is perpendicular to the
direotion of the beam, '

" A- gmall energy change is assoclated with the entry of
the pérticles into the field. Thus the number of directions in
space which they‘can take up with.resﬁeot to the field direotion
is iiﬁited by quantal céneidar&tions, Thig 18 true whether the
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fleld is homogeneous or not. In the presence of an inhomogenecity
| there 1s a net forcec on the partiocles, which will suffer either

a positive or a negative deflection in the direction of the

' 1nhomogenelty according to the directions they take up with
respect'to the field. These statements, eo. far, apply equally
wellfto eithéf the magnetic or the-electrlc case,

' The eimplost example, and the one which was Cirst
1hveetigafeﬁ.(102), is thét of an atom with one unpalred elcotron.
Because there'ére.two possible spin states for this electron, the
resulting magnetic mbment can have ohiy onc of two possible
orientations 1h'a.maghet1c ficld, Both of these orientations
_.are-almost equally probable. If, therefore, an inhomogeneous
magnetioc field is applied qcédas a beam of these atoms, it 1s to
be expeétad'that they would be deflected in equal proportions to
each slde of the position of the undeflected beam. Such, indeed,
ﬁas found to be the case. Silver (102) énd'hydrogen atoms (114)
‘were among the.many atoms studied (see 103, pp.134 ££.).
| " Fhe atoms in the bean are not of uniform velocity, but
- have a range of velocitles diétributad about a mean value

‘according %o the usual laxwellian distribution law, The
defleotion suffered by an individual atom will depend on the
time it spends under the influem @ of the inhomogeneity -~ that
18, on ita.feloeity. As a result the tvo rosulting beams are
" each more diffuse than the original, undeflected beam. This

effeoot would apply with equal force'tb'molecules.
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The dictinet oplitting of the beam can only bo observed,
hovever, with atons. |
~ For méleeuleg tho numbor 0f poosible guantun states is
immedi@telj increascd besouse 0f the contributions to the total
snergy of the roﬁ&tiom statos. The offeet nov obtained whem an
inhomogencous ficld L0 applicd is a g@nerél sypnotrienl brondening
of the béam, vith a conseguent diminutien of intensity at the
mexinum. This has. boen observed bofh for the magnetic case vwith
moleculaé oxygeﬂ (115), and for the olectric case with o large
numﬁer of moleculos (e.g. ref.lOB; chap.¥I; ref.112). Becauge
of the @yémetry of their otrusture, atoms ocin not have an elecotric
monenf. It hes, hoveover, been possible to obsorve a cmall
asymmetric defiection of ntonie beams in an clectric fiecld.  Fhis
has been'aeeribéd-%o their Upolarication®, (of. ref.3, p.65).
| _ This eloctric polarisation offeet, Uhich is very small
for most atens, will in general be larger for molecules, although
Bmaller.than the deflootion caused by the interaction of the
jphonogeneity with tho resultant of the permcnent moment in the
f£101d direction. Tho rosulting dcflection, where preseant, is
plveys 4n the direotion of increaeing inhomogeneity. I%o
nagnitude vill-be depondont on the f£icld strength.
" Frooor (ref.3, p.54) quotes a figure for this-inﬂuceﬂ
poment of 5.10"22 B.8.U, {4.6., 5.10‘4 Debye units) for a
molecule of averégé polarisability im o otrong f£icld of 500 L.S.U.
(150 kvlcm,°1). Tn the folleving discucsion it will be #eer that
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.a monont of $hio oxder is cEallor than even the moot unfavourable
cése of éurigid Jdumnb-bell? ¥ypo moleoule. [For the “symmetrical
top? noledule, to vhich elass belengs the L£roc methyl, She
resultant of the-pefmén@n% moment is much larger, and the
polarisation effecé nay be neglested in most cases (111). Thio
is very coﬁvenient, for it neans that it is not nocessary to plot
the.compiete p@ak'shape every time for both the deflested and
undeflected beams. Expreosions have been dorived vhich pakes
it possible to determine'the dipole momont @imply from the ratio
of peak heighte vith and without the defleeting f£ield, |

 For this it 1o neceasary to0 use a quantitativo mothed
of intemsity“measurement. It ia, however, possible %o make an
estimate of the order of mmgnitude.of the poment by using the
original type of_d@t@é%or. This ie done by cstimating the width
of the deflected image, vwhich 18 comparcd with that of the image
for no field, | | '

 Tho actual form of ¢the expression to be used inm

deriving ﬁhé value of the moment fron the experimental data 48
dateréined Ey two soto of conditions., Tho first 48 tho goometriecal
arrangemenﬁ of the éle@%rodes uhich produco the inhenogencous field -
in particular, the relationchip betveen the Field direcction and tho
dircotion of tho inhkomogeneity. The aeéond ic the geometry of the
molecule iteelf - that -ig, the relative orien%ationa of the axes of

synmetsy, the axes of rotation, and tho moment axis of the moleoulo.
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In making theoc derivations, nost authers have
@implifiod‘ma%%erﬂ in tho first instance by comsidoring the
'deflecﬁion aufﬁered by a s;ngle.moleeule in i%s path through
¢he £ield. Tho exprogsion 16 them gemoraliced to take noeount,
firstly, of tho distribution ﬁune%idn@, at the ¢coperature of tho
axperimemt,_of the onorgiles of trenglation, é;-, and rotaﬁionlfi,
and of tho oriontation of the molecules vith tho fiecld, ¢ ;

.anﬁ Beconaiy._of tho aetual sross sectional shapc of tho koo,
vhich 40 troated up %o this polnt bo though it vere of infimitely
" omald width, It 40 them found convenient t0 oxpress the reould
1n terns of o paranotor S, (or senetimes ¢ = %. ), ubore S
io the deflcegion ouffored by amy given moleculs, teking tho

. contre of tho undoflostod boom as the origim, amd S, , the
“pnormal ® d@fleésion, is the deflection euffored by a nolecule in
o particular state, oftom taken Go bo £, =En=+7, ¢=0
(116,_&1@@_1@3, pp.161 ff.)._- Fho ratio of paxioun inteomsities
I)f, for the deflested boan, I(0) , and f£ield freoo Boan, I,
ean thon be oxprosced as a function of S, (or ) , ond, afger
cene venyllengthy arﬂ%hae%ﬂc,lit_is possiblo %o caleulate the

roquired monent g - |
| Field Geometry. Tho effeoct of F£iocld geonotry will

be considered first.

Xn'geheral germe Vo may note that, if a neleculo, fren
any 6ause vaAtsoevor, has an efLective monent }Z in the dircoticn

of the field X then the change in. opergy vhich recults whom 1%
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comes under the influence of the field 18 AW = /7 X  and

the components of the force acting on the molecule in three

direétionS'mutually at right anglee w11l be
/¢ ax» _}u b} » F //. aX %,

2% X
In a hqmogeneous £icld, therefore, vhers %K’: %§ = S =0

x
-thebe will be no defleotlon.

it 19 often found convenient to arrange the axes of
referenoa so that onc of them, say the X direction, lics nlong
"the axis of the beam, and the other two are parallel to the
boundaries of the rectanguler clit., Ve shall consider the ¥
direotion to be bafallel to.thé 1éngth of the elit_(flg.}a),
and the gy.direction to be_parallel to the ﬁidth of the slit.
The defléotlon,fi, will thus be in the éfdirection for maximum
sensitivity. o '

_ Two types of field arrangeﬁent are found to be
convenient. --In the first, which 18 the electrical analogue of
the ofiglhal Stern-Gorlach mégnetic.experimenta, the dircctions
of X and ?X/as aro the s.ameo | -

. This can be achleved if the two ocleetrodes are arranged
as twb coaxial cylinders whose axislis paraliel to, and 1ics close
‘to, the ax:é of the bedm. The contral cylinder must be of small
radius, so that the inhomogeneity in its noighbourhood may be as
- great as possidle. A fine wire has often been used for this

purpose. -. 8ince only one 8ide of the cyliamder is used, 1t 1s

clear that neither clecctrods need be complotely circular in

. 746"



oeross sectien. Indood Schoffers
- (117) hao uced clectrodes of oross

seotion shovn in £48.4. These

are conveniently hold im place by

hard mbb.ér (117) or amber_(l@% g A \\
spacers, vhich alse @erve ag - . .
pemon Fig. 4
~inoulation,.

Arrangenents of this type bhave the advantage that both
X and 3’%} are q.a_lculab-le L rom a.know_l@dge of the voltage Gupplied,
and the géometry. _ .
| Tho defl@ctiaa S of a molecule, energy of translation

: Et is given by the relationahip

S = -:- oX 1 : vhere [1@ the 1lem mh.of
S 4% as o . _ 8

path in the £isld, or by . o
s= & . X 4 [+ 1»_4)
' ( R

4€, ds

(2.3)

vhore. £, ic the lengéh of peth in tho f£icld, and 4, 10 the |
length of péth botveon the point vthere the molecule leaves tho
#1old, and the detector, ' |
| The najor disadvantage of this armngmont ig tha?, in
arder to obtalin a sufficiently high inhgmgeneity the bean nuet
'-'toe pent very close to the centrol eleotroﬂe, vhich 4teolf must, as has
elready besn poin%ed out, have as small g radius &g poasiblo.

This latter condition places a nmit, beesuge of “gpark overd
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to the véltage vhich nay be app11663 and the former 1
-objectionable beca&sg the inhonogeneity itself alters.rapidly
with the distanco from the axis in this region. Thus, if a
beam of long, narrow oross seqtlonjis employed im an atterpt
to 1noregse.the intensity, the deflection is not uniforn along
the length of the “tracs®, |

Scheffers, nevertheless, prefers this arrangement to
that of the socond typé, vhich tae first put Lforuvard by Rabi,
for the magnetic case in the Lirst instance (118). In this
type, X and .ax/,s éxre at right angles to each other. This
is achleved by the use of a parallel plate_condenser, arranged
in such a way that the beam passes symmetrically betwoen the

plates, which are rectangular

in shape, and are arranged inm

such a ﬁay that the field betwoen X
then 1s parallel to the length of d5

the slits, and the axis of the beam

. makes a small angle ¢ with one cdge /C;j
(fig;S)._'.In_this partiocular case the axoces of referemce are
often:taken parallel to the condenser plate edges. Since & .

is emall, hovever, this 15 vory nearly equivalent to the

convention adopted above,
Subject to the condition that the beanm traversee

.completely the region of inhomgeneity at the edge of the
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-eomdena@f, the defleetion 40 given by

S= fe Xt | (2.4)
Yhore Y _:L"@'the "goxrrected?, or averaged, valuc of the fiesld
' over tho path of the bosm, and /Z_is tho length of the path 4n
ghe £i01d X . It 46 aeouned that the £ield contimues right
up to the dotecter. Providod that tho gap is appraeciably
gréaﬁér-thén the longth of the boam oross scction, the
. inhomogeneity is concibly constant in the direetion of tho
'_fiela. '.Thi@ confoxrs the'advan$age that the defloction 16
‘uniforn along the whole length of the resulting inege. I
‘bas also been claimod for this arrapgenent thnt, eimce Gho
distance betweon thae electroddm,.énd the vol%age, are relativoly
easy to éeaeure aééurazely, 1¢ 48 much nore reliadle than the
) otheﬁlfor'abeolu%e peasurcnenta.  However, the censitivity of
this arrangcnent ie not so greald éa that of the other, for the
emallness- of f vnich 4o possible ig limited by the condition,
nentioned above, that the boam must traverse the whole of tho
__1nhomog@negty. And tho magmimud@ of the deflection deperdo
quite markedly on the glameing angle vhon thic 40 cmall.
moreofer, ool éngleg are not easy_to noasure ascurntely, and
¢thie then introduses a BOFAOUS BOUFCE Of GFPOF,
_ | 'A glightly perc complicated oysten of throo eloctrodes
wa@'prbposed by MOmillaﬁ (119) 4m 1931. It was claimed for this
=%hé% the doflocting forco wvould be indopondent of the pogition of
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the molecﬁie in the field. It doos not, hovaver, seem to have
received any further attention, possibly becauss of the technical
difficulties involved in the construction of such a syosten,

It 1s therefore to be concluded that the first
arrangement is to be preferred, partgcularly as only a small
moment 18 0 be expected. '

Holecular Type. lexg to be considered 1s the actual

value of~}2 , Which depcends on the geomstry of the molecule,
| | - In the gencral ocase, for a polyatomio molecule, there
are three moments of inertia, JA , o, , about three rmitunlly
perpendicular directions, and a dipole moment, M. The quantun
number for the.fotal angular nomentum is denoted by 72 ., This
has a component (quantﬁm nupber 7,) in the direotion of the moment It
Nl has a compoment P in the direetion of the applied field
The quantum restrictions are ~n&pg ) —RS g L+,
The mathematical difficultleg of a general solution
té cover-gll pbssible cases are much too great. Attention will
be confined %o cases where /L iies along ohe of the figure axes.

There are two special cases of this for vhich treatments have been

' published. They are;- 1. the linear rotator, or dumb-=bell, type
. . molecule (ref.3, chap.IlV, ref.103, chop,YI, 107), and 2. the

symmetrical top type moleocule (ref.3, chap.IV).
 The. treatment published by Scheffers (116) for both these

cases. 18, perhaps, the most figorous to appear so far., The

-folloﬁing sunpnary is based in the maln, on this paper.
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_ caae Gace 1. (e.g. Hcl) J J J;=0. o rotation about
?._the figure (dipole) axio. . Thus the total angular monentum has no
Lbomponent in this direction, ond ¢=0 |
i Wh@n a molecule of - thia type pasees through the f£ield,
_ fthe molecular dipole will, to a first approxzmation, have an
u or1entat1on opposed %o the field direction for the samo iength of
‘;'ﬁime gs.it ic oriented in the ficld direction, provided that the
. t1nefof flighx'throdgh the field 1@ long compared with the period
'.of the'rofatibn; -Thue, to a firet'approxilmtion, the molecule
| euffern n0 deflection as i%" paesee through the fiold.

_ ' To & seoond approximation, however, it is found that the
:field has the offcot of perturbing the rotatlonal motion, Thore
is é 8light accoleration as the dipole comes into alignment with
the field, aﬁd a corrosponding desceleration as 1t suings into

6pposiﬁlon-to the fisld., Thus there results a "time averaged®

| ﬂj éomént vhich is pfbportional to thejfield strength. This moment

. ip no% to be confuged w&th-the”ém&li induced moment resulting fron

polarisatlon of the electronlo structure.,  Fhey wll, in fact, be

of. opposite 8ign. o Co ,
' lathematical analyois yields the roeult that

e 8WA 2 v - \
= — . x 3
/" L yA /“ (Zn-()(2n+3) . #’) —_— /]
 i'Where 4‘ ie Planck's conatanx.

Provi&eﬂ thﬂ% ﬁhe temperaxure 18 high onougk, so that

. HTZJ [r << , and provided also thgt /_45_{( &1,
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(Boltzmann's conltan‘c 44 R ) ‘this expr@esion reduoes to

_./‘7 = e zX (3”’16’5 ) (2.5)

vhero 00-195 = Hn Y ¢ bvoing the angla vhioh the . rotation axis

nakes Mth the field dﬂ.recsion..
Gonbining 2 3 ‘and. 2 5, ue obtain

-s~/“'z. X g_s& (;-(/+ zé;)(3,cn/‘¢ -—/) (2.6)

/6 " &.E,
~ or, for t‘né “normal® defloction (p.4%)
T 2 . o
LS, ﬂ '-X /-/'.Z

‘i'his is the clcssa of molecule which has most ofton been

finveltlgated in the pas% (107, 110, 117. soe also ref.3, 193)
It is to be noticed that the deflection depends on both X and
ax/,); (or, for the parallel pla‘ee arrangoment, upon X ).

B -.lehefferl calm thi@ the guadmtﬂc offact. A it is only a lecond
order effect, the time averaged moment is empll,
. Thus, for the "nomal" molecule, &, = 47, $=o0
I¢ we take 7 = 300° m.,/t=1 D= 10718 g, su.,X 500 E.S.U.,
ve obtaln /« - 6.10~3 D, Thie 1s still larger, by an order of
: magm.tude., then the i_nduoed moment resulting from eleotronic
| .._holariém‘&ion', vhich ve say was of the order of 5.10'4 D.
| | The resulting defleotion is also emall. - Thus again,
__for"7'_" = 300° ‘)’%s- 10‘4 E.8.U. on.", /=10 on., 4, = 0, we
- obtain 5~ 42072 0m. -
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Estema.nn and Fraler (107) ue!.ng the Rabi field,
obtained nomal deﬂections uhich were comswhat lower, of the
order of 10 =3 cm.
h Gage 2. (eg.GHBM ) Ja J+J¢, ¥ 0.
- It 48 th:l.s type vith which ve are concerned in this lnvestigation.

It can ba shown that

| ,{%5‘,)/""-( G2 % l/(lw)em)/“xgp'/ (2 8)

| 'Uhen Jc =0, =0 , the firet term vaniches, and

o'n'ij the -second term -rémai_hs. 'i‘l'_ue is then the dumb~bell case
once more. In mb_t cases where J =\=_O , the séoond tem 1s

small compared with the firs;t_ , and can therefore be neglected.

o 'Whenoe 3 F i lz[nu) /‘ ) (2'9)
or, if the tamperm;ure 1s high enough ",f./ %T </ ) to
“u the classioal ‘expression for the distribution of rotational |
. energies, Ve may put cooy = 7/n , Coo P = Fn vhere V¥ 1ia
the angle betweeh figure axis .( M éirection) and the axis of total

_angular mé;nentum, and -75.the angle between the totel angular
momentum axis and the field direction. '

Vhence ML = p o9 ooy (2.10)
8ince, to a first approximation, the "effective’ moment
1e independent of the ficld strength for this type of moleoule, the

‘deflection suffei-ed will be dirsetly proportional to the fleld
streﬁgth. : Soheffei"a calls this the linear effect.
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since_.'q,'and-f (or v and ‘@ ) are 6qually capable of positive
or negative valuas,'thése equations onos more imply that
deflections to either sida of the undeflected beam are equally
probable.  That s, application of ‘an inhomogeneity will once
_lore result in a “flattened"peak eymmetrioally placed about the
point of maximum intensity in the undefleoted beam, The
broadening, for a given value of applied field, will be considerably
greater than that obtained for the dumb-bell type molecule, for the
effect we_are now oconsidering is a first order one. For a molecule
with the properties &, = %T , $=vyw =o ) o = H =,
say,'l o p (10718 E.8,U.), and other values as before, we cbtain
-deflections of the order of 1.0 om.
L The intenaity dilinution at the naximum will be
correspondingly greaﬁer. _ Thus it should be possible to deteoct
.smgll mnmente in molecules of this type with relative ease.

For the ammonia lolecule which exhibits, according to
Scheffers (109), & moment of about 0.5 D under these conditions,
‘a 304 reduction in peak height was obtained with a f1eld of only
.f79 E.S8.U, With 158 E.S.U. the reduction was nearer to 65%.
| These figures are to be compared with the results obtained for
dumb-bell type molecules. Thuaischeffers (2117), ueing KI, which
.'has'a.ﬁoment'}t = 6.8 D, obtained a 53% reduction in peak height
| ¥ith the use of & f101d of 179 E.5.U. The difference between the
fituo classel of molecule is even more apparent when 1t ie noticed

that in these earlier expariments the oondenser was almost tvioce
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tﬁg half vidth of the undefleoted beam, For a-gymmetrical top
: noleculd the effeotive moﬁent 40, 08 we have scon, independent
. of field str@ngﬁh, and 0o the “normal“ doflection doponds only
on C the @pparatuo coneeant (Ogn. 2 11).

‘Rence L (0)/ I, depends on the ratio C/4 , Yhich we might
| call the ﬂreaolving povor® of the mppara%us, and which must be as
hlmrge as possiblo. ' | '

'A?PARAﬁus SPECIFICATIONS

tie have notw eufficient information to enmble ug to

specify the c@nﬁiﬁﬁans for obtaining moxinun oensitivity in our
search far a poesible dipole nonens in a molecule, at least ia ag
far as instrunent deeign 16 concerncd,

| Firatly, Aﬁ ~ oust be as ea0ll &g posoible. tle have
g cesn, however, that one of the difficulties in the molecular beap
technique lies in obtaining 1n%en91tie@ of sufficiont mognitude,
aven for the undoflcoted beam. [, dopends on tho preduct P&
(eqn. 2. 1) .”ha-maximum poeeible gource progsure is linited by
the mean fr@e path condition Lop molecular effusion (esee p.35),
3 W-N _Af{ 244 ; vhere, in the ayateon %o be invostigated horg,

X and f>'muet ﬁefo? to the totol pressurefof gas in the @ ureo,
and not merely to the partial pressure of the radicalse in whiéh
_we,are 1nterosted., Thue ve muot combine the condition of minicum
poseible Uidth of cource 61t vith maximun poselble area.

| Throughout this diacuaeion.the bean-forming operturcs

have been reforred %o a6 814t6. - A long narrov slit 48, im foet,
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the_best'aolution'to thié.probiem; - It has the'further advanfage
that the beam inﬁensity is inéepenﬂent of slig width. For, as
‘the vidth 1@ reduced the preesure may be increased by am amount
Just sufficient to componcate for ‘this reduction, oo that £,
‘remains uneltered (of ref.103, p.15). '
The 1ength of the olit, however, and honoe the number
of moleculeo arriving at the dotector 1n uwnit time, 1o linited by
a further conaidoration = that the beam .Bust traverse a region of
the fie1d whlch 1e a0 mearly uniforn as ‘possible, both in X
anda)%s, along the length of the siit. F'qi- a long narroy beam
travelling parallel %o, and Just. above, ohargéd Qire; thig
. condition is even appraximately satiefied only in the central
portion of theé beam, ~Hence the agiount of defloction obtalncd
wn vary éloﬁs_thg length of the trace.,  This is not porticularly
of importance when ohiy e quélitétive ansﬁer is_required from the
inspectioh of a'Qisible trace, 'Itjzb, howe&er, extromely important
if more quantitatlvé'methods of plotting peak.shapee a?e envisaged.
lFurthermore, exact alignment of the slits becomes more
orltieél, énd;moré difficult, as_thé length of the slite 1o inoreased.
The use of optical methods, euoh as'a mlchBOOPG vith crosa=wires,
- 18 permissible uith relatively ahort 8lits (rof.103, p.52), but this
is not lufficlently relisblo for longer narrover olits.
. The aeoond condition.for maxizun ecnoltivity 4o that the

appa?mtus.cénstant C (eqn. 2.11) should be as large as possible,
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| | The condition thaf “)%5 be large 1s q'uite evid'ent, and
S has already been dmaoussed.ll It 1s preferable to arrange that
this condltion be satisfled for the minlmum poesible )(
order to keep polar1sation effecta as amall as possible, 4@ ;
the length of path through the field, should be as large as can
be-oonveniently arranged. I, however, the wire 1s too 1ong,
.1t'may'happon thot,ffor large-defleotions, 1t_w111 encrooch on
the line of - flight of the moleoules.. In this case it might be
preferably to place a limit on- Aﬂ ’ -and set the detector back a
diatanoe Af from the end of the wire. " The effeotive de¢fleotion
at tho deteotor will be correspondingly increased. There is,
'however, a limit ‘to this as well, for the 1ntensity falls off with
the square of the distanoe from the source. The sensitivity of
the detector thus places a limit on.the total length of beam which
is praotioabla.- 'Finally,'the'téﬁoorature of the source must be as
lov ae posslble. B
SUMMARY _
"" Thus we require
i.. A method of radioml production, ‘at a8 lov o temperature
a8 posslble, vhioh givee the highest posslble yleld of
radioals. - _" R _
- A aensltive deteotor which reSponda only to radicals 1in
| the bean, | : |

=3;' For the formation of the beam, narrow alits of nedlun

,:: length.
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4 An eff191ent pumping myet@m.
uS,;fFor the aeflection of th@ beam, & high inhonogonoity
o lcambined vith not %oo high a'£ie1d atreng%h ond of

reasonable leng%h. o
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'CHAPTER III, EXPERINENTAL

RADICAL PRODUCTION = .

‘ _'Th@_two major fectors which must be considered in

_ the choiee of'prdduetlon methqd were 1hdicgted at the end of
the last chapter. . - Of ‘these, the most oritical one 1s
undoubteﬂly the requirement of the maximun- poeelble radical
eoncen%ration, combtned with the lowest poseible concentration
"of other types of molecule in the resulting beam, Only vhen
this haa been satllfied can the preterenoe for & relatlvely
Tlow temperature be exerciaed. If a choice still remains
'after this, availability of starting materlals end ease of

- operation. ape worth coneidering..._

- 'Furthermore, 1t is deeirable to choose a method

whlcﬁﬁcan be eaeily modified to produce radicals ether than
For 1% moy turn- ou% that the methyl moment 18 too
'Thie answer would be of more significance

methylf
emall to be detected.
iz 1t could be ghown thax the apparatus 18 cepable of detecting

the moment of -8aY, the ethyl radical. _ Because of its asymnetry,

:jthis radical ghould have e emall moment, quite independent of

~ ‘the oonfiguration of the -CH2 group.

Thus, of the produOS1on nothods reviewed in Chapter I,

thathbf photolysis can be ruled out, for the naximum
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. gomcontration @ﬁt@inga in Ehﬁa:way geons to be nueh less than
' tho'edncantfgﬁiong obtra ned by other methods.

' Pyrolytie nothoeds hove the cdvemSoge of Olnplieity
of oéarsticn, and of ﬁhe'gasmible'o%a?tiag Daterinlo, foup
_ﬂaeom to bo verthy of furbhow soncidorotion:=
Y . Tond t@%rmLethyl wag, a0 o have secn, tho originnl
. poures of vadienlo uged in the oxperimonts ukich Qempnstrated
ltheﬂr ex&a%enco. | an@f$unaéoly'thia Oatericl do0o no% CREOGP’
%o Bo mﬁﬂufOB%U$Gd in this e@umﬁfg. ' 8inco 1to high volability
ma;oo parﬁ4culam1y eepioum the vell-knova toxie bazardo
asooolatcd-wiﬁh %heso metal alugio,_en@ nloo bogouce Bho
_"'staﬂ.dgﬁi ra'et}kiga‘of preporotion peens %o invelve o doginmite

.rtek éf azﬂlbﬁi@m,.i% waa folt that the rreporntion cnd uGeO
of thia maﬁeriﬂi wos 8o be avoi&ed 4¢ pooccibla,  Furbhorloro,
tho tampova%uv@ r@Qnire& fopr couplcee aoccnponitien soens o
| bo woiativolg high. %ho weoulio obtnined by Cltenten (57)
indiente thot this galtes plnce omly ot cbout 73096,  The
resultm of - ﬁzppla ond Q%evenson (61) rould eeen ot £ipot cighd
.no% to aqrao wﬁ%h %hie f“auro. In thoip epparotuc thoy kod

.'n@ reend of :eamurﬂﬂg the pyrolycis tcmp0patu?o, ond Shosofore

_ %he.%om90r03u1°o thoy guoto are only ?augh cotinnten,  YRey

- obta&n@d a Dazamnm lon cuprent for Bfo = 15 ot around BVR—BSQOG.

| It i@ not ot all eew%oino hovever, SRt tho ghonge in lom

.'eurmen% ui%h pyg@lgaio furnaee suprent vadeh they obtoined

- hbsapm any wonl rolotionghip %a tne degree of pyrolycio ot thoee



_temgefaﬁuréE, forfthey'obtained‘a“very charp moximun of the
tegpérature quo%éd.l Thelr résults, hoﬁévér. aro of intercot
_ 13_%ﬁét thoy ghqw'verg'elearly-that insufficient heating gives
ffise-td & vide variety of fragmente, and else that the desired
_radical 10 not necessar&ly the major component in the beeom.
meverthelees, gince @ aample of lcod tetracthyl was
evailable in the Iaboratory, thie material ves sometimes used
in the preliminary experinonts when o source of ra@&eale \¥fals}
requirad quickly, for the extra apparatus rogquircd was very
eimple. 50me of thsee experﬂments and the equipnent uced
‘o1l be de@cribeﬂ in. the noxt chapter, in conncetion Uith the
_'aceount of the 1nwostiga%monc into methode of detcection.
2;' lepeury diriethyl has been used succesefully by

Lossing and $1ckner (60) foy the production of relatively high

padicel coneentraﬁions. ' Houever, it alse is toxio and doos

no%,decompoae antil relatively high tomperaturs0 ard attained,

Iﬁgold anﬂ lgeming (59b) estimate that it does no® docompons

at temperatures lover ghen cbout 600°G., cné that complate

- deeomposition ococurs only a% goout 8onCc.

Noreover, ﬁhe moleoular boad cpparatuc to be deooribed

1n Chapter V- contains 8 considerable avea of brass exposed %o

the vacuun. Gonaoquen%ly any eompoun& copable of yiclding
mercury vapouw 18 to be avoided wherever poseibl@.
‘8ince The

3. Di-tarw-bnsyl perozlae (Buetoa)

atecovery.(120,121) thet thie metorial decompesss o yield
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' almoet excluslvely tuo methyls and tvo acetone moleeulee per

, moleoule, 1t haa come into inoreaslng uge as & convenlent
aouroe of these padioals. The. cprreeponding di-anyl compound
yielda ethyls in the some Way. It is, morcover, olainmed for
this materlal thaﬁ decomposition takes plaee at relatively low
1temperatures. ~ Durhanm ana steaeie (47) used temperatures
around 32500., whereaa Milas end Surgenor (120) and Raley, Rust
and Vaughan (121) used even lower genporatures (250 to 3009C.,
and 22500._reapeqt1vely) However, it would seem that, under
| éondiﬁiqns”of very"high_flow rate, mueh,higher temperatures
%hgn-thiélarefneeded; :'éhua Loéslng énd.Tiokner (60) found
thét th@,ﬁéx;mum éoneentratioﬁ of methyls fron this materinl,
in theif arranéemeht 'Wés obtainsd at sbout 85090, Some

_ pwelimlnarw trials carried - out 1n the preaent investigation
would ‘seen to support this (cf. p./59)., TResults quoted by
Loasing end Tiekner glso indioate that ‘the concentyation of

.radicala obtained from ‘thie substance was not as high as that

.'obtalnad by the use of meycury dinethyl,  Thils rosult 15 not

eltogether surprieing sinee, with Bup 02 the initial

..decomposltion step is the prupture of the 0-0 bond, and the

v by decomposltion of the fragmente.
alf 1ife, methyl formation will

methyls are formed 1ate
- If thesé have an apnreciable h

v take plaoe after the fragmente have been awep; oy from

_onl

ion zone and from the neighbourhood of the tperture

e 1on1satiorxohamber of their nnes 8

the react

’ieéﬂing to th pectrogetep.
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'.In the case of mercury dimethyl howaver, free methyl §s
immediate produot of the decomposition step.

'4. : Azomethane has .elso been used no a source of
methyls, and would seem (25) to dsconmpose at the rolatively
low temperatnrs of 400°CG., This material, however, was nof
immediately available ana has not been considered any further
up to the preaent.

The other possibility to be considered was sore
'modification of the sodium flame technique, which should,
.iconceivably, be capable of high initial ylelds of padicals
 provided that the collision officiency of the reaction is
aufficiently great, “his condition is eatisfied in the case
of the lodides (30). Resulta have been obtained (cf rof .123)
- which 1ndioate that in the vapour gtate reaetion of sodiun
and methyl iodide, one in every 1.5 collisions results in
reaction (34) and in the oase of the sodium - ethyl iodide

reaction (122), one 1n every 2.5 collislons is affective,
Efficiencies of this order Were emple for the arrengensnd
enviseged for, a%'é pressufe as low as 10'2 mn;Hg., the nean
free ﬁaﬁh-ié'étill only about 1 mm. ‘Ag the reesction zomne is

. geveral centimeters in extent, every jodide molecule will

" almost certainly have a chance %o react. Thus, in conditions

| of'sodium excess, none of %he jodide should reach &he

. neighbourhood ‘of the elit and the becm should consist only

of the ppdicel and the producte of its reaction with 1¢self,
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‘The sodiun fodide 1s relatively involatile at the temperatures
| uéed;.énd §épo§1ﬁs'bn ;he.wallsnélmoet'1mmed1ately adjacent to
"the'zohe'of reaotioh.' If the elit housing and the walls of

:.the reaction vessel .close to it are not heated, most of the
'..exceas sodium deposits there. It wae found that, with the
"arrangement used, 11ttle 1f any sodium deposited on the 811t
'.1tse1f _' o
| A eodium vapouw lemp placed near the reaetion vessel
.provides vieible proof that the sodium excees is being
maintained for the whole reaction spsce is filled with a
-.yellowish-white glow under these condi tions. If the vapour
preseure of the 1od1de 19 1ncreased sufficlently the glow is
1nmediate1y extinguisheﬂ, Thls is a very gensitive test, for
b thie glow is viéible in @ darkened room for sodlum pressures
as loﬁ'aé 10~5 mm.Hg.'or-laés (35).. As the reaction proceeds,
-"viéibility becoﬁea lassgﬁecaﬁse tﬁe-heayy leyer of sodium
jodide fenﬂa to obscure the ﬁiew; . 1% was, however, found

poseible'to dge this check even after 15 to 20 hours running

.'-j time, once eXperienoe had been gained.

- The temperature of the reaction 15 determined by the

vapour. preesure or god ium required, At 4oo°c. thie is gbout

0.35 mm.Hg., at 440°C., . gbout 1,0 mm,Hg, Pressures ¢ this

-order should be more than sufficient end thus, in this respeot,

the method has o distinct advantage over the pyrolysis nethods,

‘'while being, 1n principle, at least thelr equlvalent in




potential yleld. of raalcals.
' - 8ince thie metiiod scemed to satiafy rost of the
reQuirelente qguite well, ond the materials were reedlzy
'avbllable, it was deoided to use 1t as the major souwoe of
‘padicals, . It hod ths added adventoge thet it had been used
auoéesefﬁlly for.other-purposeé by people ot work in this
1aboratory. 'fh oné respect only 18 1t inferlor to pyrolysis
| methoﬁs.-_ It i8 not 8o’ sinple to operate, for it is neocessery
%o introduce fresh codiun into the apparstus by @istillation
at r@gular 1nﬁervals._ Thia'ia a tedious procsdure,
1% has alweady been mentioned that the final aln
wne to obtaln a beam containing the fewsst poscible numbey of
molecular epeclea. For this rencon it uas pesolved to vary
_ the uaual procedurs. and to vork if poaslble without the use
~of earrier Fas.. Trial experimente in a.aimple enperatus,
" contotning no slits, seemed to indicate thaot this was possible
(cf. 9.123) . bs long ago as 1933, Horn, Polenyi, and Style
(35) ned observed that appreciable back dif fusion of the

' reaotante 18 obtained under theae condltiona. This heae been

ply oonfirmed in the prasent 1nvest1gationa, but wes not

nolderea to be aeraoue so long as the build-up of aediun

| 1odide did no% impcde the £1ow. . It would nov seen, houwever,

. that 8. carrler gae 18 neceesary. _The conditions ob the inlet

“puch ns that used by Lossing and

of & maes spectwometer, !
close resemblencs to those obtaining

-Tlckner-(éo). bear. o Very

_66- .



 in a molecular besm ‘source. ?his Wb?kl published in 1952,
 .1nd1oates that the concentpation of me%hyl radicels resulting

from the pywolyeie of mercury dlmetbyl arops avey Very rnpidly
a8 the flow.pate on the "higﬂ'prvssure pidc of the source
8lit 19 diminiehed. In the absence of carrior ges, VOry low
nethyl coneentreticns were obtainea cven then separa%e pumping
was maintained on the source side of the siit.

~ These resultl mult be talken into account vhen futurs -

g development of ‘the molecuilay becm appawatus 1o being considered,
APPA’?A‘I'US AUD MATERIALS
In all desoriptione of glase anparatus 1n this and

euoeeéding chapters it may bs aogumed that pyrox glass wae
used, unleas otherwise mpseifled.

source Preseues Control.

Whiohever of theoe production nethoaa is used, the
first reqnirement ig gome nmeans - of regulazing the pressuro,

end of meaeurlng it.

, ‘7ith the exception of tho sodlum, 011 the staptiing
materinls discucsed aro welatively volatile 1iquids under
normal condittoni. "It is posclble %o control the preosurd
in the reac%ion ohambar by mainteining the 1iquid resorvolr at
‘pome temperature ot vl ch ‘the Vapour prescure is ouch higher

 then required (sey 8% room %emperature or ‘Just below %), an

“reBIGSance“ of a capillarg connection to roduce
Usod by itself this pothod

"to rely on the
the preseure to the desired value.
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Ao reiaﬁively iﬁflexible, cnd contfollea_Variatlon of the
- Ipr@ﬂsure ﬂs not ool 1y carried out, -
'_ | If the 1iquid is mainta&nea ot constent temporature,
use’ of a8 valve ow tap 1a the only nepns of presours varintion -
-whion preaeate 1taelf. ?he sinplest nethod is o wmodify on
u_ordinary giaso tap by ecopﬂng two grooves on the ground
'5aurfaee of the key. Aach groove is at the level of the gide

- oras on tho barrOI end rung, in the same diroction, from one

end of the centvel hole ‘about half vey rcund towardo tho other
end; Whe length of the eapillary leek thus forncd com be
al%ered bJ a slight turn of the tap koy. Yhe length of tho
groaves 19 Iimiteﬂ so thet thepe is one sotting of tho feop
where it cuts. off conpletelJ. | one disodvantogs of this control
..-nethod ia® %h@% the groove tends %o got clogged up with gronsd.
T e other ia thct all of the vanours cthose use is propossd

diemolve very reodiiy in hydrocarbon Sap greasoo {c.3., Apiczon

pr@mue%a) fhose cannot, therefore, be uced, for tho ctage 16

very qu&ekly reaehad rvhere %he Tapour Prassu=c of tho substenoe

1n the reaction gono is appraciabla oven when the ¢eo ic daub,

Within a fou deys the grease bacones 80 pobile thot 1% wumo out

of the tan, with doloterious effceta on the vocuus, Lead

totra@thyl wag found %o bo particularly bad iR thia rasgoeb,

- OSher tap greases were tmod. Pirot, ¢ ceaple of

. the ola-faahioned "sugar“ groaoe uns obtained fron Dw.L.aoraal.

Thig grease had th@ compoaitipn mennitol (1.7), dextrol {3.5),
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| '81F°9r01 '_(12.0), vhera the figures in brackets represent

. parte by weight, Thie mixture is quite resistent to the

. alkyl halides, but it hes two disadventages. Firstly, it
f_:répidly;bécomee-étiff, ana-néede,replaéement at frequent
— ihfervala. - Becondly, 1t is éxtreﬁely hygroscopio, . Dufing
'1té'prepagation, therefofe, care must be taken both with
..atéftihg materisle and Wltﬁ'eXperinental'conditidna. And
iﬁ_subseQuent storége 1% must be protected as far as possible
- frdm-the*atﬁbsphefé§ Even so, 1t seoms to absorb water vapour
after a ¥ime, Vhen this_has happened a good vacuum is almost
"1ﬁpoasible.ofLachiévement. - If thie grease is used it must be
pgotecﬁed from thefatmosphefe hy'a liberal coating of petroieum
R Jeil&'ﬁlaéed on the ouﬁside.of the tap at points where the
.‘ grease would othefwise 5e'eipoéed. The use of this grease was
“also 61scontinued after a time.
o | Dow—ébrﬁing silicone gresse (high vacuum quality) was
_ | aieo uQe&. fhis'grease has the general disadventaege that i¢
. f,'tends to “ruh“, but 1t seems to be falrly resistent to erganie
vapburg_(see,-hdwever;'p,/5l). This grease was used on the
" matn apﬁératus on the tap isolating the iodide reservoir from
' --'-t,he- rost of the apparatus durding “shut down® periods. At
these'timee the stofage-veeaellwas‘kept immersed in a Deuar

tlaék'wﬁloh-waé peplenished, at least once or twice & doy, with

11quid nitrogen.
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A varﬂoty of aooigns fo? "groacelcas? valves has

. been publlshad. These often 0oem to be rather complicated
:1n design, or fra@iié; end tho sipploy ones often involve

_’the uae of moroury,'ﬁhich-waa %0 be aveided in theoo

-,1experiﬁeh%a a8 fer as ﬁobsible.-' A new grenseloos “cul-0f£f0
Valvé;-émploying élﬁlgstAO d’aphragn in an othorwico ell

metal donst?uctién; hﬁb-peeently como on o the nagkot. I%

acan b@ seclod %o o glaem apperatua by neeno of ﬂﬂoueekeepe?“
"copper to glaos soals. . If the plaotic diophrogn proved

" gnéufficisntly recistant %o thase vapours, o motal one could
' be'used,;  ?h1a, howevér; 1G'not'qui%e go voocuum tight.
i?hic-ﬁap:wbuld,_hawever, prove:vepy weeful on the high

| rpfdgaﬁre eforage aiéa,of'a syétem ouch as the ono wndor

" conatdopation, oo 1% tould obviata tho mSeeoity fop tho

. aelly “is1ts %o wefnl the Dewap flack.

| o Por aotual ureseure control, however, attont on wao
'ﬂireeted te the possﬂbili%y ef r@gulating the tenperaturs of
".the 1iguid. If 'i:hiﬂ ia sa?;i sfaetory, relatively wido

'  eonneot&ons betwoen stornge veasel oné Oourse Are suffi@&ens.

--'”he effee% on prossure of minor temzorature flustuationo oon

'bo reduoad by %he 1ntr@duc%10n of o Ybalingt® vesosel into

lj'the 1ine (e.f. 218.26).

_ _ Laad totra@%hyl me%hyl jodide, othyl iodido, havo
'"'a VQgcur PrOGBUre of 6.1 mm.Hg. at tonperaturcs epproxinately -

-‘-8 -98 ~79°@.; foapaetivaly. Yhe figures for the iedides
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were oﬁta&ne&-ﬁx.gfaphieal-ex;rapqlatioh-on_semi-log. popsr
of dnta, teken from e paper by Stull (124), end checked vith
£igures given in SQnders¢n'ﬂ bbok (125). Welther of thooo
£4gures are sbeolutely corteln, -although of tho two, mowo
relianee‘oan be.biaoea in tho ono for othyl iodide. Tho
melting point of'thie sUbstance 1g ~105%C., end thuo tho
'oniy uneer%ain%y ie 1nvo1vea in the rather long extpapolation
) “%o temperatures well below those for vhich expopimental data
ape available, A% -98 Gw,=methy1 408240 18 solid (M.P.
-64?6.). i Sinee'noffiguree-are é€a11ab10 for vopour £r00BFOS
1¢.th19,s$ate; cetinnten ére_correcponaiﬁgly leo8 ré}iablq.
FTheee £igures for the boiling poiﬁt of 1ocd %tetraothyl wero
found, one from each of %hree difforent stondard ref eyence
: books (Landolt-Bovnstein, Lange'c handbeok, and X.0. Fo)o
Tapour Prescupe estinates fo: thié compouhd_wosa npde by -
‘extropolation of these three figures ih the seme vy o0 for
tho 1o0dides. Im this case therc oeems %o e no raGOFaAca
m@lting 5oinsg, proaumably because ﬁhe cub-%anoe must alvuaye

: freezo to e vitroous condition.
_ 9Slush® baths mpy be dev&eea (125) vhich: will provide

a eteaﬁy temperature for pepiods of pbout half an hour. Thoy .
are not euitabie for longer periodo, hovever, 08 violen%
tomperature flue%uations are caused durang the pw@eeal of
‘po-gpeezing, loreoeveor, at temperatures polow ebout -60°C.,

' %here are fou ergonic ligquido thich ore ouiteble for %pe



"f maintenance of a eteaﬂy ppé—de%grnined tenp@fature, end the
' 1n§évvale betwéén availébie témp@ratures are yathor ilorge,
and do not cone%i%uﬁe regulap stepe.
A moﬁerately eatiafaetory sontrol was aohﬂeveﬂ
'.Lin the foliow&ng BAANGF, The storege voaael whiech wau
 'eonetrnoted of glass %ubing cbout 2 em, dipmeter, vas
ieurrounded by & piece of copper-;;gigg, 010504 ot one end
. ana.?aﬁper-lgrger 1n diamater. " Fhe intervening space was
_fillea with £inoly granﬁla@eé.oéppef_in ordor %o-prdvide come
o ﬁore 6f'ﬁhewma1'oon%aet | 'Tﬁis aogembly wac cooled aoﬁn vith
. elthep liquid nitrogen or an &cetone-noiiﬂ caprbon dioxide )
baﬁp..' The Devar veesel vhich contained thic could be peloed
or lovered as tho noed apose. . The tube Uns first cooled

rapidiv'bg raieing-%hefnewéé-aa fay ns 1% vould go.  When

:j_ the teﬁperazﬁre had fﬂllén'ainost'%o the ?equired velue, tho

fiask e 1owerea by atages until the heat loss £rom the tube
o the coolent was just balanoed by ¢the heat godnod by the
exnceed part of %hs eoPper %ube froa ﬁhe surroundings.
Alterna%ively, the eoolant couid beo main%ained at & constent
;:height and the. heat input varied by pas@ing curront through
: a fevw turns of niehrome wiwe ‘upoppad round the top of the

| tube, The hea%e? was insuiated from the ecopper wi%h o few

g .-1ayera of asbestos papero ' Gontrol was no% very clode,

'-howover, a8 the arranwemen% has an opproocigblo time 1og

- because of 1&s8 polatively high thovamal oapeoity. Phe best
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'“;Eqntrd;’éttaine& wag about + 3° at -55°G. over a period of

| ’aﬁoﬁt'an:ﬁOuf.u Po attain even this the arrsngement required
;pqhetént'gtfentidﬁ,.pgrtiéularly when 1iquid nitrogen was

_; used 'since én éppreciéble drop in the coolant-level had the
ﬁfsame sffeot a8 ‘was obteined by lowering the flask., The rate

. .02 ¢onsumpt1on of 1iquid nitrogen was high._.

The dovice inetslled on the main apparatus was,

':gfhoweyef,_mueh @ore_eat;sfactofw. Pwo of these were

v.ﬁ{cbﬁatructéd' "ﬁhe first 'whiéh was used in the molecular

beem experiments, was a fairly close copy of the design

-prublished by Comstock and Rollefson (126). The scoond,

: ‘5 wh1ch was uaed“only on the auxiliary apparatus, i ncorporated

'?'eome elight modifications in an attempt to improve 1%e

" 'operation even further. A similar plece of equipnent has

‘7been used by Millew.and Steaoie (127), who call it Y%a trap
gimilar to the Vard et11l® (128) ~ In the present investigations

it has been named & low temperature thermosta%.

In broad prineciple '4ts mode of operation bears sone

1similarlty to the device already outlined., Thet is, the

-_itemperature 1s maintalaad by balancing the heat input ageinst

“$he heat 16ss o the coolamt. Both of these variebles are,

"':"howeve?, much more fineiy 00ntr°11°a over a much greater

'range of temperatures, _
|  %he liquid atorage vessel was segled into a glass

'oﬁﬁer-jacket to whioch Wgs_attadhed a two-uay glase tap (£ig. 26).
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"'a few millimeter of meroufy,

| Oné'leéé of ﬁhié-tgp vas conneoted to tho auxiliapy high
: vaéuum, :_syé_tem‘at A (fig.iB,. p./12), the other was dravn
: down to a capillary:dpening'mhioh mede it poesible to lo%
any desiped . quantity of éir élomlylinto the jacket spnoco.
lThe vhole asaembly was immersed in a coolant, ususlly 1liquid
'nitrogen.
" Binece the oonductivity of the alr space depends
on the pressurad, et low preusures the rate of heat loss Lrom
the reaeﬁvoir ‘to the coolgnt could thus b2 controlled, Heat
4nput. was provideé by é short length of nichrome %epe
' (resiatance about 12 Jl) wrapped around the resepvoir, and
ailver solaepea to two copper 1eaae vhioh were waxed inte
oapillary side arms. Fith liquid_nitrogen as coolant, a
: temperature éf so°c. wés eaéily paintained with a heater
ourrent of about 0.2 amp and a good vacuun in the’ jacket
.-(.< 10°4 mm,Hg,). The heat {nput wee therefors of the order
of 1/2 watt, and the;consumption of coolent was quite lov,
| 'aThe'reservoir'ﬁemperature, as m@ésured by & copper-constontan
'fheémoeouple 1nsartea'éOWﬁ the thin re-entrant tube lying
‘between regervoiy and heater, geencd o be relativeiy
'1nsen91tive, between qui te wide 1imits, to the boolant level.
. ~ The method of operation wag as follows' guffieiont
aly was 1le€ 1n through the two-uay team to give a prossurd of
e8. measuped by o oereury nenometer

attanhed.to the side-arm (EMQ.ZG) The sswangemen% was then
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".j:uimmersed 1n the eoolant un%il the temperature was as low as

'*Tfpogsiblgf, It wee nedessary to-walf obout 15 %o 20 minutes

'h-'fiqrtef:this_had been attained before proceeding to the next

"u.étep; to be sure thet the interior of the dovice hed bocome

B properly 0001. Then the heatepr curront was adjusted %o

-_the required value ond the jacket pumped out to the ?aquire&

'.PTGQBU?G... Onooc equilibrium was attained, ths Cenperabture
't:ffamained aeneibly_éoﬁntan% fo§-as long @s the oupply of
“_Jﬁoblant'was ﬁaintained. The temperabure did.tenﬁ to €yrop
mlightiy when VQbour waé'being.withdrawn, but this could
. gasily be eompenéated by a slight adjustment of ¢he heater
current. | - | |
' '. Before the"dévipé was finelly inctalled, a complete

;Qﬁlibration ves carried out, The resulGs ore illuabrated inm
- figurefG,_which_shoﬁs'the jacket precsure as a funotion of
*theéioeoupie témperatﬁre for a éerieg of heater currents up '

-to 0.35. a-p. . Phe theymocouple hed been rouvghly callbratcd
_ ‘ogainst a pentane ‘thermometer. The thowmostat ealibration was
" earried out using both 1iquid nitrogen and acefone - fdrikold®
. g coolaﬁta.- It will be sesen that o much greater temperaturd
'range 10 avoilable vhen liquid nitrogen 10 used. Gurronte
) gpeater %han 0.3 omp. ars not desiroble ao thoy eouse the

. _coolant to boil awsy rather .too rapidly. When relatively

‘high temperaturcs ore required, therefore, 1t 1o detter %o

"change over to the “arikold“:mix%ure. Liquid nitrogen i8
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“more convenient to use, however.,-ﬁThe 0.05 emp. curve lies
.:Hvery close to the eurve for no ourrent at all, |
‘ " This chart : woe found very useful for deciding on
_the operating conditlons The temperature necessary for
the required vapour pressure ves determined by consulting
the semi-log extrapolatlone referred toonp.7/, Eoonomy
| of coolant was achleved by ohooeing the jacket pressure

"which would give this temperature for minimum heater ourrent

The device responded fairly qulokly to changes in
.heater current and therefore 36 wae found necessary %o use
la etable voltage eupply. Thie wae, fOr a time, achieved by
e'meane of a "Variac® conneoted to the stabilised 240 V. supply.
'*The-only eVaileble Variac d1d not, however, allow for very
ffine oontrol..' it was thepefore changed for a £ixed transformer,
oonneoted still %o the etabilised 240 V., whose 6,3 V. and 4 V.
windings vere connected so as to give approximately 10 ¥. output,
Fhe current-wae contr011ed by means of a rheostat of about
- 100 N totol resi gtance. o L
The only obJeotion to thle device wae that the

ce preeeure, as meaeured by the thermocouple gauge
.-aesorlbed 1n the next section, eeemed to depend to a oertain '

"extent on the quantity of liquid in the reservoir. This

n heating by the nichrome wipe
i1ty of the pyrex gloss.

ioould be aeoribed %o - uneve

“jbeoauee of the poor thermal conductiv
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?7th1ck coatlngs of. platinislng solution at ea

_ In the second model an attempt was made to overcome
"thie defect. The heater vire was replaced by a glass tube °
Wh?qh.syxpped ovef_the storege véasel, and extended from some
| diéﬁan¢é below 1% (but well cleap of the bottom of the jacket)
}.alhostﬂto:the top segl.. ?hié tube was coated, for most of

| 1ts'1ehgth vith a thin layer of metallic platinum obtained
by “burning in® a thin coating of “liquid bright platinum®

) solution ‘obtained commercially (c f. method for making “ofen®
heatera, re?,108, p.767). . By o prooess o trinl and error it
"wae found possible to produce a coating, gbout 13 cim. long,
"vhich we§ reasonsbly uniform and had a resistance of 10 41 .

1f the resistance wae too lou, 1t 6ould be reised slightly by

: heat1ng with a flame, but care wae ‘needed because the platinum

:coated glass ropidly beceame hot enough to bend, Once thia

'.happened e fpesh start had to be mode, Adequate conbect

with this depoeit was obtained by firat burning in several
eh end, then

’-twleting a platinum lead round the thickened portion, end

;:ln'finally burning in another fow coatings at these two places.

were then sealed into capillary side arns
These leands

'f”he platinum leads
'on the vacuum jacket wvith black wax as before.

aerved also as supporte for the héater tube.

,'“1_ was not really necesaary.'

‘At the seme time the construetlon of the inner

reaervoir was limplified ”he "trap“ form of the first model

Instead, the thermocouple well
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wae'p@ééeﬁ dowm the centre_éf t#e tube, 36 that its end reated 

in the liquid. This had the advantage that, not only ®as the

'thermocouple now well awey from the heatef, thus messuring the -

actual tempepature of the liquid. end not something apsroximating
to 1%, but the arrangement-was now coﬁpletely synnetrical abouﬁ

a vertical axis, wlth a correspondlng 1mprovement in ¢the
- temperature gradients.

This model also worked well but, because of the
greate: thlckness of glasa, ite reeponse to changing conditions
was slower. In some respects thies is an advantege - e.&. when
a etéady temperature 18 £0 be maintained - but it greatly
~ inoreased the starting up time, ‘Provided thot a more sultable
. method of making fiﬁm contact with the coating can bo devised,

. & further 1mprovenent would be to deposit this coating directly
on %o the outside of the reeervoir before construction is
completed,

Source Pressure Measurement -
| gince the source preséuré 15 such a eritical factor
-.1ﬂ moiecﬁlar beam work, it was deemed_neceseany to provide .
" some means of measuring 1% directly, and not einply to rely on
the 1ndireot method of measuring the temperature of the 11quid.

in any system where a gas 1s betng pumped along a tube there
| It 16 therefore deeirable to
With'

is a steady fall of pressure.'
place the manoneter as olole to the 811t as poosible.

| 'the-apparatus ae constructed (Ghaptar ¥) the closest poaeible'
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_ positlon-wae'soﬁe consldefabléhdistance further away then 1%
shou}d be for preference. Since thé geometry of the
| érrangement is rather oompiieated, no attempt has been made'
to estinate the expeoted preaeﬁré drpp.bgtween the manometer
and the reaction ohamber.  But, as the elit s without doubt
the narroweet part of the system, 1t wvas coneidered poaeible
that 1% is not great, - | |

Because of the importance of high source concentratione,
howevef, this is a matter vhich should receive further attention
when an apparatus of new design is being considered.

The pressure rengs td be messured is an avkward one
from an instrumental point of vievw, What'ie really required

is a devico which ia most senaitive in the range 1.0 to 10"2

-mm.ﬂg, o
' The McLeod gauge-oannqt be used, for it is desired
to measure the preeeure'of éondensiblé vapours end, in eny
.caee, mercury cennot be allowed in the mein vacuum system.

It 418 possible, with the s d of suitable electronic
devices, to extond the range of the Bodenstein quartz spiral
gauge  Fhis 1s beet used, however, oe & null inatrument, ond
: would legd to undeelrable complleations in an apparatus vhioch

is already sufficiently elaborate.
The best solution vas thought % be a hot vire

| manoméﬁer of the Pirani type. Ia the interests of simplicity

it waé'decided to sacrifice a coptaln amount of senslitivity ond .
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. trg the thermocounleApaumg
Thig 8 & Eoﬂifieatlon of the Piranl gouge in vhich

. the temperature of the heated wire is measured by means of a
%hermooouple atta@haa to ito cen%re. If no gréat sensitivity
is reQuired it 46 sufficliont %o conneet the thepmocouple leaae
&;reetly to a mi epoarnetor (og_lillngltmoter). Tho only
-Iother equipment roquired 18 on aécﬁmuiatOP (2 V. outpud), a

_ geter o measure the heater current, ahd'a_ﬁheosﬁa% %o |
 ‘gontrol 1t. The Gx%ernai civcult 18 ghowﬁ in £ig. 26,

" attached to a draving of the most pecent model constructod.

. It weo founﬂ that tho. los% sensitive ronge of thic
czauge 1 grom 1072 to 1072 mm.Bg. It ™11, howevew, indicate
pressuros £rom obout 4.10° =1 %0 2,1 0'3 om,Mg. ¥ th reasonable
| eépﬁainty. ' The eénoitivity*in the high pressubs roRES can ko
: lncrease& by the use of o suitable claoboration of tho asceciated
eireuﬂ,% (oee 129,130,131). '

In denigning ouch a gauge the condi ¢tions for

noxipun sensl¢ivity will be very cimiler %o thope cot out dy

._ Eraser_(ref.103; pp-??édb) oy the Pirani géugg.
| °Bnd cffoota® oo minimiced by mekimg the wiros, both

heater anﬂ thesmoceuple, a8 16Bg and ae finé ac poscibloc,

Thic ensupes thob hoe& 1@93@9 by gacocous con
Fhin. ritben like wiren, by ineronsed

auction predoninato

over netallic conduetion,

surfaoe éwéa, Tould inerenss thlg'temﬂeney even more (6.5,

".however. 131); Fine niekeilwibbon vhich eouild be uoed for .
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the heater was availeble, but there was 1ittle point in using
such a thin heater whon equelly thin material for the thermo-
couple was not available, The heater Waé therofore
'constrgcted from the finest available constantan wire
(a?proximate diameter 0.08 mm.), ahd the thermocouple of one
length of .this wire emd a lehgth of copper ﬁlre-of comparable
diame ter. Both types of Wi re wepre coated, the one with
cotton, the other with_lacquer; fhis insulation was carefully
scraped of? before assembly. | . :.
_ Heat loss by radiation must also be kept to a

| minimum, ‘Thie is aohieved firstly, by ulang wipes whieh
are as highly polished a8 possible and aecondly, by operating
at the lowest convenient temperature. The easa with which the
vapours are pyrolysed also plgces an upper 11m1$ on the emount
of heater eurrent AS ageinet- thie, if the wive temperature,
. for the lowest pressures, is not very great the maximum reading
on the thermocouple meter will not be euffieient %o allow of
adequa%e.sensltiv;ty in the pressure readings. In practice,
- since the wires wefe'fixed %qgethef with eoft solder (MP ~
- 200°C.), the heater ourrent was run at a velue which |

oxperience showed vas Juét insufficlent to melt the solder at
preasures lese than 10‘4 oR, Hg.
ent, the tomperature wWase corfespondingly

When'appreciable'pressures

of 1qalde ware‘pree

less. '_After one yeap's O operation there was no visible

‘evidence of Jodine liberaﬁion'hnaer these conditlions, The
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) oniy ,E'iete-r availaﬁle ﬁaﬂ an ﬁ.ﬂﬁ@f@al rosictanse of 186 (L
_"(-50 té-o to-+h50 pA.) A mé%er ™ th lovoyr rooistonce
'woulﬂ give ) elight inereass of Bensitivity. |
| Fho %emperature of the wvalls mugt bo ap lov a8
" poveible. Thot imdepsion in 1iquid nitrogen has on appreciable
offect was démdnptra%ed cith some of the cerlior trial modols
éuring calidbrotion puns with Ay, . However, this ie not
possible vhen oondeneible g£a6e8 are bolng uged., 1% was
found also that variations in room %emperaturo hod on
apnreoiable effsct on the vealing, Thio is due, mo doubt,
gartly %0 the effec% on %he temporatu?e gradient £rom wire te

'wall mentionea by Fraler, ané al@o %o tho 0f£f0o% on the viprtunl

cold Jnnetion of the thermocouple vhich would be oithor at tho

‘moter %terolnals or.at3the tung@ten secls leading iamto tho
vacuum. This effect ‘vas kept to a minimun in the f£incl model

- by surrounaing it with a vater Jaoket vhich wae in sorlos with

the @iffusion pump vober supply. The tungaten sogle for tho

: .tﬁermocouple 1eads were mounted in a re-ontyant o6al in order

| that they should be well within the body of tho geuge.

-. _ There is one finol point not montioned by Fracer
{e.t, 131) 81nce tho soneitive renge of the gouge. 80emg %o

-..be in thax prassure Fsgion whewe the mean f£ree path of the gas
.‘moleeules is rouchly of the order of ths wWiro to vall diotence,

an mttempt uns made to conetruct a gavZe vhere this diogtenes

uag a8 omall as poasible. "his ahould chift the scnolflve
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range to olightly highor pressures. ithin the 1inits

' éxﬁecte&’from the relatively minor aigferences in diametor

of the two ae'signs,- the variation was in the expected d@lraction.

~ 0f the dssigns trled, only tmo vere ab all

successful, ' The major feature of the firet weo thot 1% Pas

-¥fﬁopnte@ wifh_all four:tungsten seals ot the one end, These
"foufiwﬂree.waré afranged ét_the.gorp@rs of a oguare in the
well bf'a'ré-entrént aéél,affixeﬂ to'a B.ég glaso eone.

~ The .éea‘l protruded slightly below tho ond of the cone,  Fhe

' : weil vas fllied vith Everctt's vax, which sorved to protoet

the sesl e fgomfbreakage by holding the coppor leales fizmly,

.end at'ﬁhe'éémé tgme'was an “ingurence’ egainet tho developuent

of ereoks in tha~glaoa._:'The_tuﬁgeten wié@s vere in podps, ad
oprosite corners Of the-aqua§e. The tvo long ones, of 1 mm,
diameter for rlgidity, were held apaxrt ot the free end with a

.'glase-spaeer. Immedlately below this the hoater was coldorad.

The two'tﬁermocouple_wlree vers 60ldered ﬁo the short tungoten

wiree. . The :apbli'catibn of goft solder to tungsteom 18

: faoili%ated by prior application of o layer of silver nolder.

; connection to ‘$he vacuum pn/ita) made through the free ond ¢f the

_ oorresponding socket, whioh aerved oe tho outer wnll of the
 geuge.  Thio model hed $ho odventage that, chould the vires.

burn out or becone unsoldered 1% was o sinple matber %o
gep}ace them. - It.hed the dlaaﬂvantage that the vire to wall

| distance was relatively Iarge, and that the presenee of the
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'e'Joint neeeseitated the ﬁee of eome sealing compound, | It
wae found that blac; wax wes the least objectioneble provided
- that 1t vwas not permitted to extend pright up to the vacuun
.-a;de of the innt, ' Eyen.thie,_however, was capable of
:dbsorﬁing Quantities of the ?apour if the pressure werd
'allowed to rige too far. |

When experience had been acqnired in the oreration
of the gauge it was no longer necesaary to provide for the
 ' re-mounting'of the wires. in the Iater model, therefore, the
Tf;two pairs of . leads vere eealed in at opposite ends. - The
length of the wirea vas- at the seme. time 1noreaeed and the
- other 1mprovements already mentioned were 1ncorporated (see
fig.26).3 - o S .

' The gauges ‘were calibrated with alr egainst a
MeLeod gauge on the test apparatue (£1g.13), The trap was
kept cold %o prevent Mercury from rosching the test gection,
Pypical curves are ehowp in figure 8. Curve a is thet for
the £irst type, ourve ﬁl-for the later one,

| As Praser points out, however, the presponse of the
gauge should depend to a certaln extent on the molecular
welght and epecific heat of the gas.
root of the molecular weight, and it might

The expression involves

only the square

: therefbfe be expected that the effeet would not be largs.

o test this point by & further
uolng ethyl lodide, The

Neverthelesa 1t ves decided %

' celibration of the lecond model
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'vapour pwassure curve previously roferrsd %o was %aken fal:}
sufficiently aneura%e for thio purpose. ”he folleving
meltlng polnts vere also amsumad %o bs corrcet: Folucns
'(Analar gra&e), -95°¢. ; tri chlorethylene, -86%¢.; a-butyl
scetate, =76.8°0.; ohloroform, =63. 500. (Lange s Pandbook).’
. ¥ho .arrongement 1llustratod 4{n figure 9 was esealed
%o the “tost® vacuum 1ine (aee figur@s 13,22) Fhe tops were
.1uhrieateﬁ with silicone greans,
“he etbyi 104ide vag ectored over anhydrous mepaeoﬂum

I@ulphate, togethcr with a 11%%19 eliver powder, in vescel A.
1% vos ‘£rozen with 1iquid. ni%pogen ond the space cbove it wao-
punped until the Eauge shovod ngximun reading. Thon, with
tap ?1 cloeod, 1% was ollowed %o g01%. This procodurd Vo6
‘ repeatad until no more gas bubbloes formed on mel%lng. It vas
then asaumad to heve been out-gaased. |
o A cemi-frozen slush of toluene vas then proparad

'at thelpempewatupe thus defined (e95 6.), s%hyl 1odide hcs a

pressure df obout 1.6 . 1@'§m5an& i in the licuid state. It
ie th%refore aafé %c pump 1% continuously without rick of oay
l:great lose of maﬁerial. Thie was éone foy sovepal hours untll
- the gauge regched & aonatanﬁ reeding. 1% usc then acsumed
_ that the ethyl todide vns sensibly pure. Tith tep T closed

. the euhyl 108440 woas then transferped to vossel B. This vos

e-cntyrant well jus® wiae gncush %o

construoted with e ¥
Fhis vessel

:acacmmoéata eonfoptably o pentanc theymometor.
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was'thgg surrounded mth a-ﬁoluené siush bath, the tonc vers
shut, and the ?éntane}theraomeﬁer:was placed in tho well
tdgethar.wlth:a 1&%@1@ éthanél-to provide thornal Gontaot.

'A Beconélpentane ﬁheﬁaometeg was placed inm the toluene bath
'_01d39 t6 the outoide of the vessel, ond i%to height was
nﬂjns%eé so that the two thor@oﬁe%ar bulbs were opproXinntoly
aﬁ'the'éamo'levol;_ “?he bath ﬁas Gﬁirreé. A8 th@ toluone
'bath moracd up, the gaugo and the ¢wo theraome%era nero ¥ool
a% freqpent 1n%epvdls. '

o I% is well known thed pontane thermoneters ard no®
to be relied on fop any grent acouracy, neithor over an
appreoiablo tomperature ?ange.ngr:for the sane %empe?a%uso on
aiffefant days...1?o gqaﬁd oged nst thio tho toluene meléing
‘cugvé:wao not foliéweé for moye than about ten degroes above
' 1ts'mé1tlng point. The;%emperaSure at vhieh cceh thoroomebor
| remﬁined Gteaﬂy-fér several éeadings was cosumed e be the
trae m@l%ing point, (I% vas neesosory thet o loost part of
the tvo ng1lnte? chould overlep in $ime) The othor readinge

uere then coprecte& en this assunption.

?he same proeedure vag carricd out usging cooling
ba%ha ma&e with the other three compounds vhose molting points

were 119%@& above.,. ,
g As was %o be expeoted the tvo thernenetor recdingo

dsd not gluays tally, ovon vhen coproeted fop tho appropriote

oteady temperatures. E@r. even though tho %erperature chonged
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B on1y Blowly, 1t was quite- 11kely that the interior of the
well should lag behind the bath. It was assumed, however,
| that the "effeotive“ temperature of the ethyl iodide would
< le somewhare between the tvo measured limits., The gauge
“i'readinos at the actual sts ady teﬁperatures for the four
_‘cooling batho were tdken, however, to be definite fixed
' :points._ - '
; | " The pressuree eorresponding to all the recorded
| temperatupes were read off from the vepouyr pressure curve,
 and were plotted against the approprlate gauge reading,
Vhere the two presluwes for the one observation set differed,
- %he two points were Joined by'a Vertioal 1ine. $he
B calibration curva Was thea drawn as the 11ne of best £it whioh,
- at the same time paased thrOugh the four fixed points. The
- reeulting curve,=w1thqut g1l the separate points, is shown in
-'figura 8 (511)'-- The'érossee represent the four f£ixed points.

- Pne oireles 1llustrete the effect of & slight increase of a

few degreea 1n the water Jacket tamperature (curve by, alr
216°G.5 water 15.29C.; circles, 2l 199C., water 20.5°C.).

Reaction Unit
A nunber of points had to be considered in the design

of the source unit ror the bsam apparatus. The sodium, whioch
'should be in excess over the whole reaction zone, should not
'oondenee on the clit iteelf, but .on the walls immediately

*preceaing 1. = The reaction chamber should have the largest






p6891ble-auffage arog in o?deé to"ﬁingmiee.the denplity of
- the sédiuﬁ-iqaide'depoait, The alkyl lodide shoula.be
intrbduced at a Dbint 1mneﬂgatel§ opposite the'eliﬁ, and as
,néar to 1t as is consistont with other construotional
requifements. ' Provision must be mede for heatinp 1t, eond
for measuring its tempenature.' 8inoe thz vhole unit was

" inside the collimator chamber, 1% had %o be designed 6o that
BT éould be. ;emoved bleaned.'an& reniaééa vith the minimun

“of die%urbanoe %o the pest of the apparatus, Since the'
vacuum had to be iet down to atmospheric pressure each tiﬁa
_ tnia cleanlng procces Was necesﬂary,-some means had to bs

" devieed for distilling, end. atoring in vecus, the scdlun
_\'metal ond: for opening this sodium to the #6a0tion chambop
 :by remote control onee the vasuum had been rectorod,
The carly godium flame exp@rimen%e on the tost

vacuum 1line (pp.”gfzs) were earried out tith a reaet&on unit

‘of the design shoun in figupe 10a, The oapillary wae provided

between the 6odium chamber (lover) ond the reaction chacber in

~ ‘opder to inhibit back diffueion of the alkyl lodide into tho

';éodium.chgmbep duping op@ratloﬁ,: Por it wos thought tha®, if
:é,érﬁsfxbf'eodium jodide were fOrmed'bn tho surface of the
addium, the rate of evaporation would be eo much diminished -
-f,:that ipeufficient sedium would weaeh the peaction gone ab the

' normal operating temperatures (0.£,, however, p.ws).
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When . a'carrie? gas 10 pansea ovér fhe sodium, thio
-.caplllany serves its purpoae Verg well ﬂowévew' An thege
'experiments 12 wae found that, in. the gbeence of o oarrier gas,
~the greateet amount of dewosition ‘took place on the ond of the
capiliary vith the reeult that 1t eoon becone blecked. In
.later (horizontal) modelsn thie capll lavy wes omitted ol together.
| ¢ %he 0ma11 woll was olaoea in the sodium chamber €0
'that thermooouple (chwomel-alumel) could be placed elesa to
the sodium, ' '
_ - %he reaction unit used in the 1a$op trial cxporinonts
(p.39), ond in the nolocular beon apparaxua, wog of the form
_ 111uatrateﬂ 1n £igure 1@b. "he‘reac%ioh chndber was bléwn
oue %0 o roughly spherisal ehane, olightly fiattencd on tep.
”he alkyl iodide ontered via the enall bent tube whooe orifice
was placed @ircotly opposite the elit.-‘ The distonce fron this
‘point %o the 014¢ wae sbout 6 cm.'
_ ”ne extrome left haﬁd ‘ond was 1eft oponm until the

éodlﬁh éapmule ned been introduced.. It wes then sealed,
itaking cape o avoid heating the ocpsule as far 00 poscible,
The unit woe npot, therefors, annemled af%er thioc prosess,
- This onleeion did no% gubaequsntly prove %o bo delotorious,

Gonneotion %o the mlit syatenm was mnde by neand of aon

'.,Wextended“ B.ia cono thich £itted into @ ‘bross socket,

'attach@d to the sli¢ backinp by mecng of o netel bellows,
The joint ufals! 1zght1y greased with silicone, The glaes
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elengatlon senued, to a certain extent, to prevent the
redloals from eoming'into oontaot w1th the metal of the
bellows. At the eame time 1% protected the bellows from
" the condensing sodlum.

Since ‘the heating element wase 1neide the vacuum
chamber, none of the usual typee of 1neu1ation could be used.
A coil of etout %Eanthal? wire wae finally employed. Thie
wire, epproximately 1 mm, diemeter, was sufficiently rigid to
euppoft its own weight when.hot. “The.coite vere arrenged’eo
that they were closest together at the sodium chamber end,
and opened out slightly towards the elit. " This ensured that
the temperature was gfeateet nt_the sodium eapeule, where it
was needed to'produce a'geod supply of vepour, end at the same
.time it prevented the slit from becomlng too hot, The
reaction zone temperature wae high enough to prevent the
depoeition of sodium in that region.' Most of the sodium
deposited on the cone end 1te'entenelon. The heater
resistance wes 5.9 L (cold). Gurrent'was drawn from the 50 V,
.'A.G. eupply, and controlled with a high watt "step” variable
reeietance. ‘Maximum ourrent ueed wes Just undexr 4 amp.

At the temperatures thus attained the walls of the
- godium chamber quite rapidly beoame brown, probably by reaction
wlth the hot sodium vapour. This phenomenon was observed 1in

" all lodium flame experimente whenever the temperature

'approached 400°0. for any length of time., Then the coloration
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was rémbved by prolonged soaking in water or ethanol, visible
signs of attack on the glaééhcould'ﬁé observed,
 Phe donstrictidn'betweeﬁ the reaction and sodium

chambe rs eerved ae an anchorage site for the thermocouple,
which was strapped into plaoe with a length of fine borated
o copper,wire, ' The thermocpuple, the_wire strap, and the
heater leads, wgre all threaded through glass sleeving to
fensure that no accidental contacts took place. The junction
'1qfithe thermoooup1e was not at the hottest part of the furnace
'(seé above). The- aodium pressures eatimated from the
recorded temperaturesare therefore likely to be low, This
t_wguld only prove important, however, if quentitative measure-

menté.were to be uhdertgken. For qualitative experiments,
: suéh gé-those undertaken 1n'th1q-wo£k up to the present, it

is profébly sufficlent to adjust the alkyl halide pressure %o
the desired amount snd theh to adjust the sodium furnace
current until the reeonance glow pereists. The thermocouple
is then needed only as & guide to the temperature attained. ]

. _ The whole unlt wes, in the beam apparatus, surrounded
with a glaes shield. This was constructed from tubing of
- suffiocient diemeter to encoﬁpass the heater wire. A glot
g was fpulled” along the underside so that 1t could be slid well
forward over the 1odide ‘lead. . Shield and reaction unit were
adjusted to be roughly co-axial by means of three supporting
"feot?, Two were poked into the top of the slit end of the
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o considerable evolution of gas.

'ahiéid;_and'rested on the £lattened fo? of the reaction

fchauber;. . The thirﬂ. at the bottom of the oppocite end,

©ao sheped %o £i% over the l0dide lead.at that point. Thio

| shield sorved, td some'eztent,_to'cohgehtrate the heat fron
" the coll on to the unit.

| Sodium Purifieation _
When it vas to be used for reaetions on tho %ea%

epparatun, the codium was dlstilled @rectly into tho chamber
'Qccprding'to thé folloéing procéduré: A piece of glagco tubing
vas ehaped,'aé}illustratea in fignre 11a, into g sericc of
fairly'thlck-ﬁalled bulbs oeparated by ®genl off® constrictions,
The last constyriction waﬁ”aéaied to the yeaction cheinber., A%
| %Q@ otﬁer énd gbout 6 om, of the_or;ginai tublng wae 1e£%
unalterea | | |
__' _ . Lump sodium was cub 1nto smali piceces and melted
'under Bo111ng toluene. - This removed the outer 7skin® of tho
godium, snd lef% it as foirly clean spheres, Uhen the toluene
. had eoéled it ‘'was poured off, the sodiﬁm was washed sevoral
times mth small duantitics of petvoleum ether (Lov-boiling
fraetion), dried roughly with fllter popor, end tronsferped to

the, open en& of ‘the glass clde ar@. This wao then oealed off

-and pumped out,
The sodium Ues thon . gently heated w7ith the hand

$opeh, using a luminows gas £leme, - ‘A8 1% melted there vas

Fhis probably ecne fron teaces
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:_oflthe #ertouejeclvehte'Wh&oh hadebeen in contact with the
'eodigmoend.had not been completely vemoved bj'tﬁe filter
'peperu : This explanation wee supported by the formation of
_ black depooite, ehich could be cerbon and other decomposition
"products, on the walls of the eection 1nto which the sodium
,'wae firet 1ntroduced. |

. | - Theee deposits were vielble before the development
of the brown coloratlon referred to above, and were clearly
dietingulehable from 1%, When thie initial heating was not
‘ ,'carr1ea out very gently the eodium was often forcibly ¢ jeoted
fﬁ along the chain of bulbs 1nto the sodium ohamber. 1t was
also necessary to take care that the constrictions ahead of the
: heated zone were not blocked by condeneing sodium. As each
bulb wae cleared of eodium, it wae sealed off and removed.

8ince this was . a very time coneuming opewation,

'alternative methode of dletillatlon wepe tpied, WNone was

entlrely satiefactorw. Perhape the best was to replace the

ohain of bulbo by & vepticel pot. Near the bottom of this

2 eide arn wee attached, via a seal-off conotriction, and

| arranged so that it eloped elightly down towards the pot.

. The sodiunm, cleaned as befowe, was pleced in this side arm,

vhen melted 4% rolled dotm 1nto the pot, end the slde arm

Dietilletion into the eodium chamber was carried
ed off and

" was removed.
- out by electr&cal heating of the pot, which was seal

'bemoved when sufficient quantity of sodium had been removed.



:-"his prcceas took place much more smoothly, but 1% took
ather longer and it was still necessary to keep a constant
Watoh on the constriction to make sure 1t did not become
- blocked, | when this occurred, 1t vas cleared by gentle
-heating with a fine gas flame. o
) - Vhen required for use in the bean anparatus, clean
.;sodium wae distilled inte a elightly modified version of a
Jldevice_describedzby Shebwood_(132), ~ Yhis consisted (fig.1lb)
~'b£_atsma11 Devar sheped vessel, épproximaﬁely 4 cn, 1n length
-end 2 om, outsidé dlemeter, té which two connecting tubes were
attaohed by meanl of eeal off constrictiona. One was
 ‘attaohed %o the end vhere the "nipple" is usually found on a
Dewar flesk the other was attached to the rim of the Dewar
seal. _ ' o
A short length of dupaiﬁmin rod was turned down on
‘the 1axhe, fipst %o & diameter which was Just too large to £it
in the we11 of the capsule, end then it was given a very slight
:taper. A "head“ of rather larger diamater was 1eft at the
thicker.end This provided a cylindrical surface which oould
be held flrmly 4n the lathe for the "finishing" operations,

gnd gleo prOVed useful as a finger hold during the final

manipulations in the laboratory. A-hole was drilled down the

'oentre to provide an exit rpath for woter and carborundum during

J':the grinding, end for alr during sdbseQuent evacuation. This

}"tapered plug was then ground into the well of the capsule with
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-fine-ceberundum until'its-tip-Juat staeted to mark the
bottom, The,cerborundum.was then thorcughly washed out,
If, on df&ing, the plug did not'fit tightly'into the well, a
| smelllemoﬁnt was renoved from ite tip on the iathe.

_ The capsule was then attached to the auxiliary
‘vacuum syetem (figs.13, 22) by one 1ead usually at the Dewar
geal end,.and_to the other end.was_attached one or other of

the eodium diatiiiaticn syetees already described. When

" - gufficient sodium hed collected in the capluie it was sealed

off and stored for subsequent use.
‘When 1t was desipred to start an experiment, the

"godium fnrnece" was heated.. ' Because of.ite high expansion
coefficient the duralumin ueually gucceeded in cracking the
capsule at some tempsrature between 100 end 2oo°c.. as
intended. In triel experiments_with.empty ‘eepsules this worked
very well, and the eapsule eac'ccmpletely ehettered. then 1t \
contained eodium, hcwever (usually to not more than one third
of its length), it did not ehatter quite 80 we11 The initiel

" oracks. appeared on the vell atb- the expected temperature, but
,. they did not epread very well tc the outside, If the
- temperature was rolced sufficiently, hovevaer, o otrong
resonance glow ‘eventuslly £illed the reaction chamber. One

poesibie explanation for thﬁs 18 that these copsules had been

%00 well snnealed afteér menufacture. It hed been found that

'a lapge number de#eioped smell opacks during the grinding
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proeeee; and go they were annealed by electricel héating inm
an attempt“tofeut down the wastage of effort. It seenms
probable'thet,a certain reelduei streiﬁ in the glass 18
desirable, R - .

In the course of eXperimente“on'the main apparatus

"'-1t wase necessary %o let the vacuum do¥mn every time a target

" ohamber (see £ig.

. whereby'the'alkyl 08

was changed. 51nce oontaet with ordinary danp alpr would
very dulekly cause the cracks 1n the capsule to block up,
_“epecial“ nitrogen, oxygen free, was alwaye used to £ill the
.\'apparatue to atmospheric pressure onoe the capsule had been
'Jbroken.': This wae a slow process but was well worth while

in that it permitted the use of the one oapeule for several

I‘uns .

: Pregaration and Storgge of Alkgl Yodide Samplee

- A glass 'tep greased with silicone wae the only means
of 1eo1at;ng the storage eection, which tneluded the low

temperature'thermoetét ¢rom the rost of tho eource. Bscause

the only pumping path wase through the g14t into the collimator

24), evacuation of the wholse eource section

' was a'elow orooeee, eepeeially.when glase.blowing had recently

”been earried out, _
It was therefore deelrable to provide some arrangemnent

i ide eould be sealed on to the supply line,
| and kept isolated while the rest of the apparatul was being

~ pumped dovmn, A glass "bresk seal’ wae the most convenient
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- method of'atfaining'ﬁhi@-objecﬁive.,w Furthermore, tho |
,ltorage side of thig sesl ahould also be ovacuated, so that
2no rush of air takea plaoe vhon the iodide 18 admitted %o
_the . apparatus. S . '

. _ This vas conveniently achieved on the auxﬁllar&
'vecuﬁm line.- 5 ser&es of %raps (fig 12) wae set up, vith a
eonnection at each end to the vacuum 1ine, each connoction

containing o glass $oo (%o, 73). ﬁhese tope were- lubricatod

- with-“eugar“ grea@e in earlicr operations, with silicono in

1ater onea. ' LPDD A une the e%orage vesgsl for the sye%em,
and wae ieolated f£rom %he west by, tap Ty, lubrieated in ¢he

. game_manner ae the others., Trap D was the final stcpege_

| véeéél;:' Atta@hed'tcuiés.eide érm'was o brenk-seel unit, and
both'tubes.eonhéotlng it to the regt"bf the apparatug werse

mrovided vith seal off conotrloiions, Thls vessel Uns some-

times of the type lhown, cnﬂ sometimec of the “e1l® type vhen

the. use of a pentane thermsmater was 1ntended (se8 £33.9).

-'some pilver poWﬂer, to toke up any froe iodine formod, ond come

r,aehydrating agent, formerly calcium metal, lator anhydrous

.'magnesium sulphate, wore nlaead 1n the bottom of each trap.

1t was founa to be adviaable %o place sore sharp bende bdtusen

taps and traps-when the latter aehydrating egont vas uaeﬂ a0

‘4t 18 very'finely a1vided ond onds %o £1y sbout oo the laot

traces of 11qu1d evagorate £rom 1%. When o thernocoupls

-gang@ was availabie it attachea 1n the position chotm., A8
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in all other operetione, the'"pump section® (fig.l3) was
separated fyom the "fest eection“ by eooling the neln trap
with llquld nitrogen.
' The methyl end ethyl 1od&ﬂe gsamples used in thie
work were obtained from Mr.H.G.Sutton, vho had purified them
by distillation vhen working in this laboratory.  After
: purlfioation theJ had boen plaeed 1n blackened glass bottles
ond etorea in a dark eupboard
_ The 11Qu1d eample was 1ntroaueed down the central.
tube of,trap A by means of a funnel. This wae then just
frozen with liquid nitrogon, the tube wvae sealed, and the alr
pumped out Fhe. samp‘l.e wan then outgaeeed by alternate
.freezing with Ty open, Tarming with Tl shut (c.f. p.85 ).
Then trep B was cooled, and sufficient liqnld for one charge
waeJtrene:erred £rom A, Ty was eubeequentiy kept shut. The
aampie'was then trensfeprred from trap to trap a number of times,
Tape'Ta end Ty vere operated so tﬁet the dlpeotion of pumping
was always the same a8 the di rection of tranefer. Thus theye
was aIWaye a trop at 1iquid nltrogen temperature betweon the
liquld and the mein $rap. - This progoss was continued until
-the NoLeod gouge indicated that a latisfaetory preeeure ( <102
" pm.Hg,.) hed been atteined The 1iquid was then finally
.traneferred to D, which was eealed of £, removed and etored
This procees was probably not really adequante %o

remove'ethane (a pqssible deoomposition product). For immedinte
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-purposes this was not, however, eo veny 1moortant ns long as

oxygen was removed. For more recent samples of ethyl lodide,
" the method of oontinuous pumping at -9500. (p.85 ) was

.-femployed. - Fhe 1ow tenperature thermostax would be well

- eulted for such operations. .

- The free end of the- break'leal could then be

| attached %o the eouree supply 1ine on the maln apparatus

(fig. 26) Then, when the. 1odide vas needed, the low

temperature thewmostat was adjusted and the eeptum broken
with steel bails plaeed in a side arm in %he line during

assembly. During *ghut down" periode the-lsolatlng tap was

cloaed and the’ 1iqu1d vas returned to the - original etorage
veesel dhich was kept cool with 11qu1d nitrogen.
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CHAPTER IV. ' EXPERIMENTAL.
RADICAL DETECTION

In all molecular beam Uork great attention must

'=:be paid to the choice of detector, for, as has beon shown

' é'.in chapter 11, the 1ntenelt1ee ‘encountered are small. A

- number of techniques has been used for this purpose, and

e the more recent onee are veny satiefactory for most types

".‘of beam. - None, however, with perhapa one exception, is

. ._reaction (e.q. PEMeB, PbMe

-,euitable for the detection ‘of a beam of radioals.,
| The mano-etric devicee can be rejected immediately,
'-for they can measure’ only the total intensity arising from
'5e11 typee of molecule.-. Even 1f carrier gas 1s not used,
-the radicale will be eceompanled by their decomposition or
..treacticn products. The concentratione of these ocan, 1n
gome circumstances, be coneiderebly greater than the
Lconcentrations of the radioals themselves (61). lloreover,
i:unless the conditicne in the reaction chamber arc chosen
':.prOperly, there may_aleo be preeent either the starting
"_ materiei 1tself or one of the producte of its incomplete
Pblie from the pyrolysis of

2'
'PbMe (61)). Thus, even 1f the methyle were deflected

Y en 1nho-ogeneoue field, " the deflection could remain

ndeteeted by one of thele devicee because of the lovw

- pr0portion of radicale in the beam. Or, if some of the
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otherjconstituents also possess a moment, the defleotion of

" these could also mask the redical effect.

_ From thele considerations it 1s apparent that the
ohoaen detector must react: ltrongly to radicals, and as
~ 1ittle as possible to all other molecular typea.

It may be possible,. under some - circumstanoea, to

. use a devlce which depends for its action on the relatively

B low 1onlaation potentials of the radicals (e. f chapter I).
-Some sudh device may yet prove to be the best for quantitative
.radical beam 1ntensity measurements.-

o } ”he bolometric type of devlce also, has been

~ mentionsd (see p. 13 ). It is understood that this method

": has been tried and found to be 1nsufficient1y seneitive for

the radlcal concentrations enoountered (50 b) It might,

however, be useful 1f more Antense sources can be achieved.
. then this 1nvest1gation vae being planned, it was
'fconsidered that the best chance of success lay in the chotce

| _ of a detector whioh relied on some specific chemical property
-'€of'the'rédlcala, vith preference for a ﬁethod vhich could
i eventuélly be mage quantitatlve_lnlits action. The first

methods_considéred 1nv61ved tﬁé applioation_of their weil-_

;known property of attacking metéiiio mirrors.  Such methods

f'ha#e two'viftués for the present purpose. Firstly, they

-will detect nothing but radicals, and sgcondly, if a radionotive

T

'mirror 19 used the senlltivity would seem to be’ governed
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.ultimately by. the speeifie activiuy, or 1sot0pie purity, of .
'7the metallio deposit.
A numerical example 1s 1nstrue%2ve.

. In a oploulation in chapter IX (p. 37) 1t vas
cstimated that the beam intensity at the detestor night be
~of theﬂb:der of 1014 moleculo on™2 gec=) for a source pressure
P =Ilo'1_mm.ﬁg. The_radical'concenératioa in the source
vould ﬁrobah&y am@unt to only one téhth_of this under the
mooet faVourable conditions, Say I, =103 molceule om™2.
“gac~t, L
| Guppose, nou, the target to be a thin vire, 5 om..
| 1omg and O 2 na, diameter, and 1y1ng parallel to the siits.

_The surface presented to the begm will then be 19 =3 om?,
‘Thus the number of molécules arriving.a% this surface per
| sepond_will ve 10%° noleculs seo™l,
| 12 the wire can be coated Ui%h 1sotoploally pure
RaE' (210 B1), tho radicals would combine vAth this to form
BiMeg.  Thus a boan of this intenaisy would be capable of
:éemovlng 3.109 atoms of bismuth per oecond.
| New suppose the activity of the wire, immediately
;aftér it had been coated, was 4009-0/5.- If ve ascune a
oéuntiﬁg efficiency of one in tweive (p?obably too high),
this givee a figure of 800 disintcgratlona per geoond,
=oc_///dz‘ " in the decay equmtionc -ZE s=1N,
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, where /A, 1g the number of atoms present at zero
 time t=-. N '
" ‘Phe half 1ife, 7 , of RaE 1s 5.0 day (133), 1.e. 4.32. 105 seoc,

Thue, slnee A, the decay constant, = .693/¢ , ve obtain that
'A/ = 5. 108 atoms (of Bi) on the wire,

Thua 8 beam_of the assumed intensity should be
'capable, under 1dea1 oconditions, of removing such a deposit
' 1n about 10~ -1 second and not much longer than fifteen minut es
shoul& be taken to remove all this activity by a beam with an
: 1ntensity as lovw as 109 molecule om.™ gec.™l.
It is not . neoessary that all the activity be removed.
- The radical beam intensity can gqually vell be estimated by
'tolloyiné thé.degreaaezin activity over a period of time. 7his
'bhdﬁldlmake it possible t0'mea§ure even smaller intensities, and
the 1imit of detection could be lovered furthor still by the use
of a m.o.r.e active t.grge't‘.' ~ Beoause of thelr high reactivity, the
_“background“ qohcentratlon:of scattered radicals should be -
| 'negligible. _ | |
' The detectable intensity thus calculated vill be a

e lower 1imit, for it 18 not at all certain that the RaE coating

3w111,be absolutely uncontaminated by 1naot1ve bismuth, although
41t should be poseible to make it'suﬁetantially 8o,
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Thds. émmple 11lustratos ono possible mothed of

B u%ilis;ny_g_ tho pAyror toshnigque fé_x‘* -'beam doteotion vhieh k2o Dochn

considereG, - o mgem'aﬁtmeﬁi@n'af this mothod lag 4 tho

?stiéﬂity of 188 use f@'?‘ ploﬁ:_ing tho bsan peckeshnpo, I8

_' this pmﬁed. goagdble 1% vowld furnioh o menns of cotinnting

‘ho aipole mmem; by tho ptondard pmeeaure outlined in

9haptez° II. ‘

| _ A aetoef;m' awanr’ment d@as.gmed for thip purpesne
m.ll be aeuombea an th@ noxt chaptor. 1% conosists of 0ono

nechs f@x“ tmveming ?;h@ £ine vire aﬂmss %he beon 4n enodl

6%eps, and an fand«wind@w counter plocod inside the vacuv:3

- behing $ho vire, cnd porpondicular to tho dircotien of o

- beozle ' -I% 48 oloar thad 1% 4g meoeocary to use o A 0% J

26%4vo is0topo.’ I2 ¢ho vizo is smnll chough Ats a‘bcamﬁﬂ.@n

of the y rays vill Be emall . Timg 4% should mot matGor

that the suxﬁ’ace £yon vhich the activity is balng Fanoved 4o

- on the faxa slde of the w&z?e from tho cOuntor,

Ik 18 neaessary, moUever, to Onguro by PrOvAGUs

| e?périment that, sufficlent cotivity ecn bo deposited on cuok

o Uire, ana that this cctivity can bo romaved by tho actlon @f'

rodloals, Moreever the rate of romoval rust bo propertvlonnl

to the md&cal intonocity, Ths ciesa.ma relationchip 46 of Ghe

gomm < ANyr = -4 , vhero 4 4o o conptant for (o

the défséct_or, W %ho mnbor of deteotor atons ag tdme Z cnd A

tho mdioal Antonsdty. VN pay coﬁvemenﬂy b3 rép&ésenﬁoa
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**; the me'amad cotivity of the gatrotor, suitedly corx .
L4 ‘ahe natuml decay rrte of the i-o%ope ugsed. In the
*‘":":.o"ﬁng pages the measuz'ea. act:l.v.'l. ty at time ¢ s ropYI. i Tad
", the symt:ol A, end B is used for the aotivity -hich %l
aeineter *mu:w have had m removel by radicals hnd osoiinad,
| Tor ony time £ after the Anitid count (A=A, of £-0), -aa
ok tie (%A, ) % may ve 7oadl off fyon a semi-log. tlot n: the
ahaay cu:'ve aalcul» ted Irom the accmwterl fipure for the i1 A
1178 of the icotope (133). E‘mm this, 7 pay be obtainef, .nd

 the cormected notivity 4= royresented by the ratio (Als) % .

ﬂms tho (’et*cto i o471 heyo the desired oharaci: : .. .ties
F EANE -trn.zght nm is o' 2t ined vhen Y5 4a plotted as . -iotion
of. © , for contont L ; A Af the slope 4s rroportion » i 7.
Iz ‘ahene conditions ore < ‘ba.sﬁed, it would be necessaxy - ake

s Dy or at nmost three, ‘,ctivity nezcursments for each gati’.i; of
' m" ~iPe as it 13 traverie? soross the “em. Then the Y 4
tha "‘/B — ¢ eurve mey te teken to vepresent tho ntensii, ana

oAy e pIotted sgoinet thr' wire yosition to give the wel: une
" o& the heanm, . |
_ Anothor msai‘ble mrnc tion of the mirror troii.. e
©  oleo considered. Tn this, which beas o olone Teser - noe
% the omznal moleuuzcr “egm tar;et teohnicues, tho o
| nizwor As Ceposited on « flot surface which may be eithr: . .otal
-7 6@ lasse  This is then *1a0ed mithin the cpporatus in

| u' uxd, tardet mu&tinn - i. T nex-pnnﬂioulur to the Hran Ji-o:dlon,
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: um 4t has been éxpoud to the beam for a time whieh it is
estinated will be ic_mg' enough for almost complete removal of
the astivity from the ares impinged om by the beam, the plate
48 rnm'aa. from the apparatus and an.autoradiograph is
prepared. In the 1deal oase, the presult will be a "negative®
" Smage of the bou, with a mininum ot blaokening on the photo-
gmphu plate whnn the yadioal mt-nmy at the target was
greatest. This nethod is, in the ﬂ.rst instance, purely
_ qualaianyg in nature, although it uight prove possible to

.. obtain at least semi-quantitative results with a miore-

. densitometrie ssamuing of the rhotographis imge. It has

‘the advantage in prineiple that it should be possibtle to fomm
- geveral ;Mc, alightly displaced from eash other on the one

| target, befors the phetographie éxpomn. ma 4s of Aimpoxrtance

_ whcn %he apparatus has to be mxt dou, and air let in, c2oh time
a mt is ehanaad. | |

| Should 4% bappen, hcuvor. tbnt surface nigration Sakes

plage to_ any aprreoiable extent on the target at the temporatwre
at shioh it s maintained, the method would be useless, This
‘migration could be either of the original astive deposi¥, of the

o raumi thﬂoélus. or of the garual produsts of ths z"a_aouou.

It wowld appear that migration of blmwth is not very grect a$
yoon temperature. . It might seem, h:mnr. tbat formation of
the final promn would 1m1vo a cemu amovat of ngmmn
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H‘: some stage of the re ctlon -4th fche rrdieals, For ©UL
~ =oseon the method wmuld ':enfa;izzm exhnustive teating oefor:
--oonfméne_é coul? be placsi in thp Tesults 4t yinlded
in cont_mét i'.’i.fh the vire mthod, ap A ~u0live
i:ntope 48 th be preferre” in tils mothod, in order th t .o
dongldty édstribution An the zhotogranh may correspond =ic -Lhzely
s rossible to the Mtansify' astritution in the Pemm (o o 34),
Thr nost obvious clnles for t‘ﬁ.t Tusrose i Yhe thovon culr2
‘«:;f?ﬂﬂi‘ba -
~ Soma preliminiyy r*:rreﬂmenta on toth of thesc . .-dures
..... 3 Gesorited in the folloving pagea. Neither ig, in 1% -empent
o, ontirely satisfootory. o |
. Some exyeriments on the us» of o molybdemm o:k o
de- osit 911) slso he desorided, and a report is olso nade o3
.. cingle trdnl of 2 new method suggested Ly Mr.GeReHartic.
If 3t ehould prove rossible to make 4t suffloi-nily
.ee"xﬂlttve, thi.s latter taohnliue hns interesting PORSLLIL. <ol
14 :xhoum be insensitive to the preconce of traces of © & haple
nr‘rgan - an advantage vhdch 45 10t chared by mirrors o 1 ~ or
,‘ia mtho and should be quxtable for ths vire teohninue,
| Zodine rescts vory rapidly with 21kyl radiocals (17,
~ ond 48 therefore o uceful fetootor “or them, partioul-rl; I a
w-loaotivo isotope (e.o, 13 3 T=8 qay) is enployade
Li/ovor, because it 48 £o volatile, it is not convenirnti
# ijoatle to beam deteotion. Its use might be nossiii-,

¢
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"TABLE II

T R ' -ﬁg, at 2596, in'Kcél/mole A H, reaction
| Radlcal |- _ e e Koa1/mol
e - s : . ' Koal/mole
fe) * %8%(a) > Bl(g) * 28]
Gy | 32.0-1491 = 49 ¢ 0 | <1219
Gy | 2201491 = <1+ O =8 (approz)|

" The value for ethyl 19&1&9 19 not eertain, as only

'= that for the:laquiﬂ (=7 4 Kcal/hole) 19 listed in the literature

(136, 137). From 1ts heat of vaporication at 72 3%

(7.15 Keal/mole), and by analogy with methyl ledids, for vhish
values for both atates are lﬂated it is assumed that the valuo
- used 19 correct to vithin one or two kilocalories.

_closgly agreaing valuese for methyl radical are given
in refsgia (32.0 Kégl/ﬁoie, calculated) and 43 (32.5 Koal/mole,
from.eXperiment),' Those for eﬁh&l differ rather more, being

725.2 Keai/éolei(ref.a,-eaioﬁlated)'and &ppéoximately 22 Keal/
mole (ref.135, from experiment) The lees faveurable value
s used here. ' |

- ”he other values were obtained from references 136

:.'and 137
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2530 mﬁi@rﬁlo. . BugRieions ﬁ.ﬁaf@m“é@a 40 moU avedlabllo Lo
. f;.:z" m‘l@mlaﬁi@n 02 $ha hont of tho ronetion
R ¢ Mg — By e Ay
Ulcro R 40 04%hor qthyd er nothyl.
Fho ealewlatlons axg procented da todlo I,
_ ”irms it could coca that teth wadieclo Ao RARORT G0
m«@@ ith oilvor g@aim. og %ho 7% rocgtions, ng of othy
ey Pty ‘ahe POR0 £OVOUsObLO. |
; Jammm f:;:\@m fmwmyﬂs

_ m B50% praviouc f\*apiﬂ.@am@m of the nirror toolmiing
‘Em:: &eﬁ@a‘t‘:@m mo’i:@l hag uocm Acpoadtod en o flnoo oF 0A%den
' c@ﬂa@e cRne. hao, ROFCOVOR, LR pz’ooon“a m ULl el ont QUi Gy
o Lo FOndily vigible. In the mﬁx‘:@a RO propedod thd eHiAtiens
o5 vory &ﬂﬁ@mt, ns o mp%o:? o“i‘s@noﬂ,@m 0f $ho meoriesy
&‘I}Jl@ (10., 102} .c533 chow. |
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R ”ha t@tal aurfa@o area of tho vire is of %ho erfcr
Y 3.10"'2 em.g.' On this thom arg 5.2!,()8 atong of 20p,

- Thug the area ot suxfaoo “@e@upied“ by eaeh atom 10 G,30-1%
'@n.z, 1.0 6s 105 Aa © 'fho oreg eeverea by a oingle aten
of neutml basmuth (r- 1646 A )88 6.7 A2, Tae sudioos
_ nun‘bar @f atons noeded t@ form o haroly discernible tRGo in
- _at@mie baem e:a:pezﬁmentm itk motels {ez, 106) Gorrospords o

o closely paeked aeposi% of %w atoms avornge thielmoss.

N0 Average inaetﬁe élirmé used for' roddeal detoefion Al

_usuaﬂ.ij' contain ovem moro atens per umlt arcn.

| s uas noeeésérm therefors, te oar'ry eut - £ero

ememnents %o’ d@temine whe%her ‘sueh o Sp&s so depooit s:ouL,@
41 foc®, Yo romovod: fmm metallﬂ.@ BUrPace by radieals, A
' th@ same timg thia mmsmgation Loets) oi’ value in that 4%
pmv.‘l.decl an eppormmw to aﬂ.n som@ ozpemonee in ths prol luom.gn
" of mﬂ;cala as well ag thoir deteetioa, end oloe of genorod
eporating 'edndiﬁi@né, such as thoso Foquired for the vocuun
handli_ﬁg bf'oz;gani,é vap@uré. It hne alpendy beon ockhomm in
the previous éhapﬁer that specidl conditions arose in ¢hio lost
comﬁestﬁn, for %he conventional ﬁype of peroury ocut~off conftrel
“could not be used in tho final armngoment.
|  Bince 21051 uan reesdily availablo £ron “s‘!;alo“ i) !
-o'apeuleg_,, and incetive bilsmuth bas eften boen nscd im the noos
Zor radlcal dotootion, 1% vae deéai.aed to earry out the Linnd
exporiments vith this magordol, 210p (Rap) 40 disoelvod, with

/09 R




- glice gontained some ehareoal, and worc cbout omo Shiwd LUl

- goteuay Depoarntion of the moveury L£ron the lond, SRS QIHCURY

sene. ézﬁlm*y loéﬂ chlopidc ap GorFicw, in 6ilugo (0e27)
&ajamohlozﬁ@ ae&d‘ Tho' aé.ughteé clonont 20ps a3 oG LaS0
in. this calmmon. and 13 havo ro ehod 755 0f 4to nosdrsn
-aamecnmts.@n Uithm Gen a:m of tho z\mriﬁmm@a 0f e Loode
Fho im%p@ pREisy of thio oﬂ.mﬁh rﬂ.il acpond @nly on U coound
K @f bﬂ;czmuth inpurity z,xa tho a&ﬂoﬁ leaa @wziox'.
X2 a picce of elcom niekod 40 Shem 4DR0P0OR AR VL)
| ﬁ@lmién,_ 1% hng boecn found (133. pe.230; 138 p.52) that 0 Nasgoe
.w@:{azﬁ@a 0% tho .Yaﬂ.&:m{?;h w1l aep@ﬁ;i%'elactr@@hom&@aliy on <Che
| esoi, vhoroas dhe loa@ 85 als:@s?; oR elumively logt am G
c@luﬁﬂ.an. _ ”ho pmson@@ 0f the carglor lead oncuros Shng, il
any of th@ loa.él irs aop@eii,oﬂ, ‘Bho cn@nm; of Rap vai} Lo

S mlﬂﬁively smll. -

Tho S6UTGO- @f 28] w:.a 0 enedY glooo gopoulos
@B?;am@a gron Tpoluich Um,@h hﬂd, $0dve montho PROVAOUIRY,
gontoinod 1020 ne and 980 &g of ma@a, roopoaivoly, W0y

0% moTOUXy. X% tno ROGCOCOFY to 0arry eud o prolimdnasy

Ve cold (:!.39). to imtorfere with tho osnodds depocition of 0.
: ‘.’Em_pé@_eoéum io .fm_eﬁh@z* e@mﬁlieateq by the noecnodty for

diﬂ&@ivm ﬁh@,ch&avécai, éﬁzﬂ the Blao0 4%ocl, in oxdoR T,

| cnsure tho highoot poscdblo aetivity in tho £inal colublons

E% nas found that o concidorabilo proportion of $ho cotdviyy
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Uas retained by'the'- glago 42 1% verc merely ground up ond
- Llooched with o boiling mizture of comecntrated nitEie ond

| perehloris. neids.

o

10

Tho proceduro uoed was as follous:

Tho oapsules wero ground %o o £ime povder im O
nertay, and wvnchoed into a omnl)l baaker. Fho

- grinding mng corsled out im o Pporspex? Aquod

box.

Goncentrated nitRie acid, and song conecntratod
porchlorie acdd, vere added, and tho solufionr
was pimrored Lo scoveral days until Al $ho

© ehareeal Md disoppeered.

5

Akout 50 mg. Aunlar quality 1oad aitratc me
then addod and, ofter sono further hogting, o
solution uns dlluted and L£iltered. Tho filtrato

ns 8ot aoldg, a.i_"aez_r_ £irst evoperating it ¢ o

oinall volwao, |

 The poaexo8, é;la@s-, uhich was still vory cetivo,

vag tromsforrod %0 o platinum orueible, colid

onneniuwn £luerido vas added, cnd the cruciblo

vos hoated, gently ot £irst, until 21l the
anrsniun £luorlde had sublimed. This process

~ uas carricd ou¥ three timo_a.

5 _
o .-_ -tines vith econcontrated porchleric acid to ocmcure

Tho recidue was thon fumed to dryness govoral
comploto romeval of £iuoride, & orystal of lead

ndtrato was edded, and tho ratericl vas trarsCorrod
%o o silion evaporating dish, It was thom Quwmcd

to drymess soveral times uith conocentratod nitric

- asid, and £inally diseolved in a omall quan#dty of

uater,

The two frootiens (3 and 5) wors then transforrod
%o a contrifuge tube, and tho lead presipitatod

Tith o for drops of diluto sulphmrio ocid. This
was centrifugod inmedlately end %he nother-Yicuor

‘drained off. By this mooms most of the nleh e g

vas separated fron the leade

-l= -



-Sacﬁon
(3 figs. I4,21)




7« ‘The lead sulphate, after vashing, was aiseolved im
- @ strong acid selution of coronium nitrate 'foruecd
by mizing concontrated cmnonium hydroxide vith
exoogs of coneontrated nitric acid, Solutien vas
rather slow. At this stngo a test tas nndo, tith
& clean copper rod, for tho presence 0f nexcuxry.
8. Tho concentration was them adjusted te give a 15p)
nitrie acld solution, and the lead was colloctad.
on a platinun otrip by elostrolytic deopooition og

- PO, (2V, about 0.2 amp, of. ref. 139). .

"9, This doposit uns dissolved in dllute nitric acid
by the addition of a fov drops of hydrogen pozozide

- golution, The resulting solution vas cvaporasvod o

. dryness, ond comverted to chloride by repectod
_ evapora%ion to dryness ef 5K hydrochloric acid,

10, Finally, cufficiont 0,2 hydrochloris acid was cdded
" %6 dissolve the lead chloride, smd tho solutlen twas
- divided inte three portions, vhich vere stored in

- glass containers,

_ 8ince each run usually lasted at least thres to fLour
days, it ves thercfore poscible, by using oach solutien in
rotation, to cnoure that sufficiont time was allowed for tho RaE

_to-aecumulateﬂbefore 1% van needed ogalin,

_ 'The vaocuum vas produced by means of o small elcctrienlly
hoated all-metal meseury diffusion punp (Hawerds Typo 3), Docked
by ca Bdvards "Specdivac” single stoge rotary pump, To pup
-,gng_géggé geqtigg,'uhaeh Ung spparated £rom the experirontol
seotion by the main trag.is.iiluatrated in figure 13. This
: éectiop,was subsoquently transcferred o the mew laboratory, omd

" usbd on the guziliary or tect, cpperetus, The vaowun jackots
of the lovw temperaturc thermostots werc connocoted to this

pumping systom a% A,

=2
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. ’i@o ap"sm‘@uo tmoca f@&ﬂ Bho Q&x’a@ czspordncats 39
3 z‘mmm%ea in £AEur0. 14
o  %ho ondn cootlon eanodgtod @f a leng otradoaS (Ll
'.me 25 mR. bore ong I HO%e Aong, “h:w condl olootrin
netor {Sho_rodusing Swmann) pent to tho purpdag dcad €24
L-’omoél by TARAART ndehrent Gopo avVoR .mbao@@_o PODOR cR O &
oyl4naraca) bragn oo, . 180 FO0LO%0AG0 TO0 22 ML .
. %ho comtyol B9 cido oim Rold o 2% ndekol
; &m& 8508 for coXLeeTARS tho L?QE fmm i’s_:.) coludlen. oo
c0divaty eould thom b2 OVOD @m%oa on €9 a £ofal £edd ploucd
tnrAorRenth o ops.mi. - Coppor coRRo0%iong Tore pEovAcss ¢ TocR
| 'Lm: mmz zma. m@sa‘@,a cocﬂ.- ThAo poradttod adfuotonS o tho

w? i@&oﬁaﬁly zﬁl.gﬂ.a 0 eRouy a 81%1;@ ko ao%ﬂnc;, OREC DRAC, x:@a
895 cuffor ooy wm&ommﬂn&i clfosotion.  Fho oztorR I g TORO
: . ﬂf’om e@ppexe All m@ﬁﬁ e@mogﬁﬂom LOFO, nedo by ocddvey O GerAng
who oméla of the viroo anto - nplekol aloovos. %o oztorn, wold
o #31106 with Coks m o g&m mo@mm.@al pragoetlon ¢ T

S 0..10. A @se@e ef mien walst wla@oa orowmd o gpdrall 4n <303 o

oy ‘aha?, ﬂ.ia pm%oaﬁea ag am@h ao raoa&bio of fho ouEFEFBwWRTAL 0
£ron @@n%aaim%&@xa vher o @iﬂd f:Jao hna%oa. In $hdo ¢ j

- o ta‘:‘.exsgx*@maﬂ et woo Ropk dewm e r'@no OREoRGe

| N Azm endsTAndeT 6omator (Ed0 By GefeCo.) oo eeatcd
©V’))? ‘ahc mica vdndoy vhish wne fw%%zoy cloms tho tuble oo
"o, %’h&@kmsa 1‘7 L2 @a."?g_ o cupportod by & edwoular 000
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' platfox-m which fitted ovor & “bl@cm out" seeﬁon of tho tHlo,
- The rim of thﬂ.s “blow out® uvas gmunél £lat., “Sucking inf of
the moa was inhibited by placix_xg; ovor A% o braso guord Fing
.(Seé inget a , fig. 14). Tho whole assombly was hold $ogothor
and rende'z_*éd. vacumm ight by means 'af Apiezon W ("blaockf) wos,

 Provision was made for bullding o Peastle” of lend bricko
round the counter and thﬂ.a se@tﬂ.on 0 the 'auba.

~ To this end of 'Fsho %ube 7an aﬁtachea o tube of
narsFover bore, into vhich the sﬁ-.nea. pyrolysis tube 3110'@:
£itteds i‘hﬂ,s olso s sealod in 'vﬂ.th bladk wax, and wWo
- Titted vAth a &mell heator -'%he g NEX oigsm furnaco ~ DAFFOTCER
in dlameter than the red.ucing i’umaee, but of simdlor Gope
stmotion.
. Yeoperaturs measummenta on both furnaces TOFe
eam'ied out vith a narrou gavge chmmol-alumel thexnecounle,
_-eonnected through copper leads to o miero-ommoter. . Junctlons
vore effected by means of sllveze solder. Tho armngemem a8
roushly ealibmtiea mgaim% a mercury—-quartz themomatéz*.

The souxrco of load tetme%hyl-'is hg\m attnohod,

The iniaal mé%hoél of pmasumé éemt‘-z’ol, by 'means of o ceorod
tcm, vag desoribed in chnpter IIl. - _

. Te tho other sido am on the long tubo, near the ‘
siliéa tube, wos attached the hy_dmgen line_. This incor-oratod
a dlscharge tube vith conionl -alu:ainium elostrodes £or tho
: I'produétion' of hydrogen atonag, a chareoal trop whieh egmia [3s]

e



‘iﬁmeﬁséa.;n 1iquid nitrogom if buré hydrogen Uns roquired,

and a syst-am of icap, pmehod nafcnez eapiliary loaks, bubblow,
and blew—off tubo, o comtwol %he £lou rate. Cylindor hy rogon
wes used ns a. source 0f snppl,f. |

| Smbsequen%ly, vhon & eaﬁisi’aeto'ry themoeau'plo souge |
hed bsen bualt, 11; s attaehed %0 the pumping load at A |
This gaugs vas in use durdng the podiun £lame runs (6 - 14)

vith methyl radicals. For these lattor oxperimentc tho

silica tube vas removed, apd tho £iret type of reaotion

chambor (¢£ig. 100) was seaied o.n" in its place. A weli typo
reservoir, similas t@ thot shom in figuxes 9 a'nd 14, uaon o ,ain ,
usods - This tiwme it wvas is@lwﬁed ‘b;r Jjust ono mp, ond
lmbricated vith "sugaxr’ grease.

| . In moot of this se?ies of prellmimxw Tang tho
preasnre was governed Ly a. rough tenperatire eontr—ol exereiced
by attempting %o keep thﬁ rasewoir at appmxix:ately the agano |
~ height above a pmall qmmc&ty of liqnid nitrogen in the botten
6% o Devar flask, In @ne or tw of the later runs (13 - 14)
Ehe ﬁénhyl dedide torperature Tas eontmlled by iomersion in

on éeetome-'seiﬂ;a carbon dloxide 'ba‘e:h. The control mothodo
deosoribad in the lagd eho,ptor uerc not doveloped until oo
 ¥ime Mter. .

Dosector Pr@garatiom. | . :

B The oholee of tho metal %o b used g tho SugpO =G |
for the PaE ip governod, im the first place, by two concldcratieons.

115 =



Firstly, the radicals mmot% be able to remove the deposif f£ron
'.ﬁhis support.'. Segondly, 4% 4s preforable to depoosit the
aotivity directly on %o the wire, for 1t raula gecn uwnlikoly

| that a suffielently high aetivity ooula be transferrod £ron,
eay, a nickel vixc to scome other fine vire by vasuun ovoporltien.
Thig tﬁmnsferéneé 1@;;1n goneral, only practicable vhem tho
rocolving surfaco is larse, althbugh a technique has boca

| préposeﬂ (149)'1m a ?ec@nt'pubiieatiom whisch night be adopied
for-the transfer to smalle? surfaces. Alternatively, it ohkould
bo poseible to dcposit Ral on. to any metal by an oleetrolytic
_.method. provided tha% none of the many interfering ione cre

. present. ~ This vould bo most sultably performed by the oloc=

-f'%rgiyals of a earrier free solution of puro Rali, A mothod Lexr

. the pr@paration of such & salutien hag reeently been publichod
: . (14). Houever, the vholo precedurc, otarting from the Rod
: 501ut1on, uould.have to be.earried,out eaéh tine o targo® was

ﬁequiéeda-

3 N ﬁzokél'ié tho most obvious choise in the £irst plaoe,

..n'ag has alfeady'hegn indicated. But should 1% prove dirricult

ﬁé ﬁemova phé activity frém it, platinum could bs uscds A

“ mothod has'boen.ﬁubliehga (142) by which biémuth and polonl
'cénlkaloolleoted on a platinum surfaec vhich has boen coturcted

" pith byarogon. o |

| 'v_ Sine@, theref@re, 1% may hava proved necessary te ry

;jla number of m@tals as sup@@rt for the RaB, the apporatus had %o

-.'-//6"



- bo aﬁwénsed, as described, se thnt thig could bo done. Foils
: ﬁer@ uséd, for 1% 15 cosler ®o evap@rate o useful activity cn
" %o aiiafgé aurfa@e; and, bosides, & veriedy of netal Lollp wos
"availab;e in tho laborotazrye |

" Sho dooiem of %he epparatus roquired thot tho 03
@Quld'be*m@vb&.fr@m pimce %o place aleng the mainm Suie hot-oonm
- guceessive opéraﬁiéns. “hip was cohleved by mecns of the 11%tle
nild steel “trolloy’ illustrated in figure 1, insot b .  Tho
'-'foil was:silvaf eolde?ed 1 75) a'léngth 8% 0,5 m, tunssten niro,
bont ée shotm. This b@na served to oupport the feil a@ & 24ned
diatance fron the vello of the tubs, rnd honce £ron tho comator
henr medsurenents were bolng tokon. It vns moessoary ¢l the
fsup?oéfing ﬁira shguié.be thiﬁ, so that the aren onpesnd o tChe
oviporating Ref should bo amoll compored with the aren 6f tho

. foil, end lomg to emgurc that 118810 aetivity wms ro60ived on

‘ th@ tr@lley. The 1ength e 2lso arranged eo that tho trolloy
pr@jeetad £rom the leaa castle. This permitted ths adjuctnont

. o£ the foll without the mcoeosity fer renoving the cootlo.  Tho

__traliey'wgs moved from outcide the tube by means of a omil
_' ﬁaﬁmaﬁen§ magnet.' - %ho p@sition of the feil undor tho counior
f jwas deflned by a seratsh. maﬁg on the tube,
" The soquenco of @peraﬁions o8 as follows-

7ith the aﬁporatus evacna%ed, o strecn of hydra o
:  waB pumpea by way of tho liquid nitrogom cooled charescl $row,
. end sufficiont current woo possed throush the miekel spdscl fo

-7
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atream of purzfied hydfos@n for at least half an hnur. Ie
vas then moved 1nt@ position’ under the mica vindou, and %ho
| g baokground count .was Peearded as the last of the hydxagcn
u' _was being pumped away. R |
“ The foil was thon moved back to a position dﬁroetly
under the spiral, whieh oas eleetrieally hsated %o a duil rod
for a maximum of about 6 ainutes, | she "packground? e cgodn
counted, the foil. uas returned to 1%9 position under tho counter,
end the experimental rin vas begun. |
| _' In the last twe runs (13 and 14) with this apparatus,
'_the fotl'was replaced-by o -loop of nickel vire, The RoE mas
3'_th9n deposited directly on the loop, ond thz proeeaure vas
-modified‘accordingly. '

"_Lest;gg Procedure.
- Two se%s of exporimente were carried out with this

arrangement. _
- The regults of three of the £irst set (runs 2, 3, 5),
using ethyl radieals £ron lead tetraethyl, are shoun 1n figures
15, 16, 17, The annotations indicate. the operations which
_were oarried out during these runs. | Times wore takeon £ron
the laboratory clock, Booh deposit uns used until the activity
-bécame'fdé low (~ 1000 to 2000 é/h) for convenient neagurcuient
vith short counting ﬁimes._ One or two minute counts wero
preferred, vith the provico thot a 19 otatisotical QGOWRIOY
(10,000 totql.counts).wae aimed ate Tho results so obtainod

-9 -



.ﬁer‘e coxireeted for tho “n@fm-’l“ deeay occerding te thoe procclurs
e eu® on pago /05, cnd plotted as chown. Mo eorraction VAt
_@aa:e. f&r counting lossec ot high counting mtes. Tho usunl
ecuntihg ammngomnt vos weod, tut one oxr twe minor voarintiens
m pmeedure should Bo n@‘cod.

o . I% vas shom thiv novement of ths tmlle,v, Lor tho
purpose. og taking frequent baekground eounts, was mot doglwcble
as 1% was vory difﬁeult_ ¥o replace 1% in exnetly $ho ocono
pésitign oach time., These 'slightly differing positions sheuod
. ¥p a8 excospive dovintions of the recorded count £ronm tho volue

%0 %zé__bxpeoted £rom tho "normal? ddeay yate. Sinee, im Ghose
coxly eitpqﬂments,' the gen*éxél_ovez' radieal intensigy was nod
g;oéd., it vas decided %o neglest the beokground count in the eol=
-eulatim of the results. That this nmokes comporatively 11%tle
differezice particularly é.t high counting rates, can b2 ocen in
figure 15, whem the broken lin@ was caleulated after £irss
eorrecting ?,he activitios with reforencs %o o background count
: token at tho ond of tho rune The backgmund at ony givon tine
- was coloulated from the ebsorved figurc by assuping that 4%
arose, fo'.r'the nest pore, frém RaE contanination em tho incide
gias_ valls, and epplying $ho 5 'd-ay half life cerrection. Im

o1l other oumves,'unero the booksround has been meglectod, %ho
. porsentage drép in Qetﬂ.vﬁ;y lwi,:l,fl,_. aﬁpear to be slightly looo
" thon 1t veally is, | |
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_ 13 was f@una, adgo, that the otarting veltage of

these eommereimlly made covnter tubos had o very high %GJWOLG%“?@
- eoofficient, boing upwmrdc of 80 v for a 5° (C) »ige in voon
températume. A standa?d ‘souree supefposed on ¢tho Poldl cetivity
vould bo of little velue teesuss of the largoe @gumt&ng looacs at
high rates of count, | 1% vas thoreforo assumsd that tho couvnting
. rate.at a givém position on the "platecan’, relativo teo tho
_;atarting valtage, vould be r@pradncihle £rom doy %o awy vAtain

a suffieient degrog of acocurasy. Before eaoh count, th@POd@?e.

the eounter voltage vas found for vhich the counting rote wog
opproXimately balf the.“plateauﬁ counting rate, ond the

mensureménts'taken éﬁ a @eﬁting,éxactly 100 v higheor than this.
.5his'praoeaure vas poessible bacause the “plateau" ontonded ovey
‘gome 250 v, and the @pera%lng voltage vas thus well avny £rom the
-'ends of the platewu. Tha 5 “half counts® voltoge was ehacon in
preferenqe to the starting valtage, for the countor eharacioristie
- ouyve chgﬂges very ropldly in this rogion, and the referoncs
@Qint ﬁae thus nore elosély defincd. Vhen this tcohmiqme ues
” ﬁééa, it vag gound that individunl moasurenents remaimcd uvithin
E %he expeoted.ltatistical error unlogs sone othsy, chemieal ofZcet
w/at: | ocourrqng. ' _ '
: - - %ho sequence 02 operations was decidod during the
"'eouree.of'ﬁﬁ@ éﬁ@eriments,'and was cltercd periedisclly in ordor
to oheck on the- poesib&e couges of the phenomens oboervcde  The
Ei‘rosult of the pessible eperations on the docay rate, whﬂn Lecd

. tetraethyl is being used, should be as follcw-.
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- 1. : "Nomal“ 5 day’ halg life vhen the vaguun syoten
o 18 skm?, dam. I¢ apprecincble cmounts of RaD
aro eoll,octed, thio should mot b so.
2".' Again, normal haif _lifbpn_éentimqua punping,
| uith the resorvolr tap ohut, chethos tho
‘pyrolyeis furhnco is hot or cold.
: - Be :G@néiﬁu@ué pumpirig,-_ resoé?vcir top open, pml_yai‘s'
| fumaéc_'é_@id - 8%ill no effaot,
4. " Ao ih 3’, but pyrolysls furnnce on = linear drop
. in activity, wi%h slope dependent on mdieal

| coneentmt&on. | -

L H@wever, it 18 well knomi (ef. 41) that $races of
.oxygen Anhivat the removal of lead or bleruth by rodienls.
‘The stanaard ‘cechnique foxr ovez'cummg thip, vhen the nirror
ig deposited on’ tha Ualls 62 o tubs, is o movo the mirror )
and dcvm the ‘i:ubo a few tlaes by gently varaing 4¢ in a si:romn
0f pure hydrogen aas.'_ Alth@ugh this is not poseible vhon Gho
| "mizror? 1o depoz:ited on o wire er foil, it is gnid that

hyarogen atoma £xom a discharge are oqually effective,  %ho
| discharge tube ‘shoun in figure 14 woa 1nstmlled Lor thic purpose.
) Pmally, thcrefore, 1% uag nooeseary to 1nvestigate
5. - The effeot of dlacharge alona on the activity
: shoula not ba lax'ge, tmt 1% might faeilitate tho
removal of the ao%ivity by mdicale.
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4'.500 @it fat in Ifo'm--yrea.n rep)
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_moﬂma as a veam dctector ié .no‘c,'fﬁlfillea, ag any rate vndoP
' 'l-th'c: @ohdiﬁ@xis whieh arg obtained im these oxperincnts. Thad
is, 4V r - 48 no% comstant, Indeed, in. aomo 02008
-the tadling of<" oeeuzvred ag the methyl maide Pressuro UL8
_ 'anoreasing.
‘ - In these exp'eﬁimenéa the conditions verec continuounnly
o adjéSted so that é slight haze was aluvays visible im €ho rocotien
eh&in‘ber tfhexn i% was illﬁmlmted vith a sodiuﬁ- vapour laip.  That

| is, the conditions vere aluoys of slight esdiun exeoss. Bineo
the capillary through which the enfium omerged tended to Locone
blocked vith seddum l0dide deposit, the methyl iedidc tezporature,
| “pather then the ‘ponotion teﬁpemme, should be tokon os o rough
indioation of the rolative radical intensities, Thus im Ligure
' _. 18, the radical intencity in curve o (=66°C) wns probably [wonter
then 4% was in curve b (-—7;.00). It chould bo noted thot, of
'_tﬁese' temperatures, methyl ioaide is solid. Thus the oxtro=
,pola.ﬁion pmcedure mentioned on page b/, canr only give, of aeot,
@ very appmximte idea of the probablc vapour PPEOOURSTs '
Bcaring this in mind, the pressux'es at these two temperciurgo

| vsrill be pf the order of 2,1 and l.4 mn.Hg. respoctively.

: ﬁowever;_. tho §ressums in the reaction chamber vers suro to
| ba muéh Iéss thon this, ;’oz: the methyl iodide was pumped

_ t}mough éome .14 cm, Of _co.pnlary tubing vith bore rother loss
- thon 1 mﬁi. . The themocouﬁle gauge indicated pressuros 6L
" 10~3 mn.Hg.
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| " Phere arc a nuaber of posoible oxplamations of 6ho
“tailing of£" procoss, Firstly, 1t may be that onell $rreos
of oxygen are in FomG Ry ibé_ing continuously intreduced inte
tho s_yat-em, cmd that thio ézygen proéresslvely roasts vith the
bismith untdl the stage 45 reached vhom 4% is no langé)r podedble
for the md_icais-ﬁ@ rocst with it. If this 48 so, Srontment
: wi-.th"hmmgen should regonorate the surfaes, vhich r:aulé; Shon .
bo ovailable for Purther ronetion watil At omce mowG Ba6one
oxygonated. = Some of the rosults with methyls could B9 %akom
to. support thic cxplonatien, Mo particular procautions uors
~ token to cmsure that 'eomplétbly cleen codium wns Gromeferrod
into .the._ sodium chombor, and the methyl lodide was eutgassod
by the ususl technique of froezing and pwmping uatil mo Lurthor
EM“Dbles were evolved on- meemeltmg. This is usunlly tokon ¢o
:_' be sufﬁcient, but the e.mam% of RoL 4o co small that vory siight
-}.ﬁmees oi’ oxygen could ccuse the cffect.

. Curve a in figure 18 might md.‘!,cate that tho nothyls
remave the 20%ivity but only vezfy glevly, Uhen thoy arc B9
preeed_ed by _hyamgem aten ?smatment._ This is shovm ogrdin im
the laﬁter' 'pérﬁ of curve by On the eother hond it c:m B0 paon
(cuwes b and 6). thzat provious discharge troatment reoults im
o wuch sharper L£all, vhose slone also varies in ¢he oxpestod
_di-reot-ion with mothyl lodide tempemmm. The pomo oLL0GY
can also be seeon in figure 19. Pf@reover in 19% 4% com B0 ocoom
- Shat & second sham dmp is obtained vhon the dioshaxge Sroatnent

- /25__



-4 opplied ofter the first "$aill® hos boen roached. In
thss ourve oan:alsé Be soch an example of o phenononon thich
sometiﬁéé-occurwed in the preceding runs vith folls, whese
rbSults aré not ahswh. 'Dis@harge treatnent by 1toclf? eom
give rise to a drnp in activity. This doss not hoppon ovory
. time, ana 1s usually not vory large. It cannet bo aseribod
f' in all cases to the fomma%ion of radicals in the discharso,
u - even though this explanation cauld bc advanced for the lost
- sticep drop 1n 19b. In some of the carlier runs this offoct
uas @bmained befoz@ any: nothyl 1od1de had been introduced
'into the syatem. It may be that tho diseharge, whose
.eonaitions @f hydrogen fiow rate nere net exactly roproducivlo,
_; sgmetimes produeed atoms in sufficient quantity to cause
appreo;aﬁléghaﬁtinslof the foll and thus evaporate the bismuth,
it_ié said (ref, 41.'9; 48) that this metol dees mot form o
__hydride;b§ direst reaction with hydresen atoma.
r _ | BEvidenco whieh appears to be in eontradiction with
ﬂflthis oxygen hypothesis io prosented; houwever, by the curves
 rom the lead tetraethyl esperiments, In figures 15 and 16
& number 6£“examp1eé-may be found of sharp drops which were
not ?reeedea'ﬁy dischargo ﬁreatﬁent of the foil. 1Indeed, in .
15b, the initial portion of the curve shows vhat occurrod whoen
gn air leak'developea in the reservbir tape. The eurvé dia
f indecd flatten out, and only the normal desny ogeurraod during
_7the time vhen the whgie system Uas at atmosphorie presouro

- = (26~




' ) ﬁhﬂe the %ap‘-ms re=greasdd. | Iméediately the vacuwn tasg
: restared, however, and the load totracthyl was once wore
'- being pyrolysed, another chaxp dmp, although smallor, s
: b obtained. Thig ene oscurrence by 1%self seems to 6aol
. .eonsidemble doubt on the vaudity of the oxygen hypo thosis
- '-'.'_l(ef., however, ‘figure 17a), |
o L Altemat:ively, this “tailing eff? ocould Bo
| -explained by aseuming that, in addition to tho volatilo '
| imetal alkyls whela formation is res;:onas.ble for the decronoo
. -""in aetiv&ty, SOmE a¥e- formed which are relatively invelatile
' -:-‘_amd preveni: any further recetion by "clogging“ the surfaco,
. Disoharge tzaeatment sould thon perhaps genoxrato suffi@iom:
heat to volatnise those e@mpounds. This 1e quito foosiblo,
 porficularly for methyls, for Panoth (19) has recordod thot
',the co'mpotfmd (Bi(cﬂj) ) hog Been isolated as a prodes

.~ of the redction of methyls vith o hot biemuth mirror. I%
o is not .;inconeeimble thot emall traces of this compound cwe

 fomed on a nirror at room temperature. o sindlar cormound
‘aeems to have bean isslatod in the case of ethyl radicals,
elthough only a very small emount vould be needed o
'.eé:plam tho results.'__- B Thi._'s explanation is very aiffioult Ge
~ prove or dlsprove with the avellable date, although, oneo
egoin, the initial portion of figure 15b 1s a1fficult ©o

¥ . reeénc_ile with it, unless the supposed involatilc materiol

is dostroyed on contact vith the alr, 1If, however, the
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" cono otor ozplanation 07 the PEAlling? off Mot ptALY I
cowd®e’ T | - |
o A Shird pesoibilo oxplanntlen 4o asoscdatod CAs: 3y
-rfilm tho CpArEo A3otralusion of the bicomwth ateno e o
;M".’g@@. Uath $h2 203%C thic 4o cvem greater thom ool
amd @ziena by ¢ho ﬁ@o&i@a&h Aunotration proviewsdy gived In
.' __ ’ﬁ&a ehapﬁo:a. E‘hé ourR000 aren 0F She £eal wao 0f s owlc?
0% % emB,  ®mg, ovom vAth o cowning $ato of 40,000 of:,
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' humbor of BoE a’g:@xa-si on tho ourfaco () end tho punbor ef
mmtioxi eensros,. This wewdd £4% in vith the shope of
the curves quiteo well, -p:'?@v"_igled thaf, in addition, 4% wo
posfmldted fhm’s a gertoin -imm size of ogsrogoto of
biwuth atoms is neeesaary b@fom ronction cam tako ploco,
-Ot&rw!.se tho curve sh@mld ne?; e@mpleﬁely tglatton out?
' un?sil a large pmportion 534 the aetivity was removed.
~ Then d.isohrarg@ trontuent could have tho 0ffect 0f rom
-dz.a'@bri‘buting the romainim atoms or tho swrface, and timg
' er@a'ce frash reaotion een%x*es. '
| This hypothesis b‘y 1teels &oes n@t, hoever, account
 for the inferenee to bo arerm £ron ourvo o, and the latbor
pers of curve b, in £igaro 18 - that o discharge secas %o be
: noceesa_ry beforo mothyl mdieals will caubo a shayp drop 4m
_actﬁivity; _ m@né of theso explanations accounts sotisfootordly
- for the ph@nomana shoum in £1gures 16 and 17 vhero, vith
: eomamt:.vely 1ew o?.hyl eoneentmtions, 8 relatively a%ocdy,
bmt siow de@reaae takos plaee evez- quite an extonded poried of
: ptm*oing and even, in one imatanee, ovomight when the pumos
Tore skmt oL, | |
Tha possi‘ble couses of this lev dseroase require sono
further explanation. I¢ ocourred only during thoso onrly othyl
- ¥une, gﬂd -ﬁsually oés’ly vhen the long Y"test® chambor wmo Boing
lc@minuously pumped. As o gomoral thing the last eount ot
_ n_.ight-, é;fjser' the punps hod . been 'tumed off, and the £irct count
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neﬁf mnfning,”before they wvere sta?ﬁed aéain, gave ovidenco
thot only the “natural“ roto of decny had token place. %00
_ senarate faetors gave rise to this pheaomenon._ Pirstly,
cancentrated sulphuric acid bhad been aprlied to the wnlls

of the diséharge.tube. Séeoﬁdly,'the tap9.éhutt1ng o£f the
Ireservplﬁ had beeh.lubrieatéé'w}tﬁ_Apiézeh gronee,vhich vory
ropldly absorbed an gppreéiab1e émoun% 6f lead tetraethyl,

part;cularly vhen %he-?eservolr'had been 1oft at roon termor-

© aturd, Thus, even vhen the tsp.wns shut, the lead totraothyl

_diffused through the gremse in suffieient emount to givo om

_; epproeiable eonecntration in the-pumpea chamber., This could
'-then react with the aoid (143), yielding lead sulphate ond
e%hvl radicals.

_' - In ene small pool of the aeid ghich had eolloeted,
indeed, a white crystallina solid wns observed, and vac showm
%o bo lead oulphste. Thus, vhen the system was boing puspOd,
%he radicals were drom over the £oil and removed the activity.
Under. stationary conaltions ahTQAﬁilibrium state was set up
-and most of the radlcals were probﬂbly destroyed befors

ehing the foil. ”his, then, con ageount £or curves
-.16b and o (run 3). Hovever, beforo run 5 (£ig.17) vas
carried out, the sulphuric roid had all been washed out,.
ond the apparatus eleoned. The decronse still occurrod
(fig,l?b). lThat this was in some vay connected with the
- leaﬁ tetracthyl is shown bylcumveg.17c an& d. These shov

-/30~



| é sligﬁ#,lbut névertheléss'reel,:aeerease-evén vhen tho Lood
‘totroothyl reservoiw ﬁaa been removed altogother, ond tho
- ci1ica tubo blanked of£L ot its gfound Joing by mecms ef o
'senled off cocket, -ﬂore@ver;'when'the-use-@f this ocubstoneo
08 disébntﬁnuea ditogéthoé, thé.épparatus vag thoroughly
Gleunéd ond subjested to‘soveéal T00ks puﬁaing. - In subcoquonst
uneg 1t eould be assumed Shat all tracos of lead tetracthyl hnd
been romeved. ”he losa 1a aetivity then folloved ths motural
doeay eurve unloss mo%myl rodieals vere prosent,’ '
It pight seon’ thom that tho lead tetroethyl could
B reéet wi%h'the.biamuﬁh cvén.ﬁheh-%here U2g N0 apparent NCoRS
i'ef'prbdueing radiccls £ron 4t. Mo fupther attonpt was Dedo
%o €ollov up this intorosting side-1ine, It would bo of
inte?est'to'invéstigate, some ime, vwhother this g, in foet,
o roel effect. . For the immediate task 1% was tokon %o Lo
 the final argunont in deel&ing %o neek gome othoy sourac of
- radi@all. ' . L
o Althsugh.thss@ rosults indi@ated thnt Curthor
: acvalﬁpment Uas nseded bﬂfore the "wire“ f@rn of Acteetor
could bs aceepted as smtisfgetory, it was-oonsi&eroa thab
" this developmont might possibly be fruitful, = Atontlon vao
- then turnéd to tho comstruction of the Eéam apparatus, Lo
- - 4% pocmed that th;é vould offeé;%he bost ebneo of ebolning
o) éontr@llea variation of_inﬁeﬁél%y vhigh @buld bo used to
- check ﬁheﬁhér ths slepa @f ﬁhe'“decay“ eurve roally depends
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on fhe'rédiéal intensaty. In the design of thic apporatug,

: therefore, provision vas made for the 1ntr@duction of hydrogon
;atoms into the ﬁarﬁet chmmber, end for a devico on which tho
wire eould be mounted and traversed aeross the beam., Aftengion
was also paid to the question of preparing samples of codiug cond
of alkyl i@diae which wore oxygen free. .

AU“OBADIOGBAPHIG TFGHHIQUF

| Lhis techniquo has receiven comparatively 1igtle
attention for, in addition to the doubts ralsed on page /06
'the results disoussed 1n the preceding section apply to thisg

' - also. For this teehnique %he most significant obscrvotion

. 4g %hat only a small proportion of the activity was removed
'before.the rate of decroase "tailed off". Unless, therofore,
“the conditions eoula be arranged so that all the ootivity was
removed by a suffieiently prolonged radical troatment, tho
teehnique would not bo satisfactory. . A reduction of oven
307 in activity along a ¥ery narrov strip in an area of
otherwlse unifornm activity vould not yiold a photogroph of

: very graat contrast, and the fine details of 1ntensity
'.vuriwtion would be aifficult to pick out, |

A Zew explgraﬁory investigations Tere perfommed to

find out -omething about tho beet conditions for ebtalining o

o uridform deposit ond o catisfactory photographic imnge at the

end of_an'ex?eriment,.but.no.qeparate test was nnde of the
ability o? radicals to roilovo this dopesit. A fow rms woro
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: als@-ca?ried out in tho beam'appafatus, to try out tho onor~iing

procedure, ' |

| | " ‘For the radioa@tive_depoéit it vas doslded %o 0implify

@rocedure:by uging the whelo of ghe aetive_aepoait £rom thoron

(0f.13}).._fThid.c@ns;sts_of.a nixture of isotopes of lcad,

' b;smush,-polcnium; and thgllium.' Tho £ixrst tUe arc know %o

‘e nttacked by radicals. It s pooccible that he other ue
will'aléo be"éttacked,'butlthis is not important bocause of

- thedr vory chort halZ lives. The decay schome 49

T/lc {ZIIP )
l Dy,
,1 o, )
212 zlz 208
T/,B ( Pb) vy T/.c/ Pb
o P Ry M
‘ Tl) CI:(ZDST/) '

o This deposit has the advantage thot 1t omlts tho
.partioles required for the prodnction of a good autorodiolroph
ond at the_same,%ime there is an adequate flux of,ﬂ cnd Y
-ﬁadiétién-whiéh.pérmata a rough preliminary check on the
de@ositédiactivity by means of an ordinary end windou sounter,
.;'This-is vory uoeful for the Qaﬁimafion of photographie axnosure
- times. - - It has the disedventage, hemover, that ite hnlf 11£¢

" ip only 19.6 hr. Because of the required eperating procodure

 the.agt1v1ty mist still be sufficient to give o good photesrophis
"imagg at leanst 5o3to 70 hours after the target hns been ronoved
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fram.the'emanéting source, thnt is, for ot least five €0 coven
tines its helf 1ife. Thuo tho initisd otivity must be of tho
order of iOO times the aetivitj7f1hally required Lox tho ocuto-
rodlograph,  An activity of about 2,000 of/m vhen tho targot
 was about 1-1/4 cn, £rom the counter vindow - gave o uscable
photographie.denaity after two days oxposure (6f.a.£4g.21),
| Small'pieoea.of T1Zord Galmucleér Research Plato
vere used. Thls type of emulsion hae the advantage that 4%
._is aensifive té o« -particles vhile being relativelylinsensitive
‘%0 other types of wradiation, 1nclud1ng 1ight. Thus advantage
- -could be taken of the sharper resolution offered by X =ouG0=-
| diographs (ef.134) and a faiﬁly bright green safe-1lichs
(X—ray type) could be used.  Because of the lov penctrotion of
these partieles into the emuision, only a short development ¢ime
was necessary (maximnm of 4 to 6 minutes at 189C, of. rof.134),
using developer solution 1319. . Because of the thickness of the
| emulsion, a relatively long fixing tinme, of at least 30 minutes
agitation in Iﬁa solution, vas required. The emalsion was then

. tashed in ?unning tap water for at least an hour, and storod

vertically until dry.. For these preliminary 1nveatigations no
speciml'p$ecaution;-were takeon to cnsure that the target 4id not
mévé on the emﬁlsioh durlns'éxposure.' They vere simply 1lcid
together and stored in a cardboard photographlic plate box.

Too other conditions must be satisfied. Firotly,

materials which can cause the gseudoghotograghi offect nusy te
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Emanat;gg Soureg.
A s-all amoun% ot solution eontaining forric iron

and radiethorium diaa©1$ﬂd in hydﬁochlorie aeid was availoblo
in the laboratory. On addition of dilute ammonium hydrogiddo,
“$ho fe?fie_hydrcxide qar$iod domm with it the rodlothoriun,
:_.Thia wdé filteré& on & pad of fglter paper pulp, washed, cmd
puched out,'pad.dowhwards@;on“to a small "dish? nade £rom o
_ pieac of g@ld foil. - ‘_ ,
| . Twe types of glass “emanating gOUTCeo ohanb@r“ TEEO
i us6d (fig.ZO).- B@th ere fitted wi%h loads so that a
.p@tential difference eould be applied between the gold dioh
-.fand the torg et, i aesired. The target 1lecad, vhich soxved
alsb aslitb mupp@r%, uas provided with a small cross bBoP
"which fitted into the ourled “hook“ on the top of the 2OF0Te
' Iﬁ mag arranged so thot the target eould b2 put inte placo
j nithout the need for oo mueh foree, yet was held Lixnly oneo
© An plaoe. This supgort wee made £xon 1/8% brass welddny rod,
f”and was waxod 1nto the’ narrow tube ot the ond of the ground
" glass come. Comncotion wos made ©O tho gold dish by moan
‘-ef a'“spring“_of“fihe.tuggstén'ﬁlré,'silver ealdéred o anoﬁher

. ploge 6¢”welding rod. . This rod was oleo uatod into 4%s 0ido

' arme In b@%h arrungements a simgle $hiclmeas of "AndroxV
"toilet paper was plaeed over the golﬂ dish %o empure thot ohnly _

saseons moleculea'cduld,reach the targed.- The ground jeinto

' worellightly graéaed biﬁﬁ'vasei@ne, o ensurd that 7o apnhroedable
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| .:_laét‘ '-c'olumn ﬁaro 'ofbtainea grophioally, assuming & 10.0 hrv,
 helf iife. , A rough ohoék- over an eight hour perled wAth
. twset II indloated thz::t this was eorrect.

| These resulto mdicate that the applioation of o
nogative potents.al to. tha tm*get greatly increnses ths

;e@necting efﬁeiency. . However, sincec this dostroys tho

- uniformty of ‘tho depcsit (fig.alb and ©), it is probably

botter to uae o more aative source with no field thsm %o

T aﬁtenpt to stmpe the target in an attempt to aehieve o BOre

 uniform fiold distritution. _
One other small peint was 1nvostigated. In exricy

: '&o obtain some guide to the resolution attainable, a short
1ongth cf fine nickel tope (eross seotion .03 x 005 mr,)
__ .rms plaeed £eross. a targot prior %o oXposure over the cnconcsiang
. . cource, mith no £ields The tape was fized in placs with o

: touch of soft wax, appli‘ad- %o the back of the target. Prlor
_ '-jﬁo the phgtogmphﬂ.e axXposure, the vire vas removed. - Pigure

- 2148 .'ind.icates that 1ittlc of the activity deposited under tho
wire‘, and that fhe rosoludion promised to be reasonakbly food,
o pzvovided that the surfaco migz-ation effoot turned out to be

--noi: too laz'ge. '
However, the proliminary oxvoriments vith ReE socnod

. _. ' t@ indicate that a reasonable proportion of’ the cetivity night

_' be z'emaved only by th_e application of ropented discharze (roat-
monté. Oporationnl trials (see mext chopter) with ths becn
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opparatug indicated that thiso would ke far fyonm eenveonicny, L£oF

 a satiefactory beom 40 @nlﬁ't@ bo. achioved vher o £o6& voouwvt

'(.?[.19’6 mm;Hgs) &s attalned, and cvery hydrogen A&ischarso

"-aos%roys'tho vaoumm, This takes &% least 15 o 20 ninutoo te

 rootoro. | ' |

o It vas deeidedgﬁhmﬁ@fore, %o discard both of %hogo

dioaetive meth@as Lor tho %1me being, and to coaxrsgh Lfer sone
_-gltermative deteotor whd ol does not necd any ®sonsitioing?
htﬂeotment @nee i% has boon installed.

- - ' OTHER Trcmxgtm

. AURILIARY A?PARA“U@ |

h A% the close of ﬁhe RAE oxperimente 4% boeono mOGOOENFY

'ﬁo %ianefer the_apparatus %o another 1gkoratory. In the course

'__@f the move 4% was re-designed so that 4% vould tako up 1003 0paco,

"_uad at 'the same %imo ‘b adeptable to a vAder varloty of purpedce.

. A1l the oubsequens %ee%s vere. carried out vith this oyoton, vhieh
is referrod to as the tost oy auziigagg vaouun 1ing.

| . The pumping uni% (fig.lB) uas as befero, cnd tho hydvogon
" 1ime (£1g.14) was much tho geme, with tho cxccption tha® the
eharaoai.trap w@s,subaeqmehtly TOROVOMe ﬁhs-tap@ s01n%ing it

... pere, howevor, left inm place, apd a glass sockot (B.14) wos

; sealo@_ﬁa tho tap om the-aisohaﬁge tubo side. A meodlo volve
oould then be inmcerted in the hydregem lime if 1% was docircd %o
N control tho £1low rate vhon, for instonee, voouun SoUZES TOTC

B0 ealibrated.
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_ ‘i‘he nev test soetion eonaisﬁed of a glaso kb, of _
.uavr@ximately 700 ce. @mnaeity. Iﬁ is ohoun 4n figuro 22,
”uwgots 670 ineertoa thr@ugh tho %@p B.24 secked, omd wowo
) 'su?)ported by a “emc@ﬂﬂe“ alip Uhieh was vazod 8 & [3ala¥ele

‘yod sealed 0 th@ @@rrecp@m&Ang eono (fig.aeb). Tho coursa
- ot - radicale was cinilor in @@ﬂsﬁruetian t@ the soureo woGd im
tho -zc_oa_za epparatus (£17.10D), _.m was attochzd €8 $ho B.29
L idé arn by m@mé of o Beld ~ Be29 ;sﬂaptof vith an Poxtondcdl

cone. g 'Subsequemly the ‘5,14 J@iﬁt vee 'émi%ﬁoa. In i%0

. ploco & constriction of conparablo dimonsions wos LOFRCde

This @‘bvi{atea the nosessisy fér.'éz_ gfaaeed' _joim; 80 eloce %o the
"heated.z:ohe. Phe 'czikyl' iedide 'éuppiy 1ino Imc ginilor o Ghng
doooribad for tho mnin a.ppamﬁué; Tho £irst medel thornooouple
gouge (p. 83 ) end tho socond model low tormerature thorostos

(9. 73) woro ugod,  Sodiun vos, hovover, Glstillod Giscotly
mte ‘Bhe end of the sodivm chambor. UVAith thig de'si@m $itz codiunm
' uenaqd %o comdense on tho aldos of tho rogpetien ehombor during
éhe' diétillatiom. In oxder that the PeYONANGO 1ight eaul

seon Auring the roostion, this £iln of gediwn was roved §» noarby

. glass gurfaeea by gentlo heati_ng vith a snall flano,  Buring tho

roaction, the._ eoddum vas hooted by & emall eleetriocal hoaﬁoﬁ of
conventional dcoign (sec pe//3).: %ho reoetion chamber oo kdp%
Uoarm by a £onu %ums of nichyomevire in sexies with tho sediun

fumcwe.' Tops and Joints on this seeﬁi@n wmore lubrientcd with

ails.c@ne 8roas.
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4

I% wos f@unﬂ to b@ desirablo %o @ake £ono proviclen
gop the "W@rking“ 0f tho J@ints hearest e the renctien shorbop.
This nas_aehievea by ingorvorating o £lass spiral in ko cikyl
_' iodide.éupply';im@-bétwcon thoe zaaetaen chomboy and tho “tulLox?
"bulb.-fiéfte? tho raaiecnl e@umee‘héd boon put 4n ploso tho olkyl
iodiée3iiﬂe'waé sqa;ed Sogother with the spiral in slichb
eqmpreséion £o &g ﬁ@ c@ppénéato for tho tendoney of tho ciliceme
%o fi@wfout;of %h@ J@inﬁ.L ;This epiral mo shgpod ag o vory £ing
| d@uhle c@n@,' 'Thﬂs shape 8dvo it moro ovabllity umler comprosoion
~ thon 45 poaseslea by the mero usual nclieal form,
- Ne ono pamtaeulnz’p@inﬁ 08 usdd for Gonncetion Uith
' thé_qthar arrangcmentslusod for -spocinl purposes, such ao the
prqpééatlon 0f alkyl 1@&4&@ and. sodiun carples, or 0 ealilration
of ﬁhs-thefmocquplé_gausq'(chaptergiii). Point B (£4g.13) and
 olthor 6f tho tuo sockots (£1g.22) voro the points of attoolhmont
;.m@at frequently'ésad._ Tho:oh@iq@,ﬁas decdded aecerding to the
ethor operations boing carried out ot tho #ims,
, Iiﬁ'tﬁe firsﬁ 0% thooe spherieal'test voscods o nlen

E winmow, simllar te %hat ghotn in fi&uro 14, vao pE@Vl&O& %
_' (315.22) Thls winé@w me lator @miﬁted.
: mommmm OXIDF |
| L Helvillo an@ Robb {4B8) havo observed that radienls
'  prcanee a blue colorati@n in molybﬂonum oxlde. Simec they

| claim thns eﬁhyl raaicals are 0.38 tanos as offeetive os hydregon
'“,ﬂtoms 1n this regard, 1% vas eomsﬁdere@ thnt this night prove ﬁ@
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be & useful gquolitative Aotostor. Yhey give no Lisuxrc fop
nethyl m&iéels, b‘ut_htho- indication Lxon tho precent tegto o
that they aro .i@sa' ei-’fe@'ti_ve.' In ogrecacnt with theso cutisro
(400, '.49) i% haos boen if@ma' thnt tho sensitivity of thic cotorind
os c detector d@eﬂ"l-dopené eRn S.'ts- “pmvﬂ._@ue Mstoryv. a0
- coloration, as. vigh thaﬁ'pméu@ed 'by hydrogen atens, a@éa 2o
pereist on expAsure %o ady (ef.li'zz.). To tice token for 45
.t@ faﬂé -s@em oleo s depend on tho nethed of doposition of Tho
oxido. ‘ . | | o
o Iﬁitﬂ,ally; the dcopecit waso Lormed in o vory oirplo
acnaor (0f.144). ‘Bano povdered molybdonwn oxddo im o cillea
-cméible.waé ho‘ate&. wiﬁh en oxy-=gas flano ¥ o tooporoturo An
ex0ese of it molting peint (7959C, rof.145). Tho ourfeec o
~ be e@qﬁed, usual;;y a ﬁ&oéo'of nicroseope olide, wae hold 4n Gho
- cioko of sublining oxido ckove tho orucible until oufficicnfs
thicinoss of 'éep@sm was @btained:.‘ ¥his Gcpecit wno oopldly
turned blue by 61680 pmxiﬁity % tho cdge of the f£lane,
| | Subscquontly o cystom é_f olectrieal hoating wag

"omple:ﬁye_a ﬁi an @ﬂzeﬁpﬁ te obtain a more unifern amd eskorent
_' -dop@si."t,.' A longth of "E@néhal“ rosiatance vire was Lol Anto
. 8 éup. éh_s:sp@d spixal, . vhnoe q.améter ms adjusted so Shat 4% Zitted
: el@seiy round a cmell pillen “tesf; tubol, of chout 15 ma. 9FO OBA
_ '2-1/ 2 em. longth, This contodnod Sho melybdonun exido,  Gds
- upld w8 suspended insido o eylinaricsl glass envelopo TAth tho

| Bop of the' siliea tuba about 1 em.'. below tho rin of tho cavelope.
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The 1ntervaniag'space wés paakéa vith piceos of acbantag,
Fhe heatér vire vas proteeéca_from tho molybdcnwa exido by
necns of o nica anpilus vhich covered the ontiro opaco bobUecn
_‘the'silica,tube gnd tho glass onvelopc. On %op of this, web
| aéﬁestds puip_wne bullé up to f@fn'a tight sonl, loaving the
orifice of the ollien ubo ot the botten of o shallow wodls
A-rooﬁangﬁlar hoié‘wué out in gnafher pleeé of nica, which
‘gorved to suopord the miorosoope slide on top of thia aovico,
" ond at tho same tiﬁb %0 shut out stray air currents vhich would
”otherviae disturb the homogeneity 0f the doposite
': If the temporature of this arrangoment wos Bmouah“
up. @aauauy to o bright rod beat (appmx. 800-850°0), =
| ”-eoheréns deposit fornod on the 81&88 slide witheut cracking A%e
If the slide was placod tO@ elose %o the orifisce, the rooulting
- 6enosit was hard ana almoat olear, os though the oxide had
" condensed as a 1iquid, and subscquently crystellised. %hig
_veo found to bo wheultable for doteotlon purposes.  Ingurficiont
'  &0095| of elr; ap with heading in vacwo, we found o rosult 4im
tho format1©m of tho bluc coloratien, Vith this are ngeoont,
hoveVer, tho deposis s alwaye white. |
_ f ahose aemoeita were shoun -to pPoocess a greator scrocitivity
. %o radicals than tha® ob%cined by the original meth@a, and tho blue
ccloratibn.was much more stable on cxposure to tho atwosphore.
*Al%hough fading is approeiahle after soveral montho, 14%%1lo ohanse
. was noticed in th@ space of a week. . The contrast in 1ighe volues
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x “13 m%' L‘l’@@d, T@uf; i‘iﬁ io r,@o,..‘l‘\i@ %@ @'bm&m ph@%@gmrm@
: xm*@@ue@&om @f Bl ﬁma.&@i Bluot, as chom in LAGUF0 256
| k _' 4410 Mnif@mity @2 fepooition 4o mueh tﬂﬁ%@? ‘ma that evt incy
45 tho #4p08 nothod, e ghough dn o a0k FO0PoET WoFO 10
'c‘bl;i.l t::@no m@m Low ﬂ.mmvem%.
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o8 p@s@ible, target w0 placed in position baforo 1% won
dicﬁilled. "h@ reaction vas then etartea, and tho £iros

£0in% coloratien was noticod SoBo 15 %o 18 mfm‘ses af tor
o '@penmg-the @tl;wl lodide reserveir taop. The roaction woo

- thon stopped. After 66vernl héurﬂ further pumping, rodienls

 Uere produced Lor & further half hour with only o clight
'int'ens;ficati.oh of the blue color. . Uhen the cediun bnd had
ik A< ﬁa_ coel, a Lrosh taz*getlﬁas intmaucedl. Undoy -the oono
_cenditior_xé this tarzet showed acine cplaration vithin Lour
'mim‘te-s £zon the time of c‘}‘aaz*ﬁng. ~ After about 40 ninutos
trea‘axaent tho b‘lue col@ruts,@n was eonsiderably moro imGonco
thon in the previous caa@. - On exposuro to alr both torgotio
| "faaed ovwnigm. og thoe t\m, the eelme of the socond was
| alightly mox*e pemisten@. |

| "‘he slit ms then imtalled and the pr@@odum
remétea; The ‘cimea vore now about 40 minutos for tho Hnriob
vhich was im place during tho gsodiun distillation, and aboub
14 minutes for the £iret signo of Golor in the mext onc.
E An. mterpmtati@n et tk__us phenomnonon may be 0££0r0d

- aftow mf'erenqe_ to the account of tho sodium pﬁ-epamti@n
_..pmc.edm’é (jp. 92). It ﬁ&ﬂ netod there ‘bknt appreciah‘l@
iovolution of gas, ana ehazsrmg, was oncowgered when the
 sodiun was heatad, in the £iret %230 of the distillation.
_ Somo of the pmaucts of ths.s reastion emald Fell bo adcortod
B ""on the t;arget: as thcy a?e uaimg pumpea avay, cad thus affoet
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the targét éénsitivity. For aubeequent rune a fresh sodium
‘éamplélﬁas only.intraduced wheﬁnthe thickneag.of the sodlﬁm
 lodide deﬁosltimade-it necesqary-fp clean the reaction chamber,
Adms-e;bn of air to the cold sodium did not seem to have any
"Igreat'effeot.on thé-ténperature at which the resonance appeared;
Tﬁisn:béérvation doée not,'of.cquree, have any bearing on the
oécasiéns when a dapsule is employed, for then the cracks fron
,.whieh the sodium'emergea aré much more easily.blocked -
The target support in the test chamber was therefore
..modified 8o that an 1nvest1gation could be made of the effect
of lilicone vapour on the target. In addition to the norocodue“
olip target holder, tvo tungeten leads vere sealed into the
oentral_stem fitted to the B.24 glass cone (f1g.22¢c). These
lgadé supported a "Kenthal® spirel, eimiIar to that employed
. for the molybdenun oxide furpace;_ A small anouht of siliocone
pump oii wae contained 1in a small glass véésel placed in the
heatér séiral. - With the targetysnppOrtgd vertically about one
 6ent1méter above the'tOp of-the eplral,'varying_amounta of thé/
‘011 Gould be condensed on to 1t by controlling the ﬁuration and
' amount!of heating prior ¢o treatment with the radiocals.
._ | These and gucceeding-runs were cafried out with targets
 deposited by electrical heating. =~ An indication of the improved
‘charsoteristios of thia type of deposit was furnished by the
first trial, vith no elit, in which an appreciable coloration
'-_Iwas obtained within two'minutea‘of'opening the ethyl iodide tap
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'~--$b the'glready heated sodium.: The sodiﬁm temperature was
élightlﬁ'lower*in-tﬁis'case_(éao°c = < 103 mm.Hg.) than
-'.previogaiy, as also waa the-reﬂérvoir progsure (=76°C, thormo-
eouﬁle gauge, ~ 0,1 PR HE) . Eufthermor@, in the run

. immediately precoding the silioone tests it was noticed that,

k witﬁ“the godiun at only 200°G, and the ethyl iodide tap closed,
”a d1ét;nct blue had doveloped 1ﬁ“3uet over 35 minutes., This
implied that sufficient ethyl iodide was diffusing through the
a?licéné’fap grease, whiéh had.not been reneted for some tine,
Uhatever the origin of the iodide, the concentration of radicels
- can.not ‘hdave been greater than'10°3 mn,Heg,, which vas about the
7;lowest pre@sure d@tectable by the thermocouple gauge. Further
I'finvestigatlon of this vas left until‘ after the ollicone tests,

!J'whlch were oarried out with the ethyl iodide tap shut.
It wes found that the silicone oil did not completely
inhibit the coloration of the target under these particular

conditions unless it tas condensed in sufficlent quantity to

. be readily visible. However, with amounts of heating found

- to be Just;insufficient to_canqe'condeneation of droplets, a

“.distihoﬁ sgadatioh-of thé color was obsorved up the target, from
:-'a varyipale blue at the bottom to a deeper color at thé top. In
a run tybioal of these tests, the ecolor first appeared, after about

| r20 minutes, on the upper portion of the target wvhore, presumably,

'l;e.relatively little of ‘the vapour had been adsorbed. On prolonged

; ethyl treatment the intensity gradually incoreased.
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_ Thus;it'WOuld appear that, to be gquite cértain that
'éhe térget sensitivity 16 as great as pOlsible, ito surface
. muet. be protected from the 011 vapour by an effacient baffle
”iin the pump ‘throat. _ '
| :_ From a cmfsory examination of the blueing obtained
.by merely heating the aodium, it would appear that diffusion

through the tap'greaae ioc not the only cource of the othyl

' . iodide. It is to.be presumed that tho presence of this

“compound is necessary for thé produotion of the blue coloration,
vhich took place tvom vhen the reservoir tap vVas re-greased and
the reﬂérvoir"itéelf w@i'keﬁt cold with ligquid nltrog@n, not .
-fonly during the ran 1tlelf but also at all other times,
warming up of the reservoir, however cannot be cntirely
avoided,_ for very‘ 11ttle of the coolant remained in tho Dewar:
' flasg'py’morning,iavgn-when the,i@vel had been.éeplenished Juet
‘prior to departuré the'previbus evening. fTFhat the "diffucion®
: effeot may plé& gome part in this effect is illustrated by the
folloming appearance timea._- |
| 1. - Immediately aftor the tap vas re-greaseq a faint
~ suggestion of coloration 17 minutes after otarting
'to heat the ods.um'; @ definite blue developed in
i_'about 24 pinutes, | '
2. Bight days later, a blue deve10ped in 12 minutes..
3. .Three dayo after this agaip, a definite blue

appeared in 10 ulhutea._
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The sodium temﬁerature in all three runs was 250°C,
' At thils stage the alit was replaeed fresh sodium
. was 1ntroduced and the 1solat1ng tap vas replaced by a new
one, - The sodiun vas preuheated for about 30 minutes before
fhe fresh target was introduoced, and the ethyl 1odide was kept
‘cold, and not autgassed,'during fhle time. Heating of the
.godium then produced no eolora;ion in 42 minutes,

| Eﬁeniafter allowing for the presence of the alit,
this might bo taken to indicate that, although Some of the
ethyl -iodide in the previous runs had diffused through the
.silicone tap grease,'some must also have been adsorbod on the
- reéction chamber side of the tap. The mbst'likely place 1é
the small quantity of greaee which always tends to accumulate
after some time in the tap sideamml. This material is
difficult to remove completely unless the tap is cut out of
‘the aﬁparatus, Adsorption of the iodide at some point nearer
to the reaction vessel is not ruled-out by these obsorvations,
'.‘l'mt: 11;. .is considered tq be 1e88 likqlgy.

Thus 1t would seem that, although the silicone grease

15 more reeistant to these vapOuré than 1is Aﬁiezbn grease, it
is advisable to take the precaution of keeping the reservoir
as cold as poseible at all times when it is not actually in use.
o The two final runs in this series were carried out in
.order foigain some idea of the effect of fhe 611t on the flov of
;radioalé; and thus to estimate thé'eXpoaure tine probably required
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for deteotion of the beam with g molybdenun oxide target.
'The-ethil'iodide température lay in the range =72
to'—76°0 (.2 to .15 mm.Hg. pressure at liéuid). The sodium
| }temparature, 250°¢ (approximately 2;10“} nm, Hg.) gave a siight
exoeés of sodium in the reaction zone. . A blue coloration was
deteoted after 54 minutes, o _l' |
w1th a fresh target the corresponding tlme was 48
mlnutea, with the temperatures at -76°c and 25000 respectively.
' Thus on the basis of the arguments presented above
= (p.l45) a trace of the beam should be detectable after a maximum
of seven hours running time.
OTHER TARGETS |
-Bilver Iodide. _
It has been demonstrated (p./?8) that radioactive

"ellver iodide" might prove to be of use as a detector. An
opportunity was therefore taken to compare this method with the
'molybdenum oxide during the oourse of the experiments Just

deacribed. '

A plece of silver foll was soldered, for convenienoe
in handling, on to the top of a nickel counting tray. The
sllver was cleaned with metal polish, wasghed first with bensene,
then acetone, and finally with aioohol which was burnt off.
After this treatment water spread readily over the surface,

A solution of paraffin wax in petroleum ethsr was then prepared

and painted on to the back and sides of the nickel tray, and
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_ aleo around the edge of the silver surface. Thus when thie
'tafget'ﬂaé.dippea into %he_eoiutign, the silver was the only
. metal to come 1nrcon§act vith 4%, |
.- An old solution cortaining 1311 a0 soatun 1odis,
q.allegedly ﬂcarrier frecY, vas obtained from Mr.B.C,Purkayastha.

-'Frol 1nformation supplied_ﬁw him it vas possible to calculate

. thét 10 ml. of this solution should contain, at the time of
_.'this-test approﬁimatelyIBBOO o/m .of 1311 if it were all
oontained in a aolid source placed on the top shelf in a “lead
caltle“ o
?o 20 al. of this solution (which vas neutral to
11tmus) vere added tvo drops of dilute sulphuric acid %o
- 11berate the 1o@1n@,‘gnd the e;lveg disc wvas immerged, uwith
bcpaaiongi agitation, for 130 minutes. On removal it wae
"waaﬁed‘with dietillgd ﬁater ana acetone,'and dried in a streaa
':of filtered air. | | | T
| Its activity uas found to be
Ap = (1057.3 % 10.28) - (1_7.6 £ 0.6) =

| " 1039.7 £ 10.3 (1.e. + 0.99%) c/m.

.. .That 4s, about 14% of the aotivity in the solution
':: had been collected. | | '
._ - The target was plaoed in the test apparatus and,
:after evacuating, the sodiun vas heated %o 250°6 (no slit

'“-_q';preeent) for 23 minutes with the ‘ethyl iodide tap shut.-
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On removal £rom the apparatus, the activity 34 hours
after the first count uas found to be’

Aza = (963.5 2 9.8) - (17.6 & 0.6)

945.9 * 9.8 (i.e. + 1.04%) o/m.

Thua the ratio Azl /A, = 91.0 # 1.43.

The ethyl radioals had therefore removed 9% of the
1311 4n 23 minutes. Bince the half 11fe 1s B days, thers wns
-Ino need to correct for the natural decay.
A molybdsnum oxide target, treated on hour after the
_ silver dise had been removed Trom. the apparatus, gave a blue
coloration in 19 minuges under the 8ame conditionms. -

A calculation ‘similar to thﬂt oa?ried out for Rak
(p./a9) would shots that the area oecupied by each iodine atom
on the silver_is almost as great. Further investigation might
thegefore show. that the activify-time oumﬁe for this detector
‘was similar to those obtained for ReE. ~ In ths connection it
is of 1ntere@t to note that the percentage reductions obtained
for the two different detector elements are very similar in
'amount, although naturally the evidence with the 1odide is muech
too meggre.to draw_any conclusions from this, ”he matter was
ﬁot pursued, for theo result was sufficient to indicate that the
molybdenum oxide vas, at the present stage, preferable for use
ae a qualitativo indlcator.

xellurgum. |
Early workers with'inaCtive nirrors (146) found that
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-'tellu#ium was & very sultable detcotor for 1t seemed to retain
'1ta'aot1v1ty*towards radicals even vhen exposed periodically to
. fho atmosphere, .. The poseibility of using this element was,

zﬂ-ithe?efore, also considered. Some visible deposits of inactive

.telluriun were evéporated on to pleces of microscope slide by

‘ "f vaéuum -evaporation in the “test® buld. This was simply done

"&.Sy:répiaoing.tho-silioone_oil "cup' by a fresh one containing
“.a'small 1ﬁmp of the element.'-.The glase "target! was introducod
' through the B.29 lide arm, and was supported horizontally over
i:fthe cup- by means of é “crocodile 6liph,
_ _t . then these deposits were tested with ethyl radicals,
- very little differenoe could be deteoted betueen the exposed
 ”surfgoe,and the corner proteoted by the glass cover,
h Of_theiavailablé acfive isotopes, it might be possible
;'fo'try ;29Te, whioh'has a ha1f iife of 32 days and emite measurable
¥ raya and some/8 raye, 1f 1t could be obtained in high
':1sot0pic purity
_'MEML mnmm.s

Di-ter-butyl peroxide (Bu 0 ).

"_ An aocount of the short exploratory investigatlion into
- the pyrolysis of this oompound has bsen left until the last,
faince lolybdenum oxido wae used as the detector. A resume of

"*1ts _possible advantages as a radicﬁl source, and the pyrolyais

'-”.',temperatures reported in the 11terature, was presented on p. 62
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| Modificatiqn of the test apparatus was simply _
achieved, = The sodfun reaction unit was replaced by a glass
tube of about 2-1/2 om, ﬁore. Oﬁe end was sealed to the
same line uhiéﬁ hﬁd'been used for the ethyl iodide. The
"other ﬁgé attached to the téét bulb by means of the B.29
féoint-(fig.aaa). This.tube was heated with the old reducing
| fﬁrﬁacé_ (p.n3) whlo'h is 6'5 cm.. 'long; No slit was used.
| The av&ilable vapour preesure data are meagre.

Boiling points at two pressurea are given by Milas and
N Burgenor (120), who also 1ist a melting point of -18°C.

‘-Uidely diverging extrapolat*on formulae are given by Egerton,

”Emte, and Minkoff (147) on the one hand and by Vaughan (148)
on tho other. ”hesetho @ources of ;nformatlon 1list the
melting point at =18 to -19.5°C, and -40°C, respectively.
 Vaughan's boiling point (110,0°C), however, agrees fairly well
'with that given in refersnce 120 (109-109,2°C at 760 mm.Hg.)
| _ 1f Hilas and Burgenor'a tvo results are cxtrapolated,
'we obtain that the vapour pressure at the melting point
assuming this to be =18°C, is about 3-1/2 mm.Hg. Extrapolations
-_to temperaturea below the melting point can only be relied on to
g'give even an approximation to the vapour pressure if the latent
"heat of fueion 1s-small, and therefore such extrapolatlions can not
_be'relieﬁ'on to any great extent, as has already been.nentloned in
the diééussion.about methyl 1odide pressures. However, the

heat of fusion is usually low for organic compounds, and the
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..extrapolation of $ﬁé tvo figureo of uilaé and Burgonor vas
uoed as & rough guide. én.thim basis, o VARpour presoure
of 0,15 mm.Hg. could bo ezpeétéd at about =60°C.  Of tho
tvo extrapolation formulae, that of VYaughsan gave very puch
 1ower preasures, whoreas %he other -gave preseures Jjust a
11t5le higher. -

.‘The thermocouple gauge used in the prosent
exPGriménts'(first model, ealibratea vith aiﬁ only) is not
part;cularlj gensitive ag preesure@?of this ordoer. Never=
thele@s_the'réédingé it gave w;th ethyl iodido corraapohaed
fairly closely with the pressoures to be expected £rom the
extrﬁpolat@d vépoux-pre@sgre eﬁrve, vhich, with thig substanso,
is ioreireliable in that all.experiaental temperatures vere
above the melting point (cf. p.7l ) It is therefore of
intereet to observe that the vapour proscures indicatcd for
_Bu2 02 vere only & 11‘ctle lover than the prossurco deduced

:from the ftwo poinks qf Hilas and.surgehor. Tomperatures in
 __the reé;on 0f=50° gave_iapour'preesureg of the order of
flO”llmm.Eg; Thia would geem-tb indicate that the heat of
:'fgsion'is not very.large." ?HQ results are not suffisiently
'aeéﬁrﬁte, héwever, for any'f§rm conclugion to be dravn.

The redul%g'of'thesé experimnonts are colleeted

in tadble IV.
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|  TABLE IV
_ Pyrolysis of Di-ter-butyl Peroxide

Effeot on lolybdenun Oxide

Bub o

: 2 g" EApprox.pr@se. ,?yrolyeis Conment
_|temperature} T/C gauge |temperature and pyrolysis time
% - } . m.Hg. . 9%¢
59" | .15 320 | no coloration, 47 minutes
«51 S .24 - £iret oign of blue, 30 nine.
to | . te . | 430
=48 5 : pale blue, further 11 mins.
=55. BTSSR -
to . to 470 very pale dblue, &9 minutes.
=53 o ;17.' I ,-540 target two dayo old.
' : L : first aign blue 18 minutee.
49 .2 540 | good ooloration, further
: : o ' 42 minutoes.

_ From thesc results 1% 18 apparent that, vhen due
alloumnce has been made. for the differences in pressure, much
higher pgrolysis temperatures are needed under these conditiono
ﬁh@n'thbae'uauaily gquoted in the literature (ef, p.63). At
.ftheee-prgaeures the'mean £reec path is short compared with the
'_lehgth of the heated.goﬁe,-aﬁd 80 most molecuies passing through
| it must presumably have come to temperature equilibélun with the
'giﬁss ¥alle. Tner?efogve 4% would secem that there is 1ittle

'-;advéntagé_to be éa;ned Ey uéingfthis material, as far as the .




lov 'teinperat;ure roquirement is conéerned.'
. Evenin fhe.laatlrun, the coloration vas not nearly
as intenée &8 that produced by eéhyls 1n the previous expér-

_1menta, and 1n7génera1 the appearanoe tines are considerably
'  greater. It may be that a lover concentration of methyls
ooﬂtrlbutes %o this, but on the whole it would appear that
methyls are not as effec%ive as ethyls with this detector.
Since the pyrolysia gone vas of pyrex glass, it was not pogsible
%o use the higher temperaturee quoted by ‘Lossing and Tickner
(60). It_would ‘be of interest to try this.

| A few trials with targets several weeks old, asome

but nam all of which had been used in the bean apparatus and

K may therefore have baen oontaminated vith pump 011 vapour,

- gave negative reeult& under conditions where freshly prepored
.'targets turned blue. Thie tends to ouggest that "ageing® of
' 'the oxide deposit might take place in time, although this -
vas not appreciable (1alt run 1n table IV) after only twvo

daya. o
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GHAPTER V. _EXPERINENFAL AND DISCUSSION

MOLEGULAR BEAY

: Thé-condlt;ons roquired £op moleeular boen
'--prbdﬁgtion were réviewed in Ghaptér-ll' and gunmarised on
'page 58. WAthin thoso limite o vido vorloty of desimms 10
poasible &ependlng on the ppoperties of the aubatonce to bo
: 1nveat1gated.-' For a etart therefore, it vns deeided %o
base the aeaign of the prosent anparatua on the arrangerent
used bJ Prosey cnd Jovott (53) for their measuremonto of the
; donisation potentlal of frec mathyl. - '
_ Figure 24 is a dyawing, anprozimately to ocalo, of
:_ the main vacuun chambers &n which $ho boem wae to bBe £ormod
iend detectod, "he “backimg 1ine¥, ocouree supply, and
.'“hydrogen 1inc® ape shawn in figures 25 anﬂ 26, Hn idea of
“the general artangemant may be ob%ained £yron1_ the dhotogrmphg

“in figurea 27 and 28,
During the ocourse of tnﬂ 1nveat1gatione vith this

.'equipment a number of 1nodequaoiee in design beecno epporont,
Minor modifiea%ion@ wepe effocted as they beecme NCCesoary,

d have be¢n included in the deecription, thich is of the

| apparozuﬂ ao % wnp £inelly evolved.

‘.. involve major changes vwore iof%, hawever, until suffieiond

. -161-
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'.1'e;per£enee-haa-been'acéumulated in this technique to moke a
jCompleter nev dgsign wopth-while. Fhe stage has now bsen
" preached where this is necessary; and suggestions for furthep

developménts i1l be found ih'the iaat soction.

- VACUUY BYSTM

_ . The maxlmum parmiesible pwessure 18 govewned by the
condition that’ the mean £roe path of the " gty molecu‘l.ee
must be graater than the path lengtn of the moleculea in the
.beam. ' The souroe to collﬂmator glit distance was just under
10 em., anﬂ the distance £yom the colllmator glit to the
'target was'approximately_ao on.  The mean free path of tho
‘aﬁmoﬁia mblécnléjis's om.” at 10‘3'mm;ﬂg. (fef 149, ».113).
It thia is assumed for the seke of argument, to be roughly
fcomparable with free methyl it nay be deauce& that tho
. maximum 9ermissible pweasuree will be of the ori@r of 5.10 -4
mm.dg. 41n the collimatcr ehambar and 2. 104 mm.ﬂg. in the
. target~charber.. The nwoportion of molecules seattercd oul
- of. the boam at these preesures ¥All, however, bo nigh (e.f.
'p.36). It is best, tnerefOre, to demand pressures nob
'--greater than 10’4 mm.Hg. in the collimator chzmber, and of the
;'ordep of 107 -5 mm,.ig., oP ba%ter, in the target chanber,
| ”heee pﬁeasures'munt be maintainea ageinct a

us f£lou of gos coming from the source, taere tho
-1 mm.Hg. If theeé conditione arc

.'f;éonﬁinuo
"pressura 16-to be sbout 10

© %0 be attainea, the ouﬁer envelope nust be comnﬂetely free of

: ..-_- /6.2.5



' -.'leaké, and & high pumping pate ﬁuet be maintained,

' Olass veseels fitted with *Pyrex Industrial Pipeline’
conneotions were used for thé tvo main chapbers. Tido tyse
of éqnpection has the great aQVaﬁ%ege that it ia sturdy at

-diamaters mueh w&dwr'thén.are 3osé1b1é with the coné end
aocket type of Jolnt ' Alag it re@uarss & relatively omall
'.sp&ce for msnlpu ation dupri ng aceembly, cnd connections to

' 3neta1110 sections of the arparatua are achieved with o rinioum

" of wachining.; . Nubbep ““1pe11ne“ gasketa lightly greaced with

‘811icone high vacuun grease wars found to be pdequate, The

target ehambere vag & msspiece made Pyrom two 3 in, end two

2 1n;'connectiona. Itg volume waz approximately 1-1/2 1litre.

g The'éollimatOr'chambew w88 a.10 iitre buldb, to which vere

attachsd thres 3 in, connec%ions md one B,24 socked, The

'end plates, through whinh connectione to the 1nner partc of the

'apparatus wepe mede, Were 1/4 1n._brass disce, with dicmstors
| 6 in. and 4?3/5 in. fér thg 3in. Enﬂ 2 in., conaections,

..f respactively.;' Thls-large volume'ﬁge_qhoa@h for the collimator
" chamber so that the heated source would not te too close to ite
.;walls, and glso to minimige the effect on the pressure of eny

'small inrush. of geas. $he wide connections made 1t nosoible

to aehieve one of the cond&t;one for high numping ratec, “hat

Iis the proviazon of short n&ﬁe eonnectiona between the jpuop ord

) the evacuated space.
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. ~ Since the impedance to gas £low of the clite i

' much grester than hat of eny othor part of the ayoten, tho
"problem of ealeulating the neeaasary punping opoede nmay be
'_reduceﬂ to_very gimple proportlona. Tho gpeed of an “idenll
'aéertuwe (S),‘ﬁhidh 19 1ndebendent of %the magnitude of the

' preesuro subject to tho condition of molecular £lov, may bo

' iy 3 gea.=}:
S s q 5T em, - s_cf >y

a where'a iAo the area of the aperﬁure'ih'cm.a; 11 ¢ho molosulayp

'_defined s -

weight of the gas, T the absolute temperaﬁure. ond B the gos
'constan% (in ﬂyne om.'a) Sinee the Qame rostriction applioo
- %0 the veliditJ of this expweesion os onnlieo to the fomation
of a beem, i.e. A >> ab (c. f. Pe 55), 1% 40 nosuncd that 16
woy. be gpplied with suffieien% asccuracy %0 the couweo pro8ourso
: phich will be onefun%e?ea in proctice, The opecd of o alit
 vith £inite thicknoos vAll be looo thom that given by this
-ezpreaaion.' | ' . -
| _ - The queﬂaty qQ of gas which passeo through the olit
_l frem a éogidn whewe the pv@gnure is py to ‘0 roglon wvhore 1% 10
| p2 is given by @ = (py = pg) 8, therd p 18 expwosaed in o=, 48,
. : - B eim&law expreseion holds gor the cyeva of the puop
i_(g;;{_i ﬁ,sp c g, WAOYe P 160 the precaure nt the pump head,

”f_Edr-aleystem at.equil;briun q @ill be conotent throvzhout,
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'With ’che shor% vide eonnec‘sﬂ.ons uged, p nay bs talten ao
_ appwxima%ely equal %o ps.

Phus §, =42 g,
| P2

N "Fbr deflection expe'rzments', the clite must Bo ao
narrov as posoible.  Tho dimensioaa anseuned in thio
'ealoulatzen Ueﬂb, therefor@, 3 mm. % 0, 05 rm., 1.0, o=
1.5 ..1077 om.2,  Por oir (or othyl), U = 29,

o Thus 8 = 17.5 om, I as'é;'l a8 7 = 36@%.

" Foy cource presauve Py = 1@ -1 s:m.?’(g., and pg :
-(cac»lfl.flmz:fimsz° chambep) = 104 o Bg., Ap = ~ 10" mm.Rg.
Fhus 8, = 17.5 118.se0 -1,
| x¢ vould ecen, then, thot a “Netroviek® typo O3B -
..oii'diffusiqn pump (8, = 30 1%, aec.‘l) vould Bo suffieiem;.
Undey fzhe eon@it&ons ata%oél tma puEp vould pointedin o
| Progeurd pp < AP 3'5 10"3 - 5.8 o ‘10'5 g, Be. for othyls oF
_air. _ Sinee both 9 and 8 aepem in tho ecmo vay on [, thio
pre fasu-na should be 1nd0ponaon% of %ho meloculop woight of ©ho

"'.gae..-

- , E‘oza a wﬂdep 011% (0.1 me 83 m., o= 3.10 =3 om, )
. .?.his woum not scen to bo qul %e o ontiofoetory. The nttoinablo

‘pregetro thon 18 1.2 . 1074 tm.Bg. Hovever 1% muah be

" pomombored thot the sourco sl_,ﬂ.'%f_maé canﬁl shoped,
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.r?u.':‘r, R .f]1ﬁs vould tend tevwords improving
the -veouun attoined,  ['oreover, "gold f£ingers® (P, £13.24)
wero to be providea in oach chombor.  If $ho vapeur PrODEURC
of tho gas 1s negligidble (eey < 16'7 mo.Fg.) at the
taﬁvefature of thlgp ourfooo, it hos d-verg high cffeotive
pumping epesd (6.8, £.103, p.21) ®he avercgse ovog of
_ 1iqu1d nitrogen eooled curkece 1n thoe eoiilua%@r chonboy Q0
'of tho order of A= 90 em.e. “hmm, on %ho necenption ko

evefg molooculc 1o condenoed om 1%0 £4 pa% ioppét, Shio ourfeeo

.'by L%aelf chould bo @cvable of aintcining o prooourd (los.
oit. .) of E%E o 3.1@“6 ma.ﬁgg, ovon thcn tho s11t 1o €.1 o
wiﬂe; | :

| Fhuo &%-wae'cémsiaéreé that $ho 038 punp cnd the eoid

adeguntoly vAth ell. 0600, both condengiblo

vhieh werd 1ikely %o oecup im Shs Borm.
Rnbor.

curfece sould denl

and non—c@ndenslble,
A similap @alculataon vop nedo. fer tho tovrzet 6l
10-3 on.?, pg = 10 4 o0 Ag., Pg ° 10~8 F.liz.,

Por 0 = 1.5 .
the puhping'opeea 70@“1?0& vet Bp ° 1.7 126,068 =1l Ghup he

¢ype 02 oil aiffusion pup (7 14%, cee.~L) ong DO

“Ne%$©v3@k“
1% (6] soleunlnted

a eola surfnee.
6 2.10"1 .98,
punp oile (type 703)

%han e&equato, oven n&%h@ut

. presouvo gﬁven by ghio pump O
% ves ﬂﬂﬁl&eﬂ to wao Gilicone
1 roconnendod by the nokovs,

1aatead of %he‘hydr@cnrbon ei
poocible by

1% 10 @101m0@ %hat Ia} lore? u1tluate vesuun 16

sinec
aeeonponition i€ 1owo

o 4%e wee. Ala@ 8% ie. Eowa ?eelctan% %o
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_quantitiee-of-air are accidentally admifted while %hé'pumps-
ars in operat‘on. | |
A baffle unit (I. fig 24) vag instelled betuoen
-each pump end the eh_mber 1t vas to ovacuate. ©his consisted

of a water cooled conleal coprer spiral, eoldewea 1nto the

- 1wa118 of a eopper oylinder. of 3 im; ﬂianeter, f£ittod at each

_ end with brads flangea. - The colls of these spiyelo wers

.arrénge& 80 that, és for a8 possible, the pump throat was
prevented from “éeeingﬁ inte the chamber. They wore connectod
in series with‘the pump cooling'jackété. Tho 02 pupp baffle
(not shotm) was eompletely enclosea vithin its housing, and wao

| expscted to be ?ather more effieient 1n that a coppor otrip vas
'solderca to it to make quite sure that pump oil pust striks 4%,

The DBB baffle vas loft ao a simpie spiral {n the inteyonto of

'htgh pumping rates, . . | |

| All flange connee%ions on the high vacuun side'wepe

- __bolted together. Vith She exoeption of tho junctions batuoen

o the baffle housings ond the pumpm, Unich hed O—ring seals, the

. flat rubbey ﬁPipelineﬂ gackets WOTre used, -
~ The two aiffulion pumps Uevs conncetod to a comnoen

acking 1ine (fig.as) whioh vas: exhaus%ed through & liquid iy
'trap by a two-atage rotary pump (Edwards vgpeedivae typ@ 3)e
_TW1de bore (3 @n.) &lass tublng uas used 20r conncotions on the

QBB'pqmp 11na.
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?ha 1ong tube (ehown hatohed) wae filled with
activated ‘charcoal, and was: elaolprovided with a glass isolating
tap._ This tube when coolsd with 1iquid nitrogen, served ag
an adequate substitute for the backing pump when it vas desi rad
to continue pumping, with the reaervoir shut off, overnight
and at week-ends. I¢ was necgssprw, hovever, %o replenich
the cdolant at 1egst once a‘day. Periodically the diffusion

. pumps were tsolated from the 5acking llne,'and the charcoal

“was pumped out with the backing pump while maintained at 350

to 400°0. with a tube fupnace. The temperature was measured
by a: chromel-alumel thermocouple connected to contacts 5 on the-
‘aelector switeh (fig.26a)

Pressuwe Measuremont
Because of their simplicity and caso of operation it

was decided to use Pennlng (150) geuges for pressure measurd-

ments-ln the two main chambérs.
The gnode was'a rihg of stout nickel wire. The

cathodes were aluminium. - During operation a brown deposit,

| which may be conducting, forms on the inner.walls of the glass,

'which was therefore shaped as shown %o 1nh1b1t ‘the  formation

of 8 eontinuous iayer between the electrodes,
The two gaugee were run in perallel from a half-wave
pply vwhose output was coproximately 1800 V.

he“circuits of this unit and the
. The

-reétified.power su

(nominelly 2 ¥V.).
‘aesociated metoring unit. are shown in figure 29.
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- _resietancel placed in serlee with. the meters were ohosan 80
that the voltage dr@;)for full aeale meter defleotion was

Just sufficient to cavge the neon tdbo t6 strike. The
_500-pA metew uae permanently in seriea vith ¢the collimator
1chambe? ?auge.. Two swltdhes were provided for the 100 pA.
.meter. One made 1% possibie to measure the current flowing
through eithe? gauge on %he mov@ seneitive meter vithout
'_1nterrupt1ng fhe dj schargs,or %o ehowt the meter out altogethor,

- The gecond switoh with its asaociatea mhnn% recioctors, was

incorporated 1ater to .extond tho range of both gauges %o highor

f pressures. _ (The X 0.1 range Y.
The magnet field, of about 2000 gauss parallel to tho

common axis of the slgetrodes, was obtalned by the use of a

. magnetron nagne t..

sance, in copmon with o1l vacuum ZOugen vhich involve

the aetion of ions (149), thaae gouges have a tgettoring®

action, 1t is deeirdble that they dhould be connected o tho

"véeuum by o] ehort vide conneotion 1f they are %o give a fruc

In the progent avrrengenent ﬁhe only available neono

reading. . .
on %ho

j-of eonneotion was thrmugh the ground joinﬁ (7, £ig.24)

“cold ginger® jacket (sce £4g.27). .This was pot at all idoel,

'-both boeouse of the length of the sonnecting tube uhich ©ae
osslbility that condensible
e when e trap wao £111led

foct d1d not, however,

jreQuired,:jﬂabeeguae of the p
qould not wonch the gmg
This latter ef

" paterial
" with 11quid nitrogen.
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ﬂappear to be apPreclable i the level of coolant was
,maintained a fen centimeters below the B24 ground joint om
the top of the chamber.-_ I% was not considered ndvischble to
'fmake any attempt to shorten the connection by sealing another
vcpnnec§1on intd the side of the main envelopa.

R Before they were finally instzlled in this position
| ,the gauges vere roughly calibrated against the llcLeod. gouge
on the test epparatus (point B, £ig.13). The “getiering’

aetion in a “static“ vacuum (1 €. no contlnuoua fiev of gns)

- was very mawked._ 'In quite a ehort time the pressure vas

"'slnce been found that saturatlon curren

- redueed to a “sticking vacuum“ ae measured on the lelLeod

(10'6 mm.ﬁg. or 1ess) At pressures of this ordey .the

. enning gauge reaaing wés in the range 1 to 5 pa. Therofore
& needle valve was installed 1n the B.14 joint in the hydrogen

line (see p./39), and a continuous £low of cylinder nitrogen

. was maintainea through the test spparatus, By this method the

pointe dhown on ‘the- graph in figurs 29 wvere obtaineﬁ. The full

_1ine ‘is the curve given in his paber by Penning (100,01%.).
It 7111 be ssen that esch gauge differs slightly in 188

characteristics, but that theee differcnces ore relatively

an 1nd1cation of the order of pagnitude of
This calibration was

"unimportent vhen
'the pressure 1s 211 that is reduired,

carried out before the (x 0.1) range was installed. It has

t for this arvengenent

- is in the region of 600 %o 650 pa. (~ 2 to 4 . 10~3 nn.HE.).
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" The apparatué wée,qhecked for leaks at each etage
of 1§s-erection. Gross leaks wepe detected by the change
in the color of n dlscharge, a% backing pressures, vhen either
' coal gas or cotton wool soaked vith acetone was applied at the
positibh of the suspected ieak. - Uhen no serious leaks were
‘present, the. backing pump could peduce the pressure from
,atmospheric to about 10‘2 mm, Hg. (discharge glmost completely
disappeared) in 1e¢ss than 30 minutes, - The hydrogen discharge
'tube (A, £1g,24) wes used for theae tests,  In the early
' ‘stages a second small discharge tube, run grom the "Pord®
coil, was temporarily attached to the collimator tube by the
"5.19 joint (P) in the end plate., Although, for the most part,

' . they were satisfactory, the pubbey "Pipeline" gaskets needed

i'replacing after a tlme for ﬁhey tended to become defopmed,

. pcetone was not used for leak testing on these. Buspooct
'-soldered jointe in the end plates (usually soft soldered) wera
.painted,  This uaually proved to be effective, except for the
. 24 socket on the top plate of the target chamber (£1g.24) %o
1 ‘vhich wae attached the “"cold finger", Then this was ccoled

" the thermal stressee were too great for the solder. Apleson

feotive seal in this instanoc.

@ compound proved %0 be an ef
ace arca of metal exposed

Because of the large surf

-to the vacuum the time requ&red to obtain a veally good vacuuml

- was rather long, particularly as “baking out® was not
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. praotica?le;'. Ggreful polishing of the'metallparte was foﬁnd
j to be benefiecial in this'reepact, A steady‘rate of fall in

the,Pehhing gaugé_réanng,from day to'day,'however slov, was
| takeﬁ té-indicate fhat-the system-ﬁas_leék-tight. The
pressures £inally bbtained;'aftef continuous pumping for 24
ﬁours pef day fOr”eevefél monthe; were around 3 %o 4 FA
(Nth‘6 mm.Hg. or better) when the source reservolpr was
'_closed.. ' '

 BEAM Foauamxom N

. $14% Systen o
h ,' It has been seen (Ohap.II) that narrow slite which
are not too long are requared for succesa in deflection
experimants.__ Ma31Mum beam inteneity can only be obtained if
the& aré-exéotiy-pareﬂlel;' Tﬁis 1s most conveniently gohieved

. by conetructing the 8li® sys%em as one rigid unit, with

: ?'provision for its adjustment Which can be carried out on the

bench befOre it is installed in the apparatus, The alignment
 of the eleotric field unit with the elits 19 plgo of. importence,

for the “wird'must e parallel and veny close, to the beanm,

g ?ﬂnerefore this unit must &lso ve rigldly attached to the slit

3mount1ng. For ease of 1lgnment and for £flexibility in the

.'f,control of experi-ental conditions, it is desirable that‘the
| fwiath of each elit ehould be adjusteble. In sohieving this
to ensure 'that the tvo jaus

‘A fupther

object it 15 impOrtant hovever,
of eaoh slit remain paraliel at all lettings,
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degirable, but ngt'neééaeary, féature:ﬁould bé a provigcioen
for-altgring the élit width froﬁ-outside the appoaratus
'withopt-the ﬁecegeity for aisturbing the vasuuwa, Finaily,'
'_1£'the_ca10u1atéd pump'speeae_are to be adequate, the 0lit
apaétures_must bé-the'pgedomanans, if riot the only means of
'commuaiéatiqn betweén the three chambers'oflthe gyctem.
_'With the pli¢ Jaﬁa éhemgélvea; the'best that con be done ie
to eneure that the lepkage paxha are as long as poaelble.
..Other parts of the mountinp ahould be made vacuum tight,

The Fenerel awrangement of %he system designeﬂ to
satiofy thece conditions is ahown in. fﬁgure 24, and figurs 30
is @ more deteiled ﬁraW1ng. ”he slige, taich werc similap
| to each other in constructloﬁ, wére'madé by Sir Hovard Grubb-

Papcons t.td, ~ Steméord Btainless otoel op%ical 814t jovws wewo
" Fhe slot im the

¥ho bo%%om

a%tach@d %o a brase diec»ehaped base plate.
p‘late, 3. on. wme, definod the length of the olit.
' ‘pixed Jaw was held in place by two sereus, thich aleo nold %o

atrins of spring steel whooe function wao to proso the
Phe vidth

small
%op, moveab1e jau firaly ageinet the bace plate.

of the slit t7as condroiled by neans of & emall fePow attached

This puchod the top jaw elong %the gixea

to the baee plate.
e 1%, agoinsd

attached to the boeo plate imrediatoly abov

of the amall helical spring in the top right h
the top javu £irnly

runper,
ond

th@ tenaion

corner, . Thia. spring aleo uervea to hold

ogainot the PUNNCYS, .

~173—



The eollimator slit had bevelled Jawe. Its base
plate was “eweated“ with eoft eolder 1nto the ond of a small
well Whieh wae firmly screwed by means of itse rlanged O-ring
Joint to the 6 in. braae centre plate. ' 'The source slit
jaws had flat edgee thue forming a “camal“ of “sbout 1 mm,

'depth. | Although ‘chis 1ncreasee ‘the difficulties of alignment,
1t 1e of advantage 1n that 1t 1e eaid to reduce the total
quantity of gae effueing through the 811% withoub materially
affectlng the 1nteneity 1n the beam (c.f. ref, 103, p.17)

Three small ecrewa ‘in the rim of thie baee plate fixed it to

| a braee tube which wae a “teleecopic“ fit over the collimator
elit well. This tube wae slotted along the 1ength of the well,
and @ small brass band, similar in construction to a small hose
c11p, clamped 14 firmly to the base ‘of” the well, The section
of thie tube between the two slite wae cut away to allow the
greaﬁeet poeelble'flow of gas withoux, at the same time,
reducing the rigldity. The three holes at the end of this
tube, thromgh vhich paeeed the ‘source slit £ixing screws, were
e'lotted to anow the base p'late t6 be mtatea ‘and tilted to the
required setting " The braea connection to the glaee reaction.

unit (eee p.89 ) consieted of a ground eocket to fit the B, 14

| cone on the reaction ehamber. a ehort metal bellowe for

flexlbility, and an o—rlng flange whioh wae firmly gerewed to

the back of the ellt base plate. ::'
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the appe;atte, by-trial and e?rer, until the legd movee freely
in the tube when the end plate was in position. It was then
sesled to the control system, with the bellows in slight
compreeslon, and then the wax was applied.
_ The sodium heater eurrent was lead in through the
end plete by means of—two small "Kovar® eeel units, which were
soldered in place (Q, fig, 24) : Two chromel-alumel thercocouples
'.'were provided. One was attaehed to the reaction chember at its
| . 4wgist®, the other to the source slit base plate. These Wwere
 brought out through fourlglaeS'eepillarw side arms in the ond
of a B, 19 cone (P), 1nto which they were sealed with black wax
__(Apiezon W)._ They were connected to the microammeter (flg.26a)
B _through connections 3 and 4 on the selector switeh,
. alignpent, _- | _ - '
. fhe slits were aligned, prior to aoeermbly in the
" apparatus, by means efua vérnier microscope mth a cross-wire
"~ 4n 1%s focal plane; i R4 1 had_eﬁ (X.?) eyoplece and a 3 in,
" objective, end ite overall magnificetien was epproximately (X.12).

dths were measufed-by aubstituting a-small graduated
The graduatlons were

The elit wi
,gratioule for the oross wire gratioule.

calibrated againet 8 "gteel rule vhose accuracy was guarenteed

 to be wthin 1/10 mm. in 50 cm, oVerall length at 20°C.

The 6 in. centre plate, with the slit syetem attached,

and the microeeope were mounted on a stout duralumln base plate.

The slit eyetem wae supported by the arrangement 111ustrated in
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«figure 31. The adjustment procedure was as follows:

: ~ The "travel® of the microscope was first maa?
parallel to one edge of the bagse plate to better tham /256 in,
"in 30 om, This was checked by sighting the cross wire of the
miocroscope, which was swung into a vertical position, on %o a
‘pre-determined graduation on an éngineer's square vhich was
set ageinst the reference edge,

- Small metel wedges were then adjusted under the base
- .plate until the "bed" of the microscope ocarriage was hordizontal
. when checked with a small spirit level in two directions mutually
et right angles at each end of the "bed”, The engineer's squere
was then agaln used while the bottom of the slit system support
was adjusted perpendicular to the base plate reference edge.
At the same time the microscope, now in a horizontal position
parallel to the direction of travel, was foocussed on %o a spare
brase disc supported in the mounting, to ensure that the vertlonl
" eross Wire coincided approximately with the centre of the turning
marks on the disc,- o '

The 811t system was then installed, sand adjusted so
that the tube joining the slits was horizontal, and the oross
wiree focussed on the slit, At the ssme time the centre plate
should be vertieal, The source slit was then removed, end the

eross wipre wae focussed on the edge of the fixed jaw of the
collimator s1it, which was opened wide, At this stege the
horizontal cross wire should be close to, and parallel to, the
jew edge, and the vertical wire should come in the centre of
the slit., If this was not 80, the system was re-adjusted until
this was attained, The slit was then closed down, the cross
wire was replaced with the graduated scale, and the slit width
was measured, Vieibility was improved by meons of a small

auxiliary light,

With the cross wire replaced, a further check ensured
that it still reteined 1ts previous orientation with respeot to
the slit. The microscope was then withdrawn and the source
811t was inserted, The distence between the slits was recorded.

_T?he source 8lit was then sdjusted parsllel to the oross wire
%11ted until Pront and back edges of the fixed jaw were in 1line
'with the fixed.jaw on the other slit (i.e., the seme orientatlon
to the cross wire), and sorewed fipmly into place, It was then

. closed down, and ite width measured,

Bext the lodide lead wes adjusted, The central brass
‘plate wae 1aid £1a% on & retort stand base with the slits
pointing upwards. The collimator chamber end plate was then
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"fchamber was nemoved, and the slit ass

:dlamped above'lt' A epirit ie§é17wae.uéed to check that
i bo%h Plates were horizontal and three plumb 1ines were uscd
f to arronge the- in-the deme relative oricatation that they
ocoupied vhen £ixed on to the collimator chembep.  The
reaotion unit, with only e ben¢ port of its 1ead attachod,
_Wae_clamﬁeduin position, end the stralght portion of tho 10ad
wee ineepted down the tube R (fié¥24) ané secled oﬁ.
~ Qssembly. T |
' %he suppofting ffaﬁeﬁnpk was constraucted f£rom longthe
of 1/2 in. iron rod weldedlﬁogeﬁhér:and sorevsd to the £1o0r.
This 1o most clearly_ilihstrétéd_ih £1g.28. Fwo semi-circlod
. .of 3/4 in., hoop iron, paﬂdedzwith_felt, cupported the ends of
_'the'cplllmétof chémber.-_'Thle ﬁqs olamped in position ond 1%
tas rarely necossary to distuﬁb';t, or to disconnect 1% from
the O3B pump. A'third hoop_iron'cuppqr% vaes provided for the
fupther ond of the targét ohasbep, "he attachment to the
'eollilat0r charber provided gufficient cupport at the other
end. The dif fusion pumps Vere. normelly gupported by their
eonnectiona %o the chambers, although o cyoten of rods cnd

| boosee wae provi&ed to BUQPOF$ ‘them duying aseembly,_or at

-o%hew tim@s vhen it become neceseary o disconnect theo.

Uhen the al&gnmen% hed veen completed, the ?egetion

e-bly uas 1neerted £ron

"the left hanﬁ eiﬂe (fig.24) of the eollimator chombep, The

then 1ns%alled and.bolted in place. The

torgot chambes vas

-]78—



028 puhp'and baffle and the target chamber end plates vere
then attached, and the conneqtlona mgde to them, Next the
freaétibn chambey, with 1ts cone 1ﬂght1y greased with sllicons,
was_iﬁserted from the oppoesite end, and the énd plate was
carefully placed in position, - The rest of the proccdure has
been described above (p,/76) .

BEAM DETEGTION . .
Since work on the design ‘and. conetruction of the

beam apparatue was-proceeding simultaneously with the experiments
desorabed in chaptere III and 1V, the target system wns designed
so that 1t could be used for any of the detector methods '
envisaged, It consiated of three partsi- the counter for
‘measuring the activity, it any; dffthe tgpget (C, £ig.24); the
target ﬁounting (D) vhich provided the means for moving the
target, in a vertical direction, aéross.the beam; and the
'dilcharge tube with its associated hydrOSen iine (4, fig.24,
fig.26b), in case 1% ves declded to use lead or bismuth isotopes,

-which need actlvating by hydrogen atoms (p./22).

Counter. ' . o
The counter was of a convgntion@l end-vindow pattern

" with some special features, The window was of copper foil

(fV'23 mg.cm.'g), soldered to the end of a ‘brass tube vhich

was sealed into- the end plate with.soft solder. The diemeter

beoause of the need %o
and 1ta

of th*s tube vas limited %0 1.9 om,

" 1eave voom for other attachments to the end plate,
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1length (13 om.) was govefned by ﬁﬁe denire to have tho tindow
as clqse ae poéeible to the target, The central éiﬁe wae &
ploce of-non-thoriatea tungston, 0.1 mm. dlemeter, The

glage cap,'%hroughjwhich the tungeten was seoled, was attmched
to the braeo with bleek wax. A small brese cylinder uams
vexed over this seal to give i¢ some protection, end wao
connected %o thelﬁungsten by a léngth of fine copper Wird,

To maintain thé rigldicy of ' the arrcngement 1% was neéeaoarw

to Bupport the 9Cree® end'of fhe tungoton wiée, This vao
done by fueing to 1%t e small beaa of Gilice which vas cupported
in a phosphor bronge Hgtirpup?, " Thig atiypup wooted in tuo
small niches 1n_the end of the counter immediately Belew the

| wlndow. Fne soft solder eneured that thie end was look-tight.,
The counter wae £i11ed vith 9 cm.Ng. of orgon end 1 cn.A3g. of
‘ethanol. The oharac%er&stic curve (fig.Ba) vas not idenl, but
‘wap good cnough for uae. Stanaard counting equipment woo used.

During the final oxperiments, vhen 1% wee docided to

- concent?ate on the molybﬂenum oxide target, the window end

:-wlra attachmentn vere romoved, and a gmall disc of £lat giase

- vas waxed to the. outep énd of the countey tube, %his provided

: s clear vieu of the target,

 _ Target suggg t;

_The tewpet control waa similar in i1ts aodtion to &

A detes 104 drawing of its constmuction i8

The brass eapston head formed the oone

mierometer heaﬁ

wiven in flgure 32..
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of & B.19 ground joint. A gredueted scele vith 50 equal
diﬁisions vas nagked,on.ité tép circumferénoe. Inmediately
below this,_gix fapped holes were provided for the insertion
5 of 2 gild'ateelilever which was used for turning i%. The
:_cehtral well, 1/2 in, dismeter, was thpeaded vith 40 turne
per 1neh Thus sach scalc division on the capstan head
.cOrreaponded %o 0.0127 1)1 8 diaplaeement of the target in o
vertical dlrection.' B :
_ The lower. nonathreaded eection of the brass shaft
. which scpewed into this well was provided with a slotted
- keyway.“ This engaged ﬁ&th a key in the hoﬁsing which was
gopeted to the underside of'the top plate. ‘“Back-lnch® in

- the thwead was prevented by mesns of the compression spring

' in the well, gbove the shaft. This shaft was 1toolf provided

1th ) thraaded well (6 B.A.) which held the farget, cupport.
This thread provided an addltlonal means of adjusting tho

- aietance of the terget below the top plaxe ‘vhen it was belng

et 1ﬂ'position, ond ot the Bame tim provided for the correct

) &rientétlon of the target face about & vepticol axis. A loek

 nut ﬁaa_providea'td f£ix this position once the setting had

-been made. : _
| £ target support wWere provided

aded yod vhich fitted into

Phyoo differen% typee 0

~ each attached to a length of 6BA thre
he - bottom of the micrometer unit (s0e £1g.32).
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The fﬁrst for the wdre, vas a emall hollow cylinder,
mounﬁed horizontally, and held in place by a brasa “fork“
which was presased rpund . .The ectivated wire was waxsd into
$wo émall-grooves,on the ond of this 6ylinder. Two small
‘ posts were probldéd 8o that the wire could bo adjusted parallel
 to the 8liés by ro%ation of ths eylinder from outgade the

apparatus. _ '

| The seoond.type of support for'ths autoradiographic
targetg was croes - shaped, s*milar to the aupport in the
_emanation oolleotOr (pol35)

The third was a smali brass frmne, with slotted side
pieoes;.whlch h@ld the piecee of . microaeope olide on %o vhich
the molybdenum oxide had been deposited.-
shueter. " -

o The third attaohment %o the target chamber top plate
wos provided for the shutier - a metal ”gate“ vhich could be

' 1nterpoeed between the target and ‘the beem.’ 7ith this device
.ithe target could be protected during the storting up and closeing
dovn parioﬁe or ﬁhile it was belng rotet to & new position.

This- made poaaible the estimation of the preciae time of

| expoeure %0 the bean, 8ince the preparatlon of conical ground

_'jolnte 1nvolvas much tedious grinding of the brass components,

" @ eimple type of seal, involving a greased O-ring, wao $ried as

an slternative, Wo alteration of the ”ennlnp pgouge roading

vee observeble vhen this was rotated. It was therefored
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l'._piooumed to be oatisfactOry;,. The O-ring.wae kopt in
e &omppeesion oy-meaos_of the screwed insert which bore on the
'ehiargéd section of the oeotfal'étem,-. |
-Hydrogen Line. | -
A glass tube, ending at the outside vith a B. 19

oookot,:was waxed_into a opase tnbe which\wae soldered to the
target chamber end plate. A slight expansion of the glass
where 1t butféd.ogalnst the brass tube ensured a firm jolnt,
The glass extended to the imner face of the end-plate, The
" B,19 cone attached to the oontfejof the discharge tube was
of the extended type so that there was only a smaell possibility
of the diecharge or its produots coming into contact with the
wax sedl which made simple the removal of the end plate,
The electroaes were aluminium cylindero closed at the bottonm,
| and connection to them was made by tungsten seals through the
.glass. The diecharge was produced by not more than 0,1 to
0.2 amp. at about 3 kV. A.C.. supplled from a transformer run
off the mains. _ |

~ The hydrogen supply vas con*rolled by the syatem

ghown in figure 26b, The bubbler and "blow off“_units

- contalned oonoentrated sulphurio acid, The brass needle valve

had been oonetruoted for some previous worker in this 1aboratorg.
Since it may at some stage have’ been oontaminated with meroury,
a piece of gold foll was plaood in the tupe betweern it gnd the

.two-way control fap, '_The small-glaaa-Spifal (£ig.24) was
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'.1héégted %o allbw'the.dischargé tube to ve dieconhectéd from
. the ehdplate-without breaking.tﬁe‘ﬁydrogen line. Although,
E in the end, this line was not hsed'for 1ts originel purpose,
ﬁhe dlscharge. proved useful when lesks were bein% investigated,

. ree
end the 1line was used for the admission of oxygen/nitrogan
" (0.2 £.96). |
DEFLECT ION

As 1ﬁ has turned oﬁt, the elootrostatic £ield unit
-which has been designed for the initial attempt. to deflect the

- radloal beem has not been required up %o the present, for the

 -pight ang

attempts to detect the undeflected beam have not yet proved
successful._ The following 1s_a.description of this arrangement,
' which had been constrﬁéted end vas rea@y_fof imrediate use.
N Although the condenser used by Scheffers (C.fe P.47)
mould seem to e the best for this purpose, it was decided that,
sinee pather precise machining was needed for its satisfactorw
_ -oparation, tne conetruction of a more adjustable device (fig.B})
"jwould be preferable for a beginning. . The "wire® section
| oneisted of a emall blade; with a pounded upper edge, which ‘
-was attached to e shelf by means of two jdentical. lever pystems,
‘ The shelf was to be fixed rigidly to the 6 in, centre plate

'which supported the slit system (see £1g.24, G). Two pairs

"of small set screwa, one pair for cach of theé lever eyctems,

were provided. The two goYeus ln each pelr were mutually at

les, end operated against the tension of & emell spring.
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'_Wlth theee 1t was poesible to adduat the tOp edge of the
blade eo thet 1t Wae exaetly parallel to, and running Juet
'below the central axie of the beam. - Lock nuts were provided
on the aet screvs to fix them firmly in position once the
blade had been adJusted. This part wae to have been at earth
potentlal, eince 1% vae firmly attaohed to the slit systenm,

_ wh;oh was earthed. - :

| ' The “oyllnder“ to which the potential was to be
'.appl;ed was to be a "flat® plate-1n the first place. It

wae given rounded edgee, and the ‘eentral portion on the top
surfaee wes hollowed out to reduce its welght. It was

' aupported by a metal strip from a unall bracket whioh was

‘Pixed to another braoket eorewed to the centre plate by means

| ,,of two 1engths of eilica tubing, vhich also provided the

olneulation (see £ig.33). The tubing £itted 1nto small braee
| tubes on the breokete, and was held in place by black wax,
.Holes were drilled in the flat front of the "high tension“
-braoket to permit the alr 1neide the tubee to be pumped avey.

The high tension 1ead Was to be a . long brass rod

supported in the oentre of & glaee tube of the widest possible

(1 in,) vhich was waxed into the third brass tube
By this arrange-

,diemeter

(B, £18.24) on the target chanber end plate.
it wae hoped thaﬁ the region of greatest 1nhomogenei%y

would be well away from the glaes, and the
The end

ment
. pound. the lead

danger of dleleotric breakdown thereby diminished,
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‘of this brass lead, which vas about.3/16 in. diameter, mede
“pﬁeh“-contact with the flat end'of the plate eupporting
:.bracket by meang of a small spring. device ehown in figure 33,
All metal eurfacel near the high tension components

were rounded and poliehed to reduce the possibility of break-

. 'The high voltage vas to be obtalned from an old X-ray
.,eupply ge¢ which consisted of an’ 0ll-immersed voltage doubler
valve rectifying unist, and 1te associated control unit vhich
Z(cdntrolled the 1nput to the- main trancformer by means of a
_;eyatem of selector ewltchee connected to en gutotransformer.

" As received, thejeet wes eald to deliver a renge of five
“selected voltages between 60 and 100 kV, ecroee the two output
terminels, or between 30 and 50 kV, from one terminal %o earth,

'-This was modified by connecting a Varias ard protecting fuse

in ¢the control unit output 11ne, in euch a poeition that the

r_circuit breeher 1ncorp0rated in this 11ne cane between the

Variac and the main traneformer. An A.C. volt meter, 250 V.

.'ffull scale, wae placed across the output of the Variac. In
' this way 1t was poesible to obtaln any voltage up to a maxipum

Eof 50 kv. This could be either poeltive or negative with

-reepect to earth, depending on the choice of ouzput terminal.

A meter readlng 5 kV. full ecale wase availeble, and this was
rve, of A.C.

d to obtain the beglnnlng of a callbration cu

- use
output, The

" yolts input to the rectifier unit agoinst kV.
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:g;gt?aight 1ine extrapolatea'frOm these preadings passed
.. through the expected point of 50 kY. output for 233 V. input,
"-Tﬁiﬁ-input-vbltage-had been meaeured, in checks on the control
unit alone, as the maximum autotransformer output under the
specltied operating conditions. B
Thia high %ension was: to be aupplied to the lead on

the apparatus through the oiroult ahown in figure 34. The
two rsslstors were of the 11qp1d typs, made by Mr.D.Hall
‘ according %o the directiona of
-__'”Gsmant (151). Two £1at prperetes
'piatinﬁm-éleutrédes,

g-pewpendicuiar to the

_direcﬁion of current flow,

wepe sealed 1nto opposite ends 5_934-

 .rof a glass tube. This eontained-a central side-arn for

filllng. After £111ing, this side arm was ocorked, and vaxed

ovep, The 1ength of eaoh realetor was 30 cm,
The "1ine® resistanoe, 4n a tube of cross seetional

arem_of about l.em.a, qontained 22# ethanol and 257 phenol

The "blesder” resistance, in a tubc of croas

(by volume).
contained 11 ethanol and 255 phenol.

'seetloﬁal aréa 3.8 cm.a,

:Eédh soiutlon contained 17 picric acid, ang was nade up %o 1005

3t was found that care was needsd to

he solutions wWere

by voiume with benzend.

ensure that. all componente were dricd before ¢

Tha registance of each unit was caleulated fyom the

nade up.
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B meaeufed currents'at'a renge ef voltage drope from 1 to 5 kV,

"All conneotiona were made with “oo-axial“ cable, with P,V.C.
_1neu1atlon. The reeletore were mounted away from the wall,
in a fume cupboard, on “tufnel® etripe.. Thle insulation was
“not adequate, hovever, at 30 K. _ B

- OPERATIONAL TESTS |

" Pumpe and Vaouum,’

. As sach stage of construction waes completed, the
apparetus was continuously pumped for at 1least several Qoys.
A steedy fall in the Penhing gauge readfng was teken to indicate
-ethat no leeks had developed (c.fe Do 172),

Further, 1t vas poeeible to oheck ﬁhat the pumps were

able to deal with a continuous flow of gas as soon as the plit
| Ieystem had been. 1n|te11ed ' Alr.was used for this purpose, and
the "cold flngera" wore left at room temperature. The readings
_given by the two Penning gauges were obeerved for varying
"“souroe" pressuree, as measured by the. thermocouple gauge, at
several different slit widthe.

For this test the source oonsieted merely of & tdbe

| attaehed to the bellows behind the source slit. _?hie was 1ea§

out thwough opening R (fig.24) end connocted to o flask of
1 11tre capacity to Jhich was attached the thermocouple gauge

(firet model). My was ellowed to leek into th;s £1ask through

anﬂ its flow was controlled by a top. - %he

8 £ine eaplllary,
fests capried oul

external s1l% contrels (p.l?S)vwere ueed.l
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_ 3 Toarget . |
Souprece . Chanbeor +  Chombop 3 .
. - mm.HE.: : I i Comment
pp, | omo Bz, } pA, § %100 L pa, § om e,
6| 5 81| 6 14° | <107% | slits almost
| g - o4 46 | 12; 1? '] n | olosed,
3 .38 4 | 16 o (~ 0,01 mm,)
9 | .2 520 | 2 16 | @
12 | 1 22 | 1 16 |
8 3 69 54 19 | < 1072 gource 6li%.
9| .2 B 6 i 4 - | open 2/3 turn. |
10 [ .15 &4 | 5 1 0 (~ 0,04 mn, width
12 49 4 118 4 coll,01i¢. oren ¢ tupn,
14 | .07 37 | 24 118 | ¢ (~ 0.03 um, width)
171 .05 - 29 1.8 17 a
21 | .025 20 | 1.8 |1 .,
g Y S 270 | 85 1 <{10=2 source clit
 «3 180 | 15 18 ‘s - | open pnother & tura.
- 10 15 120 |12 A7 a coll.nli¢,
11 .13 110 | 10 1 LI open another § tura.
12 91 86 g 1 ’ 9 - (N .°5 Bﬂ.)
13 | .08 75 : 20 | 107 -




;whbn'the slite were being alignea'ehoﬁeé'that only o .wvery

" approximate . 1&9@ coula bo grined of the elit vidthe actuslly

) :'used in this eerles of tests, |

5 ~ The w@gdlts, vhich ere shown in Teble ¥, indiecte

| _-tbat the obsepved Pressured groe feirly well with thoso te

szbe exyeeted from the puBp speed oalculat&ons (p./64). A%

~L_this otoge the target chnmber haa not be@n pumping for VOry

'-Iong, and thewefore the praesure maa 5%111 rather high, %he

.; preseurds obtainod at %his tlme fop no - gae filovw were

N 'Gollima%gr chambsr, 4 to § pA (fv 10'6 mn. Hg. ); Targot

" Gheaber, 16 o 17 e (< 109 um.Hg. ). - After coveral montho

qumping, both grugsde eventually gave reauinge of £rom 2 %0 4 PR

© . 1t veo thereforo assumed that the slito would be

B _sna%iafactorw. end that, with a>condeaslble ges in the syotom

L a and the “oold fingerm“ at 11quid nﬁtrogen tomporature, the

ff prseeurel would be suffieientiy icw Lor satisfactory boan
prodnotion.

. choiee of Etgg_rxodm&e. |
| All the eubeequent %eats weve ©
and ethyl jodide in the prsecrvoir.

arvied out vith the

'reactlon chamber in pooition,

This compound Wae uged in theﬂe initial expevimen%a in

preference to msthyl ioﬁid@ for tuo major reasons.

Plretiy, the mogt aatiefactory padicol detoctor of

; ‘thoeoe triea was molybdenum oxide. ﬁherefOre. since this seomed

e %o e%hyle than to methyls, n search £for O

A\

- %o bo more sensitiv

—189-



'b¢gm_of.ethy1'padicals would have more chance of sucoees;
L sec_éﬂdly, the required source pressures wero of
the ordef 6f_Q.1 to 1.0 mm.Hg. ~ Ethyl iodide cnd me thyl
iiodide'have an equiIlbrium.vapouf preaéure of 0.5 mm.Hz. at
-63°G:! and spproximately -8200,, respectively. At theee
tempevatures, methyl iodide (M.P. -64.450.) 48 golid, ethyl
‘fodide (f1.P, -105°C.) is 8%ill 1iquié. Therefore othyl
‘fod*de ig the more reliable for preliminany experlmenee on
‘vepour pressure control. |

‘811t Alignment.

| Refore any attempt_at padical production was mede,

the_siit system wae'furthé?-%éated.by an attempt o forh &
__beam of othyl fodide, Fhis ves dotected by o convontional
- condeneation target i . |
| A deposi% of platinum, obtained by Opupning in®

" govepal successive applications of ”Liquid Bright Platinun®
gsolution, wes fdrmed on the lower portion of the target chambor

cold finger (o.f. ref.106). A thick layer (approZ. 0.3 to

-.:_6.5 mm, ) of'oopper_WQa electrbdepositea'on this, and poliehsa

,smootn_wlth fine émery paper. A piecoe of siiver foil wao

£irmly attached with soft aolﬁer %o & coppor backing, and this

composite plate wes ooft-aoldered to the copper on the cold

finger. in thic wey good thermal eontaet botueen the cold

finger and the target ves aeeured
| given a high polish with retal pclleh which vas

fhe silver gupfnce vae
rubbed on in

.2./90 -



':éuch a way that any faint soratch marks ﬁere porpendiocular
to the 1ength of the expected trace, '.

: .' The dimenllons of the trace were caloulated from
the geoﬁetry of the apparatus. ‘Although it meant placing-

: .é greét dea1'6f relignce on the-coliinator chamber cold
_-'fingef; the slita ﬁere set wide (.10 mm,) for theee exploratory
h expérimehts so that a more readily visible trace ocould be

'”obtained The dimenslons were:- both slits, 0.1 mm, % 3 mm,;
| distance between the 81i¢s, 8,41 cm,; ocollimator sli% to

'f.target 17.7 cm, Thus the 5umbfa" shou}d-be 0.1 mm, x

© 3 omi, and the limits of the "penumbre®, 0,52 om, X 14.9 mom,
'_Theée'figureé asaume that-the-preaﬁupes ave 80 low that
| soattering is negligible, o

| | The glass walls of the - target chamber vere streaky,
:wefe hot uniform in thieknees, end wepe of variable ourvature,

'papticularly 1n the- region vhepe 1%t was desired to view the

.'-targat. ' Gonsequently it vas not at a11 easy to see the trace,
“ ané:ahy ﬂtimes of appearance“,havs very little oclgnificance

J;siﬂce fhé deposit was probaﬁly Qerg-thick before it could bo
fdistlnguished from the streaks in the gless vith any degree of

certainty. The observation of a traea was considered to be

_'-confirmad if the “trace“ disappeared when the target was

“::allowed to warm up %o room . temperature.

After some prelininary trizls, in which it wase thought

...fhat a trace was probably being obtained, and wh;oh confirmed

-/917-



TABLE VI

. L L = —CoIl. | Targe®
| Reservoly .Boureo t  Chombey Chembey
L ?.C.zenge L Penning { Penning
— qequil, f 1 3 K Cocment
.QG._ v.g. Pﬁ.o mm, HE. PA.':E’&.H@.:M. nn, f1g. .
- Smm, I3, 3 3 -
-89 | 0.033| 28 | 0.004 g | 7/<10°2| ao_coolent in
- ;;L.o.y 26.3| 0.00 - o cold fingera.
=66 0.38 | 17.5| 9.023| 25 |2.1072 }( o
<63 | 0. 12.7] 0.05 | 47 [4.1072| 7| ¢
a-—-—-p—-—---e.-'--—-'4--::—-:——-;-&- --------
<64[0.46 | 11 | 0.065| 56 [5.1072| 3|"sticking® coolont in
1 = ‘- 8.3 0.09'| &8 [7.10 31 ° targed
~60[0.65 | B.7] 011 | =) - | =f - £inger only.
- e o o o G e w P = - n» am ok o mm o e S ms @e oe aee
. - 19.3 -0.02'_'44 | .10’5 -| = no eoolant.
- - .13.2|1 0.04 | 74 1079 -| - sarget Penning
=64 | 0,45 | 12.5] 0.05 | 70 5%;10‘ -| = ~@isconncetod,
-63 | 0.50 | 10.2| 0.075| 5 08| -| - coolent in both
52013 | o o1 | 86 7.10°5 | 8|<107%| s heoted
s : ‘ I . no coolent.




- that tﬁe ﬁarget chamber pressure was never more than 7 FA.
( A110'6 mm.Hg.) even when the cold finger was a% room
temparature, a final pun was carriocd out with the Penning
gauge ‘disconnected from this chamber, and the connecting cone
blanked off with a sealed off sockef. Thus it was possible
' -tozéw1ng.the conaensation'target pafallel to the chember wall
_  when'it'wae desireé to.obtain & close look at the trase., This
¢ime 1t quite definitely sppeared 50 minutes after liquid
"'nltrdgén had been placed 1h the trap. The gouprce@ proéssure was
gteadily 1noreased from .08 to .13 mn, Hg. during this period,
The trace vas approXimately of the expected size (1-1/2 oB, =
1/2 mm.), "thickest“ in the middle and "talling of£? at the
edges, and.waa, as far as could be juﬂged in 1ine with the
-a}its, It disappeared when the target was varmed up.
| fhis, therefore, wes tekon to indicate that the slito
' were in reasonably good alignment and. that as far ae beam
s productlon wase concerned the design was satisfactory.

_ At the ceme time some further information about the
pre..ﬂsura relat ionchips in the apperstus was obtained. gome

'sgmple figures are coliected'in ?ablg ¥I, Those iliustratbe

very clearly the effoct of the cold fingers on the chambsr
and the selationship between cource preogurs cnd

Further, it 18 %o be noticecd

pressures,

collimator dhamber preosure. -
as-indicated by its temperature,

hermnocouple

'thax the reservolr preasure,
| is.much-hlgher than tho pressure glven bg the ¢

=92~ y



-3?“85 (second model), vhich 1s situated nearef to the slit,

o _This differencé-Seems to'bc much greater than would be expected

.3to occur as a result of the gas flow, However, there is
'another possible factor. whi ch muet be considered. The

'-peservoir thermocouple was situated in a well on the outside

- . of the veoael in the vacuum Jacket, and near the heating wlre.

- Thus the recordea temperature 18 1ikely to be higher than its .
true value for two reasons. Firstly, the liquid may well be
1*cooled eomewhat because evaporation is taking place fvom its
"surface, and secondly, the relatively poor conductivity of the
'_glaas nay well-result in an appreciable temperaturse difference

lbetween the liquid and the thermocouple.

' The new model Y.oTo thermostat (c.t. p.77) incorporated
.modificationa which should overoome these objections, '

- Radical Beam, _
Flnally, 'a number of attempts were made %o produce

' a eam of ethyl radicals ‘and operationsl trials of the various

*‘possible detection " methods were corried out.
Qnite apart from the apparent non-linear decrease of

l”;actlvity with time (o . p./24), the wire and autoradiographioc

methods were shown to have severe practical dleadvantages.

Flrstly, a fresh target 19 reQuired for egch experiment,

' Pumping muct be stopped, ami air at atmospheric prcssure

rven when dry oxygen

introduced eaoh tine a target i g changed.
n® 1ine (£1g.26D)

"free.nitrogen is 1ntroduced along the *hydroge
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during this process, e minimn; of 8.to 10 hours (2.0.

- ovornight) is veduired to peaeore the vaocuun to o practieable
level. ”herefgre it 10 h&ghly desireble thnt ¢the choosen
_ﬂe%eetow ehould b@ oapable of measuring the beam fprofile?

ot least throe A five times bafore a2 new one 40 roqui red,
60O thaﬁ_aitewnate moaeuremen%a, undcy othorwiso conotcn®
conditions, 6an bo mode on $he, besn vith and i thout tho
imrooition of thé @ieat#ﬂs £i018,

The exmeriments aeaeylbo& in @haptor IV o0 not in
a&eagr@oaen% with the previous WOPKOPO i¢h vieiblo d@p@ﬂi%s,.
vho claimed that hya?ogen trentoont of leaa or biaomuth io

necegsmry ‘beforc thece motels ayo a%tacked by rodicolg. FBiO
36 o fupthor 816advantoge in moleoulor beam vogk, for

comnaﬁmﬂively lovrge quan%i%ﬂes of hydrogen oro noeded %o

| pmﬂuee o dioehergo (~ 10~Y to 10~2 mm.Hg. at loast), ond tho

pumps %ak@ fa\] loae% 15 to 20 minuseg to rostore the voouuz,.
Fhe vire technigue has tho furﬁher ai oadventoge that,

4% & weliohie poek Ghmpe ic %o be gbtained for the bocn, the
oipe must be very neorly parallel %o the clits. Zhis con omly

be done, with on approcaoble ozpen&iture of tirz, by a sarcful

- optical po-plignment soch time o £rech Ulre 4o nounted ia 31%0
holder. _ _
' .. Foy these reeaona 1% . waa aecided that o solatively

xi&e doponit (annroxiaa%ely 2.1/2 on.

“lopge orea of molybdenua 0
ghe beot chrnee of

agquara) vould, of $£ho deteeths‘tr&ed, offer

-9t~



L

'eueeeee, provided that it could be protected from any
possibllity of contactmwith "hot®? o0il molecuiee from the
pqmp.- 'From ten to tuelve parallel traces could, if required,
. be fornmed e'n ;he one target simply by rotating the capsten

~ head on the target micrometer each time o £resh seotion of

" target was requlred.
' A nunber of attempte were nade to obtain a trace on

this type of target but without success. From the experiments
‘on the test apparatus (p./53), 1t was deduced that o dotectable

_traee ehould have appeared in a maximum exposure time of 7 houre.-
" An account is presented hevre of the laet of these experiments

" which wae earried out.

, With the shutter cloeed thus protecting the target
from the beam, the following conditione wore establiched, in

the order 1ndieated'
1,,' with the ethyl jodide tap closed, the target chamber

*preeeﬁpe_wae 9 pA._( Af6.10’6'mm.ﬁg.), and collimator chamber

'3 pA, ~ During this time the reseyvolr was brought up to the

“1_required temperature, (v -61%¢., i.e, ~ 0.6 mm Hg.)

2. The godium (freehpeapsule) wae then heated, until a

good pesonance wae vleible (ﬁv 29000. at the “walst? of the

' pemction unit., The ‘sodium wae probably appreciably hotter

than thie)

3, The reeervolr tep was. then opened, 7ith the reaction

then proceeding, the pressures were 9 PA., target chamber;

195



66 FA., oollimator chamber (/v 5 10~ -m.Hg.). " goupce
?

,* 4{ ' Liquid nitrogen wes then placed in the cold fingers.
(Only a few oentimeters height was maintsined in the collimator

'.Tchamber trap), and ‘the beam shutter was opened,

';;;_been provi

During the following period of 7 hours, the conditions
~__f1uctuated between the limits- ' . '
| Target chamber, 1-1/2 to 2-1/2 pA. (“stleking” vacuum)
' collimator chamber, 49 %o 57 pa. (3. to 4 times 10~ 5 mm,Hg.)
Souree preesure, 0.13 to O, 15 mm, HE.,
_ Reaction temperature, 280 to 29000
conditions 'of sodlium excess were continuously

,malntained. A very heavy depoalt of sodium iodide formed in

the reaction chamhar. No eign of a trace could be observed.

in a previous experiment a sample of molybdenum
was suspended on & length

£ the B.10 braes

oxide, deposlted on a metel eurfaee,
of stout wire which was sealed into one o

Iground joints 1n the collimator chamber ‘end plate which had

ded for the slit wldth controle. Thie "target? was

_ arranged ao that it could be moved into a position gbout helf
n way directly between the" two sllts by rotation of the joint,

é 1ntensity of moleculee 1ssuing from the

at 1east thlrty, times
No blue

':At thie position th

 -source ahould have been(26) , 1.€.
at the target position.

'greater than the ‘intensldy
| observable after 3’1/2 hours

1oration of .this deposit was



radical production.

o It may be %hat, slnce the 03B pump baffle was not

very efflcient this depoeit had been de-sensitiged by oil

| vaponr. However, vhen these observations are conaidered in

the'light of the mass spectrometric results published by

-ILoleing ana Tickner (60, c.f2, p.66 this theeis), it 10
apparent that there is a much more fundamontal cause of the

-failure to detect ony radicals. . In their,gppara%ug, theao

.“authora made provision for separate pumping on the soursce

elde of the s1it end found thet, if the rate of pumping vere
‘too low, no radical products of the pyfolysis reaction were

detected, They found, moweo?er, that the presence of a

' earrier gas was esseéntinl 1f A suff iciently high flov vate weye
. %o be maintained

Fraser and Jowett (53) have publiehed an account of

'an attempted production of a radical ‘bean, Although %hey

' used a carrier gas, their eXperimental appangenent vae in all

other respects comparable vith that described in this chapter.

That is, they used a conventional molecular beam source (vith

' no provision for its separate pumping). it 48 of intercat |

';that Hipple and stevenson (61) have remarked that the
's beam must have been very

-"f proporﬁion of redicale in Fraser
| 50) have

1ow. The attempte of Kistiakowshy o co-workers (

| -jalsé_been hampered'by the bean.

low radical concentrations in
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B . It has recently been'legrnt (152)‘that over the
'-yeaﬁs,,other_(gnpublished)-attempts to,produoé a8 radical becm

| have been madelby J.H.Biménﬁ'hnd_his.éo-WOrkers, and by

) ?,E.Phipps, working in the University of Illinols,

" PUTVRE DEVELOPNENES R

Although 1t is not ablolutely certain, it 18 very

llkely that 21l these expepimente have_involved the use of &
-conventional moleeular beam source._ 8ince Lossing and
Tickner vere able to measuwe & beam of 1onieed redicals quite
_ easlly, it vould ceem that a source arrangement similep to
theirs could be applled to the- production of o beam of neutpral

| radicals with somé hope of succese.

ginoe the nresent daeipn, with the source conpletely

_1nsiﬂe'the reaction chgnber, maxes extremely @ifficult the

provision of both: separate pumping end & supply of carrier gas

'.'oéer the sodium, a'oompletély new design, of thie nelf of the

apparatus at leaet is necensary.
Figure 35 ie a section drawlng shich 11lustratos the

~1inep along vhich the new design might be developed. The

-'souree thould be outeide the apperatus. Tats facilitntes the
-.conneetlon of pumping end carrler gas leads, ond ot the acme

time permits the dipect distillation of sodium into the sodium
o unnecessary. 1he constriction

chamber w11l help to inhiblt
the dietillation. The

ehenber, thus nelking the ocepsule

vetveen thie epace end the penction

-the spreed of the sodium deposlt during.

=[98 -



space between the outep walls and the co=-axial iodide lead

, at this constriction can be .quite narvow, as the flou of
‘carrier gas will help to inhibit the back diffusion of the
lodide. The oylindrical symmetry mskes move oacy Ghe
. provislon of uniform heating.l 'A”conVentibnai tube heator
' may b@ used for the sodium chamber, and an element cut from
n;gprome shee% similar to that used by Lossing end Tickner
(60),'may be uséd to Keep the reaction chombap Uaynm,
'Observat’en of the sodium glow is poseible through the clear
_space near the sllt, It is recommended that the souree 814t
-4tcelf be of glass, elnce mest netals geen %o be more officlent
_.'wecombination catalysts than thie ma%erial Tho method for
construsting a slass s8lit hao been desoribed by tipede (114),

Phippl & Paylor (153), aud Johneon (144). The re-entront

mounting of the alit mgkeg 1t possible %o place 1¢ close %o

the’ position of meximum padical intenoclty. It vill, however,

i be necesaary to carry out some enperimenfe to investigate whother

it becomee blocked by sodium gnd codium 1od1de doposito., The

carrler gas should holp in this relpsot. It 4f proves

1mpossible %0 avoid this depoeition, one of the oyrolysis
ods (p.6/ ) must be given furthe? concideration,

produotion meth
As chown tmmedintely

The conneotion to the Bource pressure gouge

adjacent to $he reaction gone,

‘7he 11luetration shovs a
This permits adjustment of the oli¢

ground joint connection to

- .. the collimator chember,
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L to, én approximately horigontal poe;tion before the glass

"-_conneotions are sealed on, 'rt is desiréble, however, %o

-.'make provision for fixing the two sections fipnly in place
once the adjustment hes been made. Black wax mey be sultable,
1for 1t 18 likely that the llquid nitrogéﬁ cooled éondense? will
' keep the whole collimator chamh°r felrly cool in this design,
- It 1s suggested that the eollimator chember, and
condenser, should be conetrueted of metal. - The cylindrieal
| bottom of ‘the condenser, with ite,central canal to allow the
f_-passégé-of that pért of the “pencil“ fequired fopr the beanm

| formation, ghould prove to be muoh more offective than the
type used 8o far. ~ In fact it ahould act ae a "fore slitl
* (cif. ref.103, p.22). .

' The Penning gauge conneotion could be attached o

the_eide of this_chamber without much diff;oulty. It is also
reconmended:fhat the shutter be introduced info this chember,

| . well away from any poseibility of interference with the

defleoting f1e1d. If it is placed between the condenser ond
the collimator e1it the deflected molecules would quickly be

o :éonaénmea. The O-ring type of seal (fig.}é) should suffice

for its connection to the external control handle,

The metallic sty-uct.ure of this chambaf should provide

- a8 auffioiently rigld mounting fow the alits, It is desirpable,

| . however, $o provide for the adjustment of the collimator elit

" both by rotation, and by its bodily movement in a vertioal
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direction, This qhquld'také-ca}e of any possible variation
in the construction of the glaes'sourée 81i%.. Allgnmen% in
- horizontal direetion (for horigzontal 014ts) is not g0’
critical A poaslble method.of aehieving these adjustmente
18 111ustrated. ‘

 For immediate DUrposes, the target chonbey crogs-

- piece alwoady 1n use could be employed although tro cdditional
;eide arng would be of adven%aﬁe = one fop 2 chort Penning gauge
attachment end onother fOr a completely separate point of entry

for the high temcion 1ead. A8 a final eim, 1% 1o recommonded
" ¢het the use of.rubber gosketo. should be avoided where possible,
for.they tond to teke a pornanent “set”'after n time, ond are
.'ia possible goupce of sulphup which could be the explanation of
“%he hegvy brown coating obaerved to develop on coppey surfnces
':'exposed to the vacuun, JiN glass targes chambeyr 10 dosirable,
g for 1t offers at the eame time-good-inculéting proporties and
a.cbnvenient means of watching'foé the development of clectrical
breakdbwﬁ vhen the high f£ields are erployed. .
o . %he mélyb&enum 0x186 detostor i1l probably suffice
for the prelihinary ottempts to obté1§.a gsufficieontly intense
beam of ethyis with this new epparatus; - Thie deteoctor has the
'dvanéége that, with a'aufficiently-lbng éxpoeuwe, a trace should
eventually form, and would be sufficlently stable for photogrophic
.Tpeproduetion. . However 1% is deelrable to aim oventunlly for a

'.moveiquantitative type of detector.. Prom the exporinents

20/~



| described.in_dhépter IV 1¢ aeema.ﬁighly 11kely that
~f_ 1sotoplcally pure radio-elements w11l prove to be unsatisfactory
Ibécauéeidf the sparse distribution of even a highly active
; deposit, 'Isoﬁbpio dilution.should {mprove the "linearity®
"ofltne'getector 1f this 1nterpretatiqn is coireét but would,

at the same time, reduce ite-sénsitlvity to a point where it

" . may no longer be of advantage, for 1t would seem that dilution

by a factor of about: 105 is neceesary (c f. pp./09, 128 ) %o
:obtain a 1ayer of one molecule average thickness, even vhen
z the deposlt is formed on the very small surface of a thin wire,
It is the writer's opinion that the best type of
detector would probably consist of. an arraﬂgement'slmllar to
the igniaatioh chamber of a mass sﬁegtrométer, followed by some
| ,very-éimplelform of maes anslyser. = If this were placed behind
8 611t which'could be travereéd'adrose the beem, the resulting
 ﬂbeam peak ahape could be plotted from the lonisation current
-arising from methyl (M/e = 15) or ethyl (m/e = 29) as required,
B The -di stence of traverse. need not be more than o few tenths of
‘a millimeter, énd thére wquld be no need to open the epparatus

%o th'e atmos'phe:e at all, excépt when the source required cleaning,
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experiments earried out duping en 1nvest1gation of the problen
of estimating the dipole moment of free ra&iodle by the
molecular beam teehnique. '

A numbsy of possible detectlon methods wvas tried,
"'Of'thegé; a deposit of molybdenum oxid¢ smoke wns tho nost
isu&céagful fopr the ae%éctioh of othyl yodicsls., The use of .
-1sotbpically_pure'radioactlve elements, aithough copoearing %o
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' by the atomicelly spaprse natupe of the deposit

A moleeuler beam.apparatus was . constpructed vhich,
-although cepable of praduclng begrs of etable rolecules, was

- no moye successful for the production of e been of rpdieals
' then the attempts of prevlous warkers in thie field,

In o recent paper, howevew, a new type of gource has
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;,of radieal fone in & maas spectrometer. Thie souxce differs

".-from the oonventional molecular beam gource in that 1% is

”_provided with a aeparate-pumping 1ead. In this way'a high
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