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:Bt.fe·ot ot !olu.•n" on 11tuia Ke•OUPTt All appa ... 

atua is d6sol"iae4 ltb.ilh pefti ts ~• rn,e,as~«a.e1nt •t 
the pb.oto•el•o•1• emtsaion and ~•sb.o14 ffJ'I' ~• 

me.tcnu,y o.o:ntam111ated with ptllli$ toluent 'fa.pcth Xi; 

was tou:44 th.at the 1'a.pt)tJ· ~ $Ball amount• ot \\o1• 

u.••• hel4 at ,ne t•p•nw, ot Uqid,.d air potu••• 

ttt ap~eoial,le etteot a the pbeto-♦1eot~io . ll~YiO-S-

•t ~• liquid met-O\UT• \1b.$lt; htw•••• tol.1:tene 

1-apci- tt oon,!d.e.raltlJ'hlll\u i,Peasutes (Im Qld ao 
mm) ls introdu.♦ed. into the photo•·O•ll,,, 'the s•sitl1'• 

1t," 1mmea1a.ttlf uu,•easea • .ud the imresholci iuaed.• 

ie.tel:y ah1tts lOOA toward 1he •ea. , tni• ein in 

\br&th&l4 ls th• &am• t•:. 'both ot the htsn• p.-ea;.. 

aiu-et utl 11 independant f/Jt· the tuae that bh\t va~ 

11 reta1ne4 ia the phot-o•tell. 

4 ·•a~ s~taoe whioh ua h$li lt,•tamina'te4 wltJh 

to1uce ♦a.a 'be bl!iottght limok to .tt.a nGRal ,'.l,dla1'i.otJ 

tot«, ~• mu~ amp3:y _,. f .f)mecd1tq .. the pil<>to•t.~n 

w1Ub. th• 1icftd.4 «ll' ba): a.at ,._,,,,, U¢l. wtt.b.out uh♦ 

neo$ss111· ot il'$tiattllbg •• a@«UST•· ~• i.,_. tf· 

1--•·tuftt to nomal behtii'fl.ot· •~i«.t )'.$twe.n 1;\ t.ew mt. 



u\e.s and several dafaJ the time ~ner.ea,sea ho.th ::with 
. ' . ~ 

the ~•s $U.1'• et the intl'ti4u<a.td va,o;, .an~ ·wt th .the 

time that the vapoJ' is held .. ill . $be oell beto~• ~~ 

ug is lie~. 
. . 

flt• inltd.ffl!un te11 .•oltasf!!t requ.1:t,e,d totw a sa~.ated 

pb.otq; .. .-u,:r.re!lt is ltleeased •r ~~· in.~"d.u,ltion ot· . 

vapQ:I -tntio bhe tt11 .v .'b,- -~ tnna.tl~n. o:f an. a6.S~fll• 

ed la:,•7 Cl)f V$.~ 0;B ._, -•~OU1'1 • 
:itt••~ c,t '1'em;!e~atge i!->n S9:1:ld\ Q~ i!:f1'1U._ Jle~egn:1 

4Pl)~atus t~ inee..sUl"ing 1;he ;b;ot.-~,lee.~it e0ii$1. 't.iViittJ' 

at dtt.t·erent tmnp~Patul'ea j$ 4osott1"ttea.. '-he t".ange. 

ot t .e.mpos.~~e• waa -.190<> to 2$0 • . Jto•o-oaat:t:o 
light. wu tuiei .aru!l b:oth the ,:n,ns1t1v·1,,-- atid t~e:golfl 

wde dotei'miae4 t0:,., .V.iQttS i}empe~a~es Ut int, .;r;,aqe. 

fhe th»esnold 1$ ~dttl)&:rtliUt of. teittpf~atu.J,rih At !-OOll 

'hentpeJila~e ft ls 973$ 1~ whf..th 1., an indepen&aat 

.oontt,ma.tian. ot ime va1ue eetal>.l.te ed. . edl.le,- ~7 
' . ' . . . ··, 

ltat:da and. 'b,- Bale$• At . t~p~ .. a~ea betW&eut • • 190° 

e.n.d ,.39t; wtu,i-e the •~t)uJi1 . is 1%1. •~ so1i4. Pla.t1tse,. 

the ~eab,()ld is . at 2'50 25A• .· 

fhe pnotQ,.,e'l).sit:ivitr ot .solid m~..,_~ ,~. hl._. 

than that of. liquid m:.-eu17, tm,t i,t '19$.S not v

with t~~Elt:UXie i:o. th~ J"eg~oti l>e.low •3~i0 
• Tb.$ 



1n•tteased sensitt•ity, without an ae·e0mpan7ing • 

ahih• et thPeshold. tow,u,fl the ~ed,- 1$ a'h\litl>u t&d 

to u :tn«r·ease itl. the ol)t:1:lt.l abso.-s,ti•ttri o•eu•• 

i1a11 When · the meJ1'~7 ch--,••· ta-an the liquid to •• 

•ol!d phas,,h Net. . evid~n.•-• waa ~btatned ot a .fta.ns·e 

in the t17stal st?'U.ttu:t't et solid nie~euJ7 in tl1;e 

Pegioa et temp•rature11 invest1gat$d, 





tN:fRODUOTl0!:1 

The object. of this investigation was to establish 

thEf ef'feet on the. phot.o-.electr1c e1ect;r;,o:n emission of 

mercury when tlw surf:ace of .me~c~y 1a oontru;n:tMte4. w:t,t:b 

to+uen.e vapor, l)u.nn (-1) P..l)d l!$.le$ (2) found that me:rcury 

c.ontara.inated vritl1 stopc0ck grease hid a much highe:t- photo8 

sens.it1v!ty and a. lower wo~k fun◊tion than had pu.'.t'e me:rc~y , 

Poole (S) obs.erYed ·*· sim:J.lal?" ~e~ul t when merc1,1ry v,Q.s eon•· 

t am.1n$.ted. with be:niene., 

ob1H1~V1e1"$ working w::tth v ·1;u.>1·ioU$ n:et·al$ indica:te that certain 

o:t>ga.nic su'bstano9s te:nd to i'.noreaae the .photQi~sensit!vtty 

of motal~ and to shift t heir photo~eleotri~. threshold 

toW(U'd t he !'ad etid .of tb.e ?:Jtl.Otl~'tml- . 'fh1.$ let\ to the pre-8i!i.nt 

$:budy with tioluene, n6n5cR3 ., wl·11el?. ia t ne $econd mel,lber.(;)f 

the b.~.nsene ~ePie$, ben;ene 1 t~elt' .• being tl::i.e ,ff.~$,t,:~ 

It :i.$ noYt genez-,ally conceded that the photo•eleetr!c 

activity of a. p1.u:-e metal is @.n intrinsic . property of the 

metal it$el f and that the eonfu.$irtg and con t;rao.icto.ry 

~esu.lts which a:r0 so oft en met with · by vrorkors i~ this 

fie l d are due J.argely to the fact that metals have been 

used in t he expe:rimen:ts which were not enti:relit free from 

c o.nttJ:n.1,no. iJing gas o s and va p o1"~ht The mo.st 1mpo~ta.nt 

expejtmental problem in phot;o ... 0leotricit:r t hen becomes 
,, 



that of finding moans for obtaining v.epy clean s·pec.!mene 

about m::tde:t" cm~ trolle·d c·ond:ttiz,na, at-e. conre{f}rned ul'tim~tely 

wi•tb. the f:1ndi:o.g "of exper:tme:nt~l methods fol" eliw.;i.ne:'.c:ing 

~on:tt~;1in~tio-ns .f Thelf:"ifl is 7 howe11er .:1 u. le.J?gQ poss.ib:tlity 

that such ati1:cU.ee. wil l al$◊ have t he IitojJe dil?dQ,t e•nd of 

furnishiiig evtd.enc~· :t'ega:"cl.i.ng the mecl1a.n:ts1n of' photo·•elee~ 
·.,_ 

laye:rs,· 

ef'f:ee-t:;s. {the ~o-called po$it1.ve a.nrl neg.s:tiii'e fatigue ·eff\ects ) 

ha:ve been ob-se:rv~d., f9;r:> the:re e::i.isus Q.n abundant l;t t :e;r-atu:r-e 

rega:t'd.ing such phenombna., Miany of t he. older experiment.$ 

tt.:t"e deect"'-:lbed in the gone1:ia. l treatises on pl1oto'.-.elect1"a.Cit;;;. • 

( •::: ), ( 5), (, 11); a.nd hence "bt•i-ef refe~e.nGe will be mad•e 

11 fat.iguett as- , equ1~a1.ent i n meaning to the e::itp:res s'ion ••e::0n•

ta.ruina t.ion eCtcet"· :L.$ coru,.-"\ising and :tne.J.:a◊t, . HistoriQta.lly 

t he o~p;i"ess.ion ttcphoto~':: leotl''ic f a.tiguen wn...s invented. to 

or potency o.f n pu,1;,">e metal under , t .hc a:ction oi' l:tgn.t~, 

lt :ts now r egarded ae ce:rtain that t his phenomenon doe-s 



ties on and i n the .metal~ ·· :tt is well to keep :tn m:t:nd 

hovmvez,, that t he t erms u fat:tgua-tJ and tt contam.i na t io11 

BRI EF SUWKARY OF EXPERIMEN!AL RESUL-TS OW THE! EFFECTS OF 

COHT.AMI MATIOHS ON THE PEOTO*E.L'E.CTRlG PR:OPERTlES OF METALS 

A study of li te:ra t u:i0 e yields t he following ge ner a.l 

f acts X>ega;rding t he so-ca:u.ed f atigu.$ • etfcats: 

electric pl'..,opertie$ of a r:1etal. Helium, $;l•gon (8) and 

mantJ1ane ( S), fov ox.ample, ~pparently produ.e~ no ·- e.:ri:tect 

tion on a given metal va.rie.s with the tempera.tu.re, stattl 

out gassing platinum by h0@.t:in~ is dependent on the pa::z,ti-., 

that ·contarn.1nation effec'l~s in mer.c~y decpend -up.on th~ 

( o) A single contamj~nating substance m~:y 

afford mo;re t han on$ mech~n:Lsm f or ehanging the photo.• 

e l ectJ?1C proport:tes c,f a 1::10ta.1~ Thua Leupold (8) fcr:-..1.nd 

·t h at the pre,~:fnle of o.mrnonia c onsiderably 11/-creases the 

photo•sensit; i 'Mi·by of plat inum a s c c.mi:peiPed witb. :'<th~ presence 

• of o.i:r; but ih the region of a11. absorption band the 



see that at J.enst t wo mechanisms a:r e ope:t>attve ~-ere and . 
':: 

that it .is poos11JJ.e for t t .0 work .ftm.c tion of a metal 

to he lowelJed by the. p.r.esence of a contaminatiri .. g s,ubt11 

etunce,. while au .t:~1e same t:t.me the photo.-s-e.nsi t1 v:tty c> t' 

the nw t4ltl to cert~:i.n we.. ve ~l<:1t1.e;ths may o,e cU .. nd.11.ished:. 

or-o.1.navily, the isen$:lt;tvity r1$es when t he 1:10.J~k r--... mc,;, -~ . 

( c1) ~ given contatnina.ting su'b$..'l:nince . doe.a 

not a.ffeet tho phot o~electrio p~opertie:s. or all meta:ts 

:1.n the same W'ffYt Foll? exa:inple} DuB:ridge fe} and o·.;he·:rs 

conc1ud~ t hat hyd.:t'l'ogen strongly i ncretu~e s t ho photo-... cUJ:>;;-. 

rent :r:.t,·om plat:im.un~ whi1~ H:a.,les (2) found t hat hydrogen. 

has :r..o effeet ·wh$.teVt!i l'1 on t;he photo~lectric p1"'opertiel;;t 

of 1lcp.,1id mer-crw;r ◄ 

QURHEl~ TIIElORIES om THE OAUSE$ OF OHAlRHilS lM 'J.lIIB l?HO'!l:()• 

ELECTRI(1 FROPTu:aTIES ,Oll' MltTALS . ;·:· 

Ao't:o:t:d:big t❖ I-Ia11wat;h$, the pos.sibl,e (H!ll1,$.€l$ fd4-''' 

fat:i;gu.e 1 a1,.,e ~ (ta) direct aJ.}tion of t he light;- (b } oxi~ 

ing ga.,s on th@ 11hoto .. e.cti ve met~);; (c} fovming of' elec,.,, . 

tr1cal double sheets; (d) ph;-;rsio~l c~o.nges in the metal 
I 

itc-telfi $'V.Gh as a r-ou.ghenlng of ,the an~fao.0 (J)~~,1j~?:~;ll:~P.t 

wi t;b. td.me; :( e} adso:t>p tion ancl ab s.o;rption of gas m:01:e·cu,l e s 



aY1d g~seous. im.J $ ~ . 1rhe f'i:rst to~ . ca:uaes g:lv.en he:r:e 

unque-sd;1o.riab\iy inf \uence 't~he photo•- e leehric. phenomena 

accepted a;a ~- oompl©te expl~n~t-ion~-- The. fif t h cause, 

the effect . of gases., se emas ·t;o b$ the one which U.~rU$.l ly 

!t ~hottld be pol;.nted out 'that in expe1"'i~ne:n:bs h1,..; 

vol '\t:lng the. ttnt:rod:u.ction of a c-0n.t~min~tttng g_e:s into 

a ) hoto~e.Tectr$..c oell, thet'e- ~1 $o ~r-is,ea· th(~ possibility 

of' & spuriou$ decrease in s $n~it:tv'1ty due t o a l~ck of 

satv.Tttt ion of the photo•currentt- _ I,ves ~ Olpin ~nd iJoh.ns,~ 

rud ( 15) show that t 11e ·acccler·at;tng potent ial !'equ:lr e.d 

f or 1;1a.t,tU1£itior1 de·p~nd$ on the pre$sur-e of t he i~esidu&:-l 

Many attoinr/G$ h~-.re been made to forrmilute oxpl~na~ 

t1on$ of' ttie ef:f'eota of ga.se.s. on t he phato•elec t;i;ic Pl"OP...,. 

pressed. in the fot·m of an equ:at;.ion, between the deo:a:y 1n 

the photo+cu.rvent .f_vom a .. :1e tal and ·che quantity of 1a.-~ 

adsorbed i 1l1he theo;ry is based. on tb.es,e ~ssumpt:tons ! (a) 

the tµ•eater pavt oS: t he light ene;r(;Y tlb$ol'bed by a metal 

is contfttmed. in incr·e-asing t he averer.,ge ener~- of resonators 



and not in t he l oo$cn1ng of eleetron,1::1; ( b ), onl y t he. 

<:n;i:t er-rttost layei- of rre-bt,:tl :1$ pho-tQ ... ac t ive.; ,(c) at1 q, 

cons,eque-noe. of' ao.soi"'ption of ge..$ tu0re ·1s pr oduced a 

si t u t\l. t ion wh?leh is : .. s,n.a.lac::oua to toot of. t he t o:i:"matio:n 

nf a now s1;,ibs·tance on t he m.l!";t-ace , t h is subs~s.n ee having 

a new mean p~ototype of r es onatoz.s anc1 diff er ent photo,... 

Wied.raal111 su1d Hallwachs .( 7 } ~t t rirrute the ini t:tal 

lrn:-r sens:l:t :1.vity observed f ol? .fresh pl ati m.u-11 to the 

presence o:f an ·a<.lsov-beo. layer of e lectro.,.,negativ-e gS.:$eS 

whic11. h inde:r>.s. t h e .escape of e leeti:011$; t he rapid. ria,o 

i n s ensiti vity which :ls ·ob s e:r.tred when t he pJ.~:;,_1111.'tm is 

heated is ch1e the11 to tho i"emoval of t h1,s la·yor .. They 

con clrtde f ur· t llQr that g~:i. ees wh:toh al'.'0 !ibsoi"~e d .. :tn the . • 

pr·och1ce$ t he oh.se!'ved e~radu.a1 lowe.~it1g of the photo·" 

c ui-·i" 0m t ~. DltBl,,-1.dge ( 6 } 11.C.s f ound 0vidcnee or cr1 i ;ncr~.a_e'$ 

in sensit ivity due to the f ormation of .a surra.ce lJ.\Ye~ 

o! gai;; on a coo l pls. tin.um s111"fa.ee which p:reviously 1'1..ad 

M.en,q.er.Jlall ( 16 ), us;lng e v:lde:n.00 f1..t;rnished by t he 

ph.enon'.l{~n~ of c lect:i."on! c b011J;:,ardment, concludef'! t hia.t 

tw.o oh~T~.u~ t;ake p.lace du.ri ng 'th.e • h eat t 1,,ea;t .ue11t .of a 

met ar.:being prepa1~·ed f or photo-eloat:r:·ic pur poses; o:ne 
• ·., .· l :' .• •• 



tion, ·i1h.ich tends to lncre:ase the numbe:t" of eleotz,on~,t

He believe,s that it; is t he tmdeter•mi:ned combination o.t 

these. t;wo ef'tect.s 1;vhich i s tiespoh.sib1e for· ·the d.if.i'j'. ... 

Kaida (10) wo1"'k.tng in 'bh:l. s la'bo1?-a.tory, made the 

first s t1.ceessful rno0asu1.,ements of tho the phot:oeleot:r>ie. 

behaviov of mer<.mJ:>y, Re made usf.) of ~ flowing su.rf'ace 

of' me~e,v_J)y which had just been oonde:nsed f o-rm • the vapo~ 

state ♦, A given pa:tittt..cle of metou:ry was in C01'1tact ",,'J!Lth 

the :i?es-idiual gt;,\ses· p.reaent in t he hlghly ovacuated photo ... 

electric cell fo;r, less than a second; a time too shopt 

for t he surface to becom,:: contaminated to an s.ppi"ee ie.ble 

extent,., Ka.ids in this way f ound· t he. th;r?eshold value 

fo!I? liquid me:t?cury at r.00111 tempera tut>e· t o be 273fi~l0lh, 

v1hi ch covrespolllds to · ·a va.,lue of 4 .,52. vol ts fo:;r, the wo~k 

.It wa$. found by Kazda (10) that as soon as the 

, 
This effect he a.tt;r-ibutecl e.ith$X> to contaminat ion o~ 



iHi> some k:b'ld of change tn moleeule.-:r: tW:i?angen1ent o()~~,~ 

ing when the S'Q;t-.faee came to reet'-' With the apr>~a'tttt 

as he h~d dasign~d 1 t 1 -Kazda was 1mQble to show d.e.t1M

!tely . that the th'.N:HShold V~lue ()f ~736A was ChS.l"ttc.ter♦ 

isti~ of atational'y as well o.s of flow!ng met-~1u:-tw 

The· ph.oto--el~-etl"!e oe-11 designed and used by Ka$<d'.ta1 

and J.ater a,lso u.~ed. by Dunn, \"ta.s mu;¢h like the one 

shown in Figt 1" Th@ phot-o-.elett~ie eell. i .a. near the 

cetit:e:r of the .f igu,:,e and on the l?ight of tt :ts tne 

mereur-y- still. The 1ue~cury $Vapor.ated ei.t a. :ve. te wl11◊h 

depended upon the on:r·:vont applied to the hEH¼ter. Xt 

cond.en$e6. i neide tb,e wate1-. jao-ket r;i;nd fell int~ the 

tube bel-011 ,,_ the f~ll being woken by Jl_ perto1-.~ted glass 

ple.te--. tt then flowed through :Ill sma11. tu;be a:n.d "q,!) into 

n sma11 iron Qttp1_ where !t pI>esented a $~tac,e., I.t 

t hen overfl<>w·$.<ll. down im incline~· j~ron t ,ube and '.l:>et,:wned 

to 'the bo1le~ of ·U1e still-., Abo,t~ ~nd ,$,?'OUlld th~ 11:'on 

eup was: a, copper o;(ide ~eoeive~; closed. ~'bov-a ex~e)')t 

for a slit to admit radiation,.- T.he ~eee:tv~l? c.urugp.t the 

eleot_rons. ej~cted f3?om the mero~;J',. the latte~ bein.g, 
,~-, 

m~intained .at a ooneta.."lt potential of about :s volts. nega,~, 

t:tve to g:r-Dtindi. The r eeeive:v waa eot:mee.ted by me~ of 

a shielded vd.:re to a l)ole$alek quadt>ant eleotroruete;r_,, 

v:hieh wEts operatt?d at a sensitivity ot a.bout 1100_ -n:ro.1 

per volt fo.~ a $Cale d1$t~nQe of' li,.5 rnetei,,h Bbteept 

where othe?>wise ment:toned. the e.pparatus wt.1s. con$tri.1.cted. 



.ot P~t·~ gl.~s$ t 1.rhe phot0•el~'Q,t1Jd.o. eell ·and $:t!tl 

we.re, -~onnee:ted t~ough i 1tqui<:L t.\tr trap td t wo st~(P.~~, ' ,, . 0 

tt 1$ of :tmport~'lQe to note that in this ◊'J:~tgJrxil 

appe.17'.a.tus .$; stopeo~k, lttbri~a..t:$li wtth 1atopc•odk gr,:~na:e, 

W$.S $itua.ted 'lwet\v~en the llqutd ai'l." t~Stp ~nd the p1..trnp$ , 

and that the iron ~up and quavt.i ttinde,w in ·t; he phot(!)• 

• electpi~- 4ell v.rete !leld in pla.oe by .t:t high te.mper:atut-e: 

ce1nent~· 

'rh.$ t:1:0uree of' lJght vras r:tl. qJ.1$rtS mc1'$~y r.w·q~ vihleb ,· 

wa.$. ope:re:ted ~t aonstant voltage,, eu.~t•ent and t :en1pe~111.tu~~ .• 

1:h,e l't.ght. p~ssed. br;.;rou.gh a eaniel!'a s-out t e~ into tlif). co}!J_,. 

!mator ot $. Uilg~l? mono.ohromatol',t Fr0r.1 the monocil'ir·om$~ 

tor the light p:aaie:d th1~ol1Lgh a.n e.djuat'11.ble q1,iu~ti 10h$ ~ . • 

b7 whi(½h !t Wfts fotU$sed on the sl;tt oi' the 1',li64~v~r 

in the pbeto#el$~t~ie cell-i., Tl:ie 1, .... (~lt11t!ve :ttrtrei1aitlet 

of the 1:tnea. erd.tted by the a~e were m$1:1s.ured by VJ0~J 

of a \1$.$uti.m th~l?mJtr>Oouple ~nd ~ D'~$Ot:1Vttl gal.VOP,Qmeter 
,. ·.~.g . .. ,,, .. 

◊f $01'1$$tiV1ty of · (the o:rde~ of l O ~mpe:r:at ,lli 

The• long wt;,ve 14,m!t or th~eshold wga fottnd lit 

•plotttng t h¢ ;pho'tiQ•"~'<}·ttr·rent pe:t> ttna.t int.en$:ity agtia;:1.nst 

the wave length• '!1he int~~•;?J4;1,:,tion ()f thia <:n.wife with 

the wave length a.xis I i Yes ttie th1"e.~.hold . value., ~azd:a 

took into ~O'◊o®t !'.H)t•reotlons fo~ a:t1,1a;y 11,~J:it ana. for 

the d~te..i.l$ o.:t. th!$ p1., ooed:1.,we hi$ pa,.per sh.9uld be oont 

snlted... • 



Du.ni'lt :( 1} wo,k:Lng. v.r;t th t he $ ia1ne 8:ppe;r1tus ► fo~ , .. 

that · if the m.e:rc1:i.!'-y sutita.oo was. 'bl?o'Ught, t o 'tl ,st@d~ 
.... ,;,. 

still, t he th:~e shold Ghanged in 8 minut'3f fr·~ t h~,: .. 

'1alu.e of 2755A foi:" ;flowing mer¢u,ry to one of 28S~A!~ ,,, 

Eightenn hot_ws l a t~~, the $1-~ftitee in t he m.e:rtnti$$ • • 
~ ... 

having b een left u.nd.i~tttrbed.; the thx>~H3hold. h 9,d: lrt◊-V©d 

1n the .direction of sho:rt$r w~~e length to aV'a.lue ·of 

2770-A, whiah is $ttlJ:i.·11i~W--~ t~ ~1,1,e to~ the flowing 

auzltaoe. After st~nd.ing in tl:le high vaanum for both 

66 hours snd . ll'! bours, howeve~~ the t~e$b,ol~ ha°"'· 

;r,>ecede.d t;o 1680A; e. value con$ider~bly be Low tna t f o:r 

f'l ow;J.:ng met> cur y,., 

U$tng ~ 'pad.ioa~t:tve leak in conjunctio•n wt th th~ 

electromete11'.', Dunl1 also studied the v~ll•t1ons rrtth 

time of' the photo•eensi•t:tv;ttJ to the tn<::reut-y a+>c l in.e 

26551\:t• Eight minutes after tb,e meroutty su~faee :i;n 

the photo•:¢~11 had 'be<IOffle . $1\lationa;~y, the se1ts!tj\7'1ty 

~o$e to a m~±nn:m1 ot ne.e.~ly .f'iVe times th:tat foa? the 
f 'lowing $tutataee ~ lt tht:m began to d.eore.a.;s e , ll'.'ath;er 

. ' • 

:t?•ap.didly fpr ta.bout f' it-tm, minute~,. etnd then mo:t>e slo;'Jly., 

At the end. of 66 ho'Ul's it vms about one.-•thi:ro. the. va,.l.ue .. 

for flowing mer!)Ul?-y',; ' :Whelll thf)")Stl~.face ., was , again :',pro1;.1.ght 
' =.::·:. 

;tnto motion by $ta:t>ting the; atill.1 tl'1e sensitivity quitcfk!iil" 

l y rose to ~ vslue cC11n$.iders.b·J;.y $.bove t he .no:rma1 vitlu~ 

for tho flowing S:t,.1.;rf ~ce > t hep began to .d.ec.~e-a~:e' t;t:m:l. 

finally r e aelv-id the nor mal va l ue .in sev-erul hour$ after 



the $u.rfac0 htl}.d bee·n set into mo·t'ion., 1!lh$1"l this. 

norme.l. val.tie w~s ◊htained~ ;t:t· w~s . :found to bE;i i:ndep.endi!t 

ent of the rate Qf flow. 

Dunn concluded from the$e :-e$.ul ts that -there v.ter~ 

at l ea$t two stage.s to the p-roce$$ of oont~rninatibn of 

:irnpu.t-1tie.a . .cou.1d be inesponsible for the phe,nomeil.$. ob-. 

ser·ved,. the one act1ng ve;1?y quickly and raising the. 

tl1re 1;1hold,, the ot her acting mo.re $lowly· ~n.d lowering 

it,,.. Ht) aloei s,,::i,gge$ted i1ha.t the phenomena co't.1ld be · 

attributed to a. a:tngle impurity •on t he me1".oury sv.rf'ace , 

a :single l :ayer o.f moleoules of thi$ impurity fa.cili ta~ 

ting the ~elease oof eleotrona f~om t he mercril:>y and 

.f:J. nu.mbet> of le.ye:l."s o.f t he lmpurtt:r hiruier!'ng t he:tp 

rel ease • Vlbichev,e:r- of' t heee two eJr.planationa. we:$ the 

c·orrect, one 1 it we.a c01.,tain a-t learrt t h~t th€ second 

stage of t.be ~ntam:tnation w$.s. quickly :removed whon 

the su;r;fa.ee was a.et into motionf while 'che f.ivst stage, 

v1hich reaulted in an inereaoe in $ensitiv!ty, held motie 

t .~;naci9ue ly., 
\··· 

D.unn ;next trie·d the ~f'fe c·u on both f.lQwing ~11.d 

$~ational.'y me.~eury of.' •. !'emovir,g the J. :tqtiid aU, f 1>c>m 

the liquid aiv trap., 11:he:,;resul t .e he obtained . wore 
':•; 

\ 

rather oompl1c$;ted but 1nter€f$.;~1ng" Fr;o:m tr-em he was 

able to cone1utle that the fi,re.f'·old incr·0as~ in sensi• 

tivity whi.ch always U(?<tux•1~ed when t he me•;ticu~y was first 



b:rougbt to r est wca.s due to a substanqe r.n'>nde.~ed i:tn tbe 

11.quid a1f trap and l:1av1ng a melting point ne~ ·o°'G, . .l:.t 

also seemed probable that the substtu,1ce ~-esponsible · .fo~ 
• I 1i •• • 

t11e su.bsequen·t slow fa,ll in sensit1~ttf\ 1-; as not a aub .... . 
\ 

s ta:nce coi.idensed. ln t he liqu:ta. ail? trap., 

Since stopcocks we:'t:e a pa:rt of the apparatus as ete:ii!i<· 

signed by Ktazd~, Dunn ne~tt t!'ied the etfect of 1trbr·Q4uehlt 

t he vapor of stopo:t,.c.k g:Pease a,t room . t ernperatu.r.e into the 

photo·+electi"'ic cell~. Stopooc~ grease is composed of vo.-$e• 

• 1;tne and r11bbeP, He fon.nd that the in1n.,,otluction of the. 

s:ttivity. 

Hales ( 2) completel~r :rebui1 t the f).ppa:ra tus with ,new 

l!lf.il t e;:rials... In doing $ 0 he int1"0dueed t w·o i mpol"'ta:ut modi•· 

fications:{a) the ~topeocks en the J.ow•presmire s.:!d..e,· of'· 

the diffusion pumps. were replaced by mercury cut ... of'fa ·and 

{ b ). the high tempepattun~ cement ttsed in the $1-d appa,re, tns 

zms entirely 01:lmina.ted f:rom t;he. new one., 'lfihenever, f or 

or1e: r e O.fJOh or another, ai~ 1111us admitted. t;o tl"1e o,ppaI>e.tu.:;t, 

it lia.d to come tli:rough ~0he stopcocks which W(1r e still re-.,,. 

tai necl on the high press1.1.re s id.e of the diffusion p1,u:nps-. 

After t w·o months or !t)u.mp:tng, this l'l.e-w apparatus was 

fou:nd to be s.Q f;r:ee- from ccmt aminatlons Joh.at the photo"" 

c1.U:1"ent ftH)m -the etatione.:r•y w.ereiw7f remained :constant fo~ 

a da1. It w·ne also f ound t~hat contiinnina.tion of the merovTy 

:resulting when the mercury wrn:.a allowed 



or more hottl?s for the i"'lowing me~,ettcy to lr>id itself o.f 

the C()n'truninatio:n. 

From the~e r e sttl ts Hales eonelitded. that two ~tmplU"i .. 

tie$ had been v e$pons:1ble for the et.'fe..cte obtained with 

tivity, fo:r by el:Lm:tnat:i.ng tne sto-poock's on the law pt>-ese• 

ure. side • ot the apparatus , the rate of rise of sensitivity 

was reduced to an almost negligible aiaou..nt;. As f 01-:1 the 

subsequent dec:t'eaGe in sen$itivity 'zhich altJays ◊GCurred 
and 

in the old apparatusMWhich did not occur at e.11 in the 

new one; thi$; he Q.ttrib11-ted to the b.:igh tem.pcratv;;re 

cement* 'Wi. tb tJ:10 : appar:a.t1;~. as he ·, had d~ signed it, Hale~ 

was able to obt,a.:i1'l. Kazda' s value of ''·liR?35ilOA fol:' a 
well as 

sti1.t:lona1:'y surt~oe io.f. mereu.r>y as"f'ot> a flowing surfaoe~ 

The a.ppar.8'tU@ Q.& fl1;1.lea had designetl it p~mt1ded $;11 

excellent 1:10axJ.s fol." tb.e 13tu.dy of t he eff'ects of contam .. . , . 

inating z.n:i:bstfil.:noe1;1 on t he photc0 ... electricr behaviot> of 

mercury, In 'inves:t.iga:t;ton$ of the so-wealled fatigue 

s1Xt>face ~r..tl :t t is ossential that the standing m.,1.rface 

1Je free from, i mpurities other than t b,ose d elibe1"'s.tcl:y 

The t'a.pparatns as designed by KazoJ:l had been \med 



by Kaz.a.a for the st1.uiy of the .effec te of a1~, oxygen 

~d hyd:t>ogen upon the n1ot><llWY ,and hy Dunn .f~ t-he .study 

of the eff'ect$ of stopcock gl?e.e.se and of' hydrogen. ~'. TlEi~.:.: 

resu.lts which they obto.:tned Q$11 be learned fl'.'om their 

pu,blished pap.ers ( 1D, l) • ?nvestiga tions of the effect.$ 

of contamit1ating substnnces v;e1"e made with Htt.les' 

tg;,paratu,s by !!aleQ himself and,. later, by Poole o.nd then 

the 1::r1te:r,. Hales {B) studied the e f fects of hydrogen, -

helium~ argpn, wi;,,ter vapor, n:i itrogen and o:,;;:ygeth Poole 

1nvestigatec1 t~ effects of raethe.ne ., ox:ygen,oxygen illu•· 

minat:ed by ttl t3."av:to1et light~ ox:ygon oombined vri th water 

vapor, carbon dioxide, carbon monoxide, air, benzene 

and alcoholt The :results obtained by Hales and Poole 

are srummalt'ized. ip Table I .. 

EFFEGT OF TOLUENE ON MERCl'.;J'RYt PLA'N OF WORK AND GENERAL 

I-'ROCEDURE 

'fhe plan of $tud;y of the etfeets of toluene on the 

photo.:.eleotx-1c behuvior of m.e:t-cury divides itself into , 

three pa.wta: 

{a) A study ot the relation between the density 

of the toluene vapor adrrdtted to the cell and the 

photo•eleotric current from the merc1.,.$'y, C'll:tttiges in 

the deneity were e.coomplished by changing the temper• 

ature ot the tube containing the supply of toli.tene, 

Th~ thl?ee telnperatures used we:r;-;e that ot liquid air~. 



TABLE L 

Presav.re Lengt:h of TlU>e shold substance Observe.r During mtposure Shift Ex.poa~e ;t..n Ho'l.U'S 

IiY<il"ogen Hales. 30 :mm 48 None 

Helium Hales '~005 mm l\!o:ne 

10 nlJJ"l None 

A.t>gon Hales None 

W:a.tar Hales ;001 mm m,ne 

;05 mm 20 To 2800A 

Nitrogen I-Ia.lea lOO mm 24 None 

O~gen Hales 50 J1Ul 18 To S555A 

50 mtn. 79 To 2560A 

Poole 20 mm. ~o Mone 

Oxygen & 
Ul tra .. 
violet 
Light Pool e lfo 2660A 

Oxygen & 
Water Poole 20 mm 17 To 2565A 

Methane Poole 4 mm lr/ 1\Tone 

Carbon 
Dioxide Poole 2 None 

Oru?bon 
Monoxide Pool e 18 mm 16 None 

Air Poole 15 mm 14 None 

Benzene Pool e Room temp ~ 4 To 2830A 

Alcohol Poole Room temp ~ !3 To 2.550A 

r_rhe threshold for clean lll8;i."CU!''Y 1$ 2657 10 . 



that of melti11g ice and. room tempe:ratuwe.. The me:?eU:t-1 

in the photo•elect~ic ceJ.l 1-.ra.s 1n. -every c}:ase he.ld ~t 

• (b} A study of' th~ ~ele.t1on betv~een the pl:l.ote.~, 

eleotl'."'iC C'l-rl?;tien.t and the tirne t hat VapQ:r of· Q. given 

density was pe~rnitted to roma.in in contact v,ith th~ 

mercury awfa.ce.. An attE;mpt Wt:ts alao made to UE)te:r:• 

mine the 1 eti$rt tim~ that the to.hie;oo V9.pQl? must be in 

contact w:! th the mercux,y in OJ?de;t.l to produce an a.ppl'e"""' 

cia.b1e effect on the photo•cll.!'l1 .. ent~--

( c) A study of the change$ tnk!ng place in the 

of a given density had. been in conta.ct with the mer ... 

cu.ry for a giv-en time~ the mer-eu:~y ;in the me~ntime not 

be :tng di&t:u.rbed>t 

The general pr ocedm,e wait'\. to pump wt t he photo""' 
cell 

o leotrie wh:lJ,e the m\:; t'Cill~Y :ln the <J~lll ,\'8.S being di$'♦-

:tille.d and then, vd.thout introduc.!ng a)J;{ contamtn:ating 

vapor,. to bring the mex-ouvy SU'°:!"fa.e.e to -~ .standstfll and 

make a coxrt~ol ;l;"Wl over the '. iarrn.e period o:£ •• t:tmo as • 

would l.~te:t;" be oons,1:trned in m~l,d.ng ~ se~iesi~of obs:eJ?va ... 

tioru;1 · with 'tolucme in the ce l l* Du1>ing t~ po.rioti ·of 

the control run the toluene r1as in an auxil1ar.J app~a•

tus * sepe;re:ted f~om. the ma1n app$l"a.ti.1s by· a -r~e:rcu.t•y 

valve o-r cut•off ,, ai'ld t ti.is a:u~:ilia~y appar-~tus vtas be"" 

ing evacuated and thor1oughly flushed v.nlth toluehe bf 



means a separate set of vacu:mn pumpa .~ Aft~r t he e0nt~ol 

1->tt...vi the merotttt>y ,m s e..gain dist~:U.~d • The mEfr{:mry $tWfic~ 

ws-.s th$n brought t o l?Bst and; with the tu.be of toluene 

su ppl y of tolnen0 · and 1che photo~elect r!c ee,11 was opened,. 

I n t he me~nt i r11e the tube connect!?lg the photo,..c.ell with 

the main pt.L"l1P$ and J5qu..1.d. a:l.r• t:rap was c l osed by a.11othe~· 

cut .... ·off, t bis to pr e ven t the c.ond-en.sation of to1ui ne vapor 

in the main 1:iqu).d .a.ir trap.~ ltfteT Et predete:rmined i:rr'cer"' 

val of t:tme t he soUI:ee of stwply ·or tQlu~ne was disconn.ec.t-il!i 

ed from t,he cell a.nd the toluene wt,;t:S l:'e.mo'l?'ed by c011.neot,,,, 

1,ng the Q$ll with t he )natn pump$ .. and 1:tq'l.lid air tra.1:> ., 

,. 
EF'FEOT OF' To:ttrn::rm ON ?iIERCURY: ' APPJ't.Ritl:US ' AND EXPER! Ml~WTAt 

in design from :th~: ·appo:ra.tus devised by Kazda {10 ) in 

t hB.t all t he stopc.ocks on t he low p1"eseure s:lde of ·t~ • 

pv.n1:ps had been r ep+aced by mer.cu~¥ va.1 Ve$ or cut~offS 

and :t.n . that th~ h~,gh tempe:ratu.J?e oement in the photo""' 

elect1~.ic cell luio. be en · elim:tnate4~ :rue appra.1"a·bus and 

techniqii~ used fo:r intrC1d.ueing t he ~on.t~min~ting Slib.• 

s tancea d iffered ;tn mi,.,.v3.,•, :r- c:let .ai:t s f~,om t h~ t employfl)cl 

by any of th{: se workf):t>S; • A genera l view of the appar-

atus i ~ shown in Fi g . 2. 
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The photo•electv1e cell cons:ts.ted o.f ·e. FYJ?e,X 

vessel in vt:h:tch a shallow iron cup,2 cm in dif;'.tmetex-, 

vras m:-;unted. on a cone of imta:r so sri...aped as. to fit 

in a grm,.nd r;l.a.ss ,j oint :i.n t he ves sel. Throu,gh t he 

b ottom of t h:ls O:lp there passed · a 'sr:rall bore P;/-;i?ex 

tube connected to ·t he condens-e:r of a mercury still• 

When 'che still was Operated, wh:toh was not t he case 

f're shly oondensecl merc1.12."y overflowed from t he iron 

cup i nto un inclined i~on t u.be connected t o the boll* 

or of the still• Tho mercury was kopt at a negative 

pot ential of magnitude sufficient to produce a so.tu.rs.• 

ted. photo..,;..cu.rrent .. The receiver of t he photo~electric 

ceJ.l consisted of an insulated oxidised copper Faraday 

cage with a slit in the top to admit the light; the 
. / 

!>ece1ver was located just above the iron cup and was 

connected with one pa.tr of quadrants of a Dolazalek-· 

e lect~•ometer, The other pai~ of quadrants • of the 

e1eotromete:' vm s . gr ounded~ A qu.:a.rtz window was loes. ted 

just abovf> t he slit :tn the rece:tve:r~ it be ing sealed. 

d:t:1:>eotly onto a gr f-J.ded quartz to f ":f"!'ex :secil • Both the 

phot .o.,.elect:ric ae)Ll ~nd ~h,e mercury still we:t;>e connect

ed thi"<'Yugh t \'lro mo:rcu~y v-a1,1~ c Vl and VI, Fig• l,, and a 

liqttid air trap to t vrn. sirt;.;lc stage dt.f'fu. s ion pumps and 



The souvee of 11lum4.n~rt.ion wa:$ . ~ qua:r.~ti merc1,try 

arc lmnp enclosed. :tn an asbes:tos•lined bo·x. The light 

from the J.G:mp passed • in tu.r11 tl'l.rough a cam.era shutt.e~ ~ 

a H!lge·r monochrome.tor ., an a.djust~ble . quartt; lens., and 

then through the qu.al'.'tz window and l"'eoe:t ve:1., o.nto the 

merc1..tt•y in . the photo.ielectric cell., The l-~ . a.lwav.s 
• :,,i· 

OTJC:t"ated o..t 91..;.,9S vol ts,: ~.,.,1th a cttrJ?ent or 2 .4· ampere 113: 

0 and n.n an1bient tem1)0rs.t-v.1"e of 202-204 C-. 

.. The appar~tua: used in intr-odu0,ing t he tolu.en~ 

vapo:r 1ti.to the o.eJ.1 is ::,.1130 sl10\tn in Fig .• 1, A mer·""' 

c1_;,ry valve V3 and. ~ dl";fi:ng ttibe eonte..:1.ning phosphoru.$ 

pontoxltle. we1"e situated bet-,~,reen the phot.o,~electrie cell 

~nd the vertical tube containing the toluone. The tol ... 

uene tube also wa,s connected through tivo merm.wy valves 

purnps and an oil pm11p~ 'P.hus th~ a,ppar-~t.us containing 

the toluene could be evacuated 1nde~tl;T of the ·appa• 

1'>{1tu.s oontQ.inlng .the photo--electrie. , cell. The two valves

Vl and V5 were kept closed clUt>ing • s1.wh tir,1ea as the :i;:,umpa 

we1"'e :not being opera.t.ed, thia being done to keep the 

vo.por of stopcock $l,'8ttse out of' the main p·&l"t.s of the 

The . toluene , o6n5m1s,; used in these experiments 

w·a.s oh'be.:tned. fl"Om a.. Ve!Jy p·t,we sot.wee f1.,tl"n:lshed by 



Dr., A •. It;. .B~ewer." of this laborator·y• It was also 

distilled twice b-:r t he \'1riter • . ' • . •, . c., . - - ' 

e lectromot.e:r• was k0!)t t;1t tt cons tant potential of 90 

volts, the sE:~!1s:lt:l\"ity fo~ a scs.le distance of 150 eta 

being a.bout 1100 rnm pet- vol t .il! :r.n maJr..ing tht$ ou.lcult:1,.-. 

tions of t he specific phntoi;ifelectrie cuJ':t>ents , that i..s, 

1m,1de cf the calib1"ations of t he :rel.atiltfe :l:nte:nsities. 

of th<:,1 va:riou;s 11nee of thie lQ.11tp mad.e by Hales (t }\,. 

Tl~e-shold values v1ere d:etorr:1:i.nod in the itsu~l innnne~t 

and under the ij.,;;m1e vrorking conditions as we:r-e ,Po be 

use,q in stt1dyini:1; the eff ect q f a.dmitti!l{.s . the ,contam~ 

:l.nnt.i on.... .After, completing this control :run the :.:-1c::;1'(~tll"Y' 

'-"tuu1d be pr~Hlent in . the ce11, . Th,. valve, i72 v1a..s ,then 

cl osed and ,r;h,en tn:e valve V3 oponec\t, .tl'Ul.$ ~dt.".litti1ig 

t he toluene vapor .. to . tho c~ll; tr.i.e press1,1:rie. qf t hia 

vapor Wa$ det.0:r-mined b y t >e temp0ra:t1.1r-e of the tnbe 

containing t he toltwne, Af'·te,:, a.. r110~su.1~e¢1 length of' 

time 'ifalve V"b wae. clO$$d n:nd Valve V2 opened.,, thus 



ptw1:p~ and separating it from ,the S¥ce . of supply of' 

the vttpor ,., • In, the ,1ntervf3.1~ between and •ftei" the.~-e 

oper:e.tiop.$,, -the, pho·to~lect:-ic ourt"e,nta we:re measuredJ 

in eases whel'"~ the sen.si ti vi tiEH~ we:re ehane;tng , slow.ly, , 

t hese meam.1.reme.nts we:ve;:1made f'o:r sev~r,al ,~1ave~:lengths,, 

so that. e. t hi"eshold eur'\lle cmG.d be plotted,wTu.:tle in 

other ea$:es, v·,here rapid cl1.angel"J of '. senattiv:tt;r wore • 

t n1d.:nr; place, t he behavior or the Sf".msitiv:tty f'o:r a 

gi vnn wa.ve-,~J.c<Jttgth :wqs t1;J.l tb,at c,ould b€t observed.,. 

EFFEOT OF TOLUENE ON MRRCURY: EXPERIMENTAL RESULTS 

Ti1>luene at tempe-rature of liquid air: 

the introduction into the photo-electric cell of the 

extremely small r1mount of vapor p.:i ven of:f from solid 

toluene kept at the temperature or liquid air resulted 

in an apparent lowering of the photo-sensitivity of 

the mercury to the litiles 255'7A and 2653A. The vapor 

pressure of the toluene at this temperature is about 

0.005 mm. Some typical results are contained in Table · 

II, where the ratios of the photo~currents from con

tamtnated and from pure mercury are given. The two 

values :forming a rs.tio:.were observed at corresponding 

times. 

The first two sets ot readings in Table II were 

made during the same l'ttn and without disturbing the 



'rime of ObseBvs..tion 

Ju.st after the rae:r-c.Ul"y 
had been exposed ·~ h . t .o 
toluene r;.apor. • 

Afte:t' 75 mirnrtes of 
putnp:lng. 

Ju.st afte:r the mercury 
had been elt-1'.>osed .t"OJ'.l' 2 
hows to ·toluene vapo~ .• 

After SO minu.te:s of 
pumping .. 

After a½ more :ot 
pu..rnp l ng ., 

2557A 

0.87 ' 
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mercury su:r.fs.oe by ca.using it to flow. The last three 

sets of readings were obtained during another run, but 

under similar conditions. It is to · be noted that shut

ting off the supply of toluene and connecting the photo .. 

electric cell with the pumps and liquid air trap produced 

no consistent changes in the ratio,a , of the photo-currents, 

even after 8.5 hours of pumping .. This means that it was 

impossible to elimin&te the cause of the decrease of the 

photo-current simply by connecting the cell with the 

liquid air trap and pump. 

All of' Table II was obtained with the mercury in 

the photo-cell held at a negative potential of g.·>,volts. 

In order to find if the apparent decrease in sensitivity 

was due to a lack of a saturated photo-current, the 

negative potential of the mercury in the photo-cell was 

increased. It was found that the photo-current increas

ed slightly with an increase in the cathode potential. 

This sh-owed conclusively that the moat, if not a.11, of' 

the appar~nt decrease in sensitivity was: a spurious 

effect, due to the·'.~. fact of , the photo-current being 

rendered unsaturated when the pressure in the photo-

cell was increased by admitting toluene vapor. This 

explanation is not incompatible with the observation 

that it was impossible to bring the mercury back to 

normal behavior by connecting it with the pumps and 
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liquid air trap. Su.oh connection served chiefly to 

cause the toluene to condense in the liqui d air trap, 

without reducin~ the pressure of the vapor appreciitbly. 

Thus it is seen that ex treme care must be taken 

to have a saturation photo-current in e'xperiments which 

involve an increased pressure in the photo-cell. This 

is a precaution which has not always been observed :1n 

fatigue experiments and such negligence possibly is 

responsible for many spurious results .. 

In ad.di tion to the data of Table II, observations 

were made of the eff'ect of the toluene on the photo

s~ns i ti vi ty to the mercut"Y (ii.re lines 2700A, 2764A, and 
• 

2803A. The last two lines are beyond the threshold for 

clean mercury, while the first is quite close to the 

threshold; moreover,, these lines, especially the first 

two, have relatively low intensities. Bees.use of these 

facts and because of the smallness of the effect of 

such minute quantities of toluene, the observed changes 

were found to be within the experimental error,. There 

was some evidence,, however~ that the toluene produced 

a slight shift of the threshold, and that this shif't 

was toward the red .. 

One may then conclude that the vapor from toluene 

held at the temperature of liquid air produces :·,no appre

ciable etteot either on the photo-e'ensitivity or on : the 
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the work fur;,(ttion of me1•cury. 'thus a liquid •iir trap 

affords adequate protection a~ainst the prea.ence of 

small amou.nts of' toluene in a mercury :photo-electr1o 

oelL. 

o . 
Tolw~r.i.e .a_t O C.: The p;i.-1essu:r0 of the v&po:r 

introduced :into t ho photo-c-ell wo.s. 1:n t his case about 

6 rnm .. Fig. 3 s hovi1s t he effect of introducing 'toluene 

of t h ia press"U.!Ve on the se:nsit:l.V'ity of tb.0 mercuz,y to 

line 8653.A-11' This s<;r1es of observ-at1ons was made vntth 

t he meJ."ev..ry at e. cons.ta,._"1.t potent1.al of 3 vol ts nege.• 

ti ve to g1>ol:u1d and aftel"' the mer>Q1:1ry had bef:.n freed 

fr'0'.!l1 . occluded gases by r epeated distillation in a 

hi.gh ::v-:aouum for s.evel?•fl.1 days. At the time zero tbe 

ht)ater on t he merQu.ry still was di sconnected and the 

:,:rurf,we of merct.ir'y in the phot.o"'"'cell ·thus allo,?ed to 

come t o rest. Readings of' the photo•sensit:tvity of 

t~he clean rnorcv~y to line 2653A vrnre t hen ma.de until 

the end .o,f. 66 mi:nut;1es ( firs·t dotted o-rdine.te), at 

which time. th(i) phote .... cell was cut o,£13"' ftr'Qm the main 

pu.rnpf:1 and liquid. a il" trap and vtas o.onnQ:Q;'.tf,d , vri .th{;~h-e 

tiouroe of supply of t<)l:uene... 1I1he tolueJ:le. was allo-wed 

to :remain in oont~et with the mercv.ry fo:r? 14 minutes 

(during t he intorva.]:. P., :f:l,g, :,1, Du.l:'ing thiB t:tmo 

t wo readings w0:r.e. ta:!cex! vrhit)h wel"e con:;,;iq.e:rably lower 



200 
I 

I~ I 
I 
J . 
I 1 • • r--
I I r---
I 
I I Returns , no~ 
I I in 4Z ho, '5 

I I 

I I 
I I 
I I ! I 
I I 

I • I 
I I 
I I 
I I ·-0 

50 100 /50 2 00 JOO 

Time • in Minutes 



:ln value tha n the r>e: Rding s made before t b.e to1ucm.e 

was :l:l:r t:;.roducod . At t }1e end of t he 1{ :,1in.u te s of 

e xpos1..J.re t o toluene ( ~3c c ond ('lotted or'd:L-10.te, Pi g . 3), 

tho ~:;o1..:1.rce of supply of' t o l nene ;;va s c1.1.t off and t he 

a ir t rap . 1l1he photo-sen::d ti v i ty i-.ra:.i n c,i.:1 f ound to be 

:ln creased co:n s5.dE~rab l ~r eb•) Ve the vaJ.ne for clean ner-

cul''Y, the 

sone clo J.rry in t aking t h is reading nnd since t he 8. PT> Z'o::,: ... 

:lmate natur9 : of the curve al':!a ys obtained after w:1. th

drarr:tng the su pply of toh:i.cne ha.::, ;;;een vrell os tab li~3hed 

b;r rn.2.ny :3<:ir ies of obsoi-,vat :tons a:lm:l.lar to the one shovm 

in Fi g . 3 , it rrnnld sce,·:1 safe to 0z:.trapol t1te t :2e C1J.rve 

bac}-::•i:ards and to eonclude that, in the ce.se 1..mdcl"' con-

s iderntion ·t he d:wto-eurr011t was at least d oub J.ecl. b;J 

the l n troduct;:lon of' the to1ucne . A f urther c::rn.m:"Lna-

t j_ on of F5-g . 3 shn1.1 s t bo:-c a s t:l.me prog·P.essed after 

"orme-ctino· -1-1-1p ·_r._)u.rrr_,:;s t he sens:tti vi t;y rap idl-,·., . .,. r e tt1.rnod 1,,., • . • l__:J U -- _, -

to its characte1°istic 7n.1ue for c~10an n.le rc1.1..r :;r . It 

air trap~ anJ. ,fj_ t b.out d :l. s t:urbing the r1er c .. u .. y surface 

b 7f cs.u sing :t t to flow or by i-:-~eat:i.ng it~ '.L'h:i.s proce s s 

of :1:n.troducing toluc):1.r;-:, vapor n.nd. then ·.d.thdI'm7ing it 



vnas repeated a ntttnbeti of times (B/'C,D:;E, P'ig11 :5) 

wi thotrb in the meantime disturbing the me!'cu1.:,-y st:tZ"~ 

hatre 1Jne;rt1-ased $.1'.id. as ~irne pr9gress0d 1 t :r:etu.rned to 

its no~l value., This cccur:,;;ed even when the vapor 

the photo-oel-1 QnlY 55 $eo.....-
• I ,, k~- . . .. '. .. . 

be.j.ng about . double that for the v.nc·onte,m_tna;ted rr;:er-• 

cm.ry,.; At the end of abQttt 325 minutes~ F;tg~5:,: a 

tc-ni:denoy towa1~d an increase ln sensitivity vras not:1-... 

ce~; an @:l:t$11:'1inati6n of the Dev1ar fla. Bk on the miain 

1:i.qu5.d air trap showed that the supply pf liqµid a.i;r 

in :t t vw;s l◊,W; when thi :3 \vas reple~s:b.ed the eensi-• 

ti vity,- a@On 'i)egan to eo1:10 . doivn,. 

$~$:1.de@ the series of obserV$1.tiqn$ ·&escr~h·e,:d 

above 1 Gl.a;t;a ,:1ere al.so obtained for ¢;~~~$ where t he 

toJ.:,1e;pJ) v1$s a l lowed to rema~n ill the phflto-cel1 to~ 

pev:to~$ of one,.,..half hour and one hoUl'l~, l:n the$e 

Gase1;1 it we.a po$si'bl.e to make obaerva.t:l.ons of the 
--· 

effects <h1.e to &ix ctiffet'Emt mercury _ ~rq ··, li.:nes and 

thus to d~t~~nr:Ln.e th~ effect of the toluene on thf) 

long ,vave·-,.length limit. 

as soon as the toluene vupo).'.I wns admitted to, 

the cell, the sens:.t t!vi:t-~r o.:f' the m.evcu-:ry to the J:f:ne,s 

2537A and 't6fi3A 'began to dec!>e~se m0,l?kedly·,, thu~ ez::-



h:tb~ting an effect s:lmila.r to th.at .shoim in li°'l'ig.,:5., 

.:'\t the ~me time the aensi-t:lvit:,r -to 2803A changed 

fi;orn zero (this line being well beyond the tr>~eshold 

for Glean mercn.1.ry} to a value stl.eh as to give a..'"'.l 

electr:ometer r efleot;.t 8n or 16 r;im. per- mtnut~ fort 

one minute exposare tc~ the light.. The sensitivity 

to this line then begl'ln to d(i,c~::rea.se $l$-v1ly • 

. Upon connecttng the photo(O<eell w1.th the pumps 

and liquid 1:tir traps; a procedure whieh almost imrae ... 

di€t'tely reduc$d the press~e of the toluene vapor .111 

the cel.l t~om 6mm t :o 0,005 ~1.rn, the senait.ivity to 

2557A abd '0653 A i~ose suddenly to e, value co11.s:.tder.,,. 

ably ab ci ve that fo;r c1can Il'l(~rcury, whlle the e l ectro• 

motor deflection for 2303A dropped suddenly to ·4 mm 

In an Etttempt ·to find the cause of t h ls rechtetion 

in sensitivity to cex·tain lines ttnd ~ sin1u.l tnnEHn:i.s 

1ncre.a$e in sexw:lt:tvit ;<r to another line d:1-1,ri:ng the 

time that the v~po!" was :tn th·'! cell, the negative 

potentiial of the photo•e.lf>ctrically a.etive m0rc1.1l"Y 

current and thtis aga:t:n the app:14'0nt d:rop :ln sens1 ti~ 

v;tty a ppears in its iJvu~ light tts a spv.r:i.ous effect 

presence of the toluene had in f~Qt incr0s.sod the 

gensit1v:ity of the m;jrcu:rJ and had produced a decided 



f~h$ft of} th~ tlW~$lM~li,,, ,tm•;r~ffle the ~1 thm;t · thi& 

shift is l'lf;,t due $lr~p1, t ,()· the •~• in bh.e 1lttJvl:lfflt 

field it \11~~.r- ·ft~ow. the fa;1t · t-.h4t · tt:i.e te-n4ltittv1t;r 

rMl!.l.1" tho ttwe.$lW}l4 1nt~()}A$·~s wi t .h ilhtf. adwJ.0$:l.O.tl ot 

t rJl.~le.'n(;t,, (11'\ttti v:rhen the ttpplto~. f!f.E"tld le h~ld eox\st~nt,. 

'Upon e<it1neetin(~. the · phct,<>••Cell \!r!.tll t ·h.e pumps,, , ti:1e: 

* tt.·€.n)t beg!s1i~ t ·o (l1$fii:P!){~W, th;;!! ft't}ti, e;t ~.bsni ,pen~~O{l 

be.:1:ng Vetll';J ~5);1)14 drl:.t"U.l~ ttm f!~$·t f tw, m~nts e»t 

ind~:it .of the. t.<'!H-~lt~ oi' $. or;n'fSanltnrtti-t:rn ett~,ct 'rJtt 

t1$;k$.ng ?AA'l$,$:1:~t'/Mutlit~ {Al''ti:!.1l"t tJWflPDl hQa be.gi.m~ 

t~ttrt"1Jl.tl.tel.y, itt iri nlao tllff!er..11t . to obt~1n 

oen$l:Stent el~ot~.:)mErt 1.1:r iie~d.tngs v1hiltJ th~ v~per i:s in 

t!Msi Gell.. t},t~o1:11J:rtti to, f,;l1tft1.n a $ftt,ru,-~ted phot,o•eu.1~~t1.t. 

1>;1· inc.?Ot1£»ing tl1e cQfltliode pot0n'bi.6J ott~n. r(cHJttl to(1 1n 

le£\ittig~ ~ ~1 $'~~:,to {:i :teeton1f::te~ 1l'oe4l~-. !kn;1(!rVel?, 

-~~"'" ,.-.,,,,,,r.,t,.t,..,. ... '""f " th~ A,....,.t.... Q.btfa! .. ne. d um-e~ ml. .~11; un. ,fl\V~8ibl.e V ·."i v ·'l.,,r;,:i• -¥ • ....._i1,.•.i.'4~!l~ .. . ~ ~~- ~ ,r41-· • 

tlr~n.d1 t .!on.$ Y-:! th tho51.e obtn111ed ).at~~, t ttl(}:» t;%1-0. (),e 11 f.t;, 

@011ne~tetl with -uh.e 'Jn:t1211)$,,, it 1a p oeti!tb l e to mrike .feli<tir 



The shif't :tn threshold towa'l:--d. the ·i~ed which 

e::-dsted while the toluene wl!.1:$ in t he pho to-cell ',\l:as 

of . the ordet' of lOOA, for both the c e.::,:e where t t:e 

vapor rer£Iained in t he cell f'o.~ i ·o mi nufl;<.¾1 e.nd the. 

t he phot<.~e.eJ:1 wat:J G9nnected wtth the pumps an6'. 'liquid 

a:lr both t he threslwld and t he $enstt:t v;!. t:les ·began 

t o rettl.l'n to tbe value for clean mer-O'LU,,y, but now 

r'Jone of the s:e11 i es of" ohserv¥.J..tions made for 

shift :i!.n tr..reshold upon the time of expo~n .. we of the 

mercury mll"fuoe t o the tolu.ene. The n1ag:ni tu.de of 

tho increase was of th~> en.me o.1~de1"' :regardless of 

·,uhethe1" the toluene :i:•e1mained in the oell one minute 

or· several ho1Jl>.a •· 

On the other ho..nd, the r.ate at. -.vhtch the eff0ct 

dJsappeare<l with pumpinG did depend u pon the t:lme 

t h.at the V'o.por wa.a allowed to 1:>e.rn.a:t.n tn the cell~ 

The sho1~te1~ the time of exposure of the mercury to 

to 1 t s norni .. al behavior '>'!1th pu.mp:i.h.g . 



t-01,_1.en~ . o.t, ,?109,n. ;1?em1J$!'a.t1~~;e .t The pre1:~s1.t1Je of 

the: toluen~ v~c1.po:r admttted. tc, th~• ph.ot◊.~,c~1:\ wn.a 

• iiJ :-li,t :ls ·Ca$e. ab-out: 30 mn1 or fi,ve times g:r-eato;r, tb.s,n 

1.'/hen tho toluene was, held. at ·,@
0 oif Fig . 4 represents 

a t -yp:Lcal ros:nlt obt&\.ined whe·n the vs..poj;) ◊f . this . 

pr es·s.ux•e was :i.ntrocL100.d i..11to the cell tor -~, ~p:to<i 

of 30 m:!.nutes . At the time e:e~-0 the heat wa.$. tn.1 .. ned 

nff on the mereu.:rJ st:1.11 so that the rtte1~cur:r $1\rft\ce 

:ohoto-cell was brotta:h'b . to !"est. 
- . • J . 

·. ,or e taken f or t he clean merc1.1ry and then at the 

po:tnt a, Fi g. 4, the photo••cell was cut off f:rom the· 

;-;as adr:dJtt~~-

At the point; b. ., F'i S .. 4,, :-m m:i.ll't.1. tes $.ftex- th~ 

of tolu.~n.~ was cut off' f:r,6m: th$ eell and the la.tter 

Vias con;ne.ctiod with the . rn~in pumps and liquid air 

c1ean. mercu:ry. As t'1 rne p1~ofsressed the sensit;ivlt~r 

decreas0d and g~$.dua11lr returned to t he norm:al value, 

hut the modified mercu.1 .. y suJ:-f'ace p:rodu.cocl by the con~ 

vapo:r. of' loi.•1e:r pr~$,su;re~.\ 'tn th$ ease of Fi s .. 4, 

42 ho1.u;os were r e,qu:1:i;:>$,d fQ;~ the photo,s.ens.itivity to 



b0haviori o f thB scnsittiv1t~r ~$.'bttb-ly occtW$ a1$0. in . 

tl'),e Ca$:0 o.f" .lovr~ Vlll.PO'l' 1_Yi"eS~111.t':;es, but :!,t h ::3-ppene -too 

qu.i:.ckl:v- fo:r obser va t:to:n. ~:his gives furthe:r w~igb.t: 

to t h0 <~ontention that data obta:tne.d while the qell 

c.crneJ..11sions regt:;i.i-tding t h e magnitude of ·bhe ef'tect •. 

Fig . 5 offer$ & n1rthet> illustratiryn ·o:r this, point i; 

rcpi"csent t h.l:'©shold detonnination made 4s pu.J::1ping 

pr c-gl?t::: s sed o.ft-e1~ a :so rn:1:nut:e exposu.re to tolu<mo a't 

t he cell,; i;'lft);S C¢,1mect0d 1.'Jfth · ·the pumps r• ;and G1.:i.:r11e V 

18 h<Yl'J~·s l;~i/;e_l?'Ji Gnrv-e r:r; 01i the otht'.t" h$.l'ld. , W~$ 

obt::d,ne.d iw111~d1:~_t el y af t er• $. 30.. ;nl1~~1t~ ,~posur-e to 

t ,.,.1· •,p~...,e "' +· o0 c \.,/. t. .. ......... ~ .J ~ .. ., ' 

D,ct:i?ing the time t hat toluene of 30 m..'n p:riess~e 



was in t he photo,..cell, the met:cu.ry showed. a shift of 

t t:.r eshold. t oward the ;red of t,h0 same o.~e:r ot rt.H\igni ... 

tu.de aa t ha:b p:rod.ucect hy va.p.or of 6 m.'l!i pressuJ?e, name ... 

l Y1 100A+ Clhl ngin~ the time th.at the v:e.p.or v- as Ell.o\~ted 

to ro-maiu i:n the cell app1ire-ntly had no effec't on the 

magnitwl~ o:f' t h :t.s shift, but did e.:h~g~ the rate at 

,:rh .:lch t .he· l ong y,1s.;.vei1otlength 1!m1.t :retul"'fiEld to n◊!'t7$tl 

with p•i.1..n1p~"ng., 

11 ccimpar:isi'.'m i)f t .he resu.1 ts o'l:rtained for different 

pres,3ux•es sho\W' that the rate a.t which the effect cit 

the C<Jntmrdnatio.n disappear$ with. pumpi.n g varies· '\it:tth 

t he })r es ::mre of' the v&po:r, as well as with the time 

of expc snre .. The Sl'l"eater t he time of' eu·..:pos1..1.re and. 

the g:J?eater the presen:tre of the V'apQl:', the mo:re persis·• 

Tho pi->eserwe of .small amou.nts of' toluene 

in a l :tqu.1d 5d?' trap has no npp1"eci~ble effec t on 
' 

tLe photo,., .. electr:to beha.v:i.o!' of mercury ~ 

( b) The p:r•esence in th~:, photo...-ce 11 of toluene 

100.& to :Jard the r-ed. Th is shift e xists whon the 

potentlal of t he mercu.:t\V is only fi volts negative, 
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although it is then cU .. f.ficult to measure because 

of the laek of saturated phota ... curJ:>ent s., 

( c} The sh:tft in the threshold oecu:r·l"ing while 

the vapor J.$ in ·the Dhoto.,..·ee 11 is independent of 

the press1.u-•e of th0 vapor, fCl"' the !'fin.go Of press--

u:re 6 mm to 30 mm. In this cmmect:ton :i.t should 

( 19) shovrn that; t he thickness of' tlv~ adsorbed film 

nnimolecular, even at saturation presBm~es,. 

( d} r1.1he shift in thre$hold is tndepende:n.t of 

th0 tL1e that the vapor is held in t he photo ... celJ., 

$evera.1 days.- The effect seems to rench i t s maxi-

mu.rn value a.lmost imr10dia:t-ely. 

( e ) A ::1erm1ry rn::.:rfnce \1'.thioh has been c ontR.'111• 

nntod ·ui th tolue.ne <:H1n be brouc;ht back to its nor .. 

mal behavior f' o1., clean mercury simply by connecting 

tho photo-cell wi ,th the liquid a:!.r trap fmd p1..unps, 

and -:·iithout the necessity of redist:111:!.ng the me1~-

sorbe-d la-,:rer of toluene; a,nd not. to an absorption 

(f) The rate at ,;Jhich the effee·t d.isa11pea.rs 

vapor tlnd on the time that the va.pq.;r :tS, :r~tuincd 



f or · t 1.1e 

istic beh&vior f o1"' c1ea.n inetal VHries betv:e ,·: 1'1 a few 

;:rd r.,utes and severa l d a:rs ,. the ttme increas i ng with 

i ncren.sed ex;::i0sure t o the toluene and wi th gr eater 

vmve -.lc ng th lim:i t of mercu.r·y s h ifts 95.ll t oward the 

r ed. 'J?hu.s tolu.e:ne emd benzene p:roduoe effects of 

t he s ame 

on. t he metal, · ca.utlon nm .s t be obs erved to see t hat 

the a r.F •l;ied vol'ce,ge i E suff't~:tent f o1~ a s a turated . . .. - - , 

photo~cu.1"rent ; ot herwis e ver y mislee.ding r e sults 

be ccnducted :w::tth a photo~a1ecti•:lc cell so des i gned 

t i me tha t t he r}on t a i:d11ating V:9.pov :1.s i n contact with 

a s to mnke possible the r.tse of high $.-pplied voltages 

w:tthou.,t result ant l eav..age. 'Mean$ sho'i..t1d aJ. so, h.e 



t he vol, .. m1e of' vapol' and th..rough 'the. laye~s of 

v~por adsm"bed on the -windmY 'ind metal of the 

r.,hoto ... cell. In this connection, one shO"uld 

consult the 1:-:or1k of Leupold on the effect of 

a;:i11n0nla .. on platinum ( 8). 



EFFECT OF TEMPgRATURE OlI THE . PHOTO~LECTRIO 

BEHAV!Oi. OJ SOl;.,ID AND Ll'..QJJD> I-!EltCURY 



1rb.e pb.ot<>~eleet~ic prepe)?t$$$. ot mer~UftY at '.t?()• 

tempe:rat'Ut"e ha:ve been studied ~littens':tvely, but with tl:le 

exception o.r some unpublished wo:rk by ll~ Pohl, there b:~$, 

been. no EJ.ttempt to study- the pt.otQ ... eleetr!e behavior of 

the metal at low temporat'Ul?et-. 

In expe:rimetr~S;l wor-l.t on th.e relation betw:een the 

photo•eleotrie eff!i)et und tem.peratu~e, tm ntt1~mpt 1$ 

raade gene.rally to gain lnf'·ormEt tJc>n regs.vding one o~ 

both of the following points: (-a} the. :qu.estJon of the 

exts'i~oe Qf a true t~mperat'.'i.U'e eft'eet,. that is t PhetQr 
{{},_:~~;~~::: • • •• . 

a Cl ean rt113t.allie $~faee suf.f'e.:r.s change,$ of' :1.t $ phote• 

sensit!:v'it~y and threshold. with. eh'ange,a. 1n te.m:.pez-attu>e r 
(b) the behavior of' the photo•electt-ie propert:Lell oftt 

a met$.l as it passe$ tb.rottgh the melt!.:ng point. and t~ough 

other t1".f:Ujs_it1on point:e, such as ,a c,rystallog11·aph1e changes• 

The gerwral eons-enema of opinion has been that: there 

does not e~tsrt a tt"'ne iremp~:i?attll'e ef'f'~ct ¢f; apprec:ta'bl~ 

ma,gn:1 tucle iii• 
1.f:hia aoncln.sicn is based cm 't.he. :t;•e:;i.u.1 ts of· 

ma.11y expe:rir.1ent:a. Yot a.t the ea.me time t:heiie is cons:1d• 

will be made ot the rno~e ~eoent tiOl"'k, with p~ticular 

t>egnrd for re~tttl ta which :a.re poaJ.t i'Ve in cna;r,aete:r ... 

l'.vea (:20) and IV'eij nnd .;Tolms:itud (21) find that the 



VQ~iation ()f photo~crru•rent "ed.th t emperattWe in ~e~U.Ull11 

potassium and ru.b:tdiD: :ta ,continu.ws'. _ and wtthout $J:}hpt • 

changes~ S~ooth su~taee~ 0£ pota~situn e~hib!t :a mucb, 

gre·ate.r vairtat;i.on t~ ro1.1gh aurfaQes.~ With a smooth 

~urfaee the efteet for ·yellow light amou.nta to a vari .. 

ation of ten to .fifte;en times between ~oom tempera.~e 

~nd the temper~ture of' liquid a~~ , Ho:rnbeek (22) eon:'!" 

firm$ the e::d.stt1nc:e of a coneide:vable temperatu~e effect 

for pota.ssiu,m an,a., in addition, finds ~- sl1AFP dl.$cont1n+ 

aiatee vn1.tbc a. change in t he crystal $.tm1cture: of. potas.~

S;iVJ.11 whieh is J!no,,.m ,.._t:0, oect;W at this tempetiia:t'W?~.i, tv:e,$ 

-~nd Johnsrud failed to find; sueh a i\it:tc()n.,tinutty,, ia:1 thou{{lt · 
::,.~: ' 

they knew of lifornbeck1 s r esulta1 and $.ttempi,ed to dup'.l-:1.~ 

eate the exper·imental condition& itncler whieh he wo:rke<:h 

. Uielaen {25} conalu:des ·that fO'f" alu.tili.11,un tne photo• 

mir:rent, due to 25'75A retnaine eons,ta;it within ½7& as the 

metal is cooled from 400°c,. t o ioo'0c~ He has discussed 

tho in.fl U(l}.nce oaf: . ._ ohaJnge ot tenr,peratul'e upon the threshold 

frequency on t he basis of R.:leliat>dson• s theoi .... , and. ar:r:-ives 

e,1;: the resu.l t that the tcra,per atut>e va.rifition of the 

• tm:-eihold is proportional to 1;;he iihompson. (.}J!">etf.:te;t~,nt, 

.Aee.o1fd1ng to thi$, the threshold f:reqne·n¢y $1?-,wid. be 

p;ract:to.a11f in.dependent of temporature, einG~ , the Thomp~, 

son coeff'ieient ie alWf.;TS Ve'!'y small.~ Hall {24} h.aa ob~· 



tained an expJ.'eS$:ion fo.r-- the W◊~k done in remavbg an, 

eleetton £ro·nHt metav.l: whi¢h :l.nd1oate$ tha.t t;he wo~k should 

diminish with r!i.se of tempert:lt~el 

Wehnel t e.nd Seil1gel' (85) be.Ve ObEH:.';t'V~.d that the 

emission curvea f'or- copper and $ilver exhibit lcinks at 

the. 1-:rnel ting poi.nt whioh indicates that the end$sion 

work of' tht, liquid state ifJ le.·se than th~t. of the., sl!>!id>w 

They conclude that the number of f~ee el~ctrons is :re-~ 

duced in pa$:s:Lng from the solid tQ the l:tqu;id ap'J)vox1• 
' 

DuB~idg~ (6) finds that fot> thn:oougnly ou.tga.ssed 

plutirl1:un ·c-h:e 1)hoto•current is independent 0£ tho temp* 

eratu:re up to 500QC,. Beyond this tempe.r~tu.t-~ the photo .. , 

current ri$E:3!!3 1 fi.!'st slowly-1 t hen more t-t:1.pidlY, u.nt:11 
() . . 

at l2.00 O it is o,bout double the value ia.t room tempt:ra• 

tUJ>e; at the $·a.me time, the tnresh◊ld shdlfts slightly 

to the red. Dp.B»idg,e. conoludt,a, tha.,t t h i.G is a genuine 

temperattw.e effect character1,$t!o of the metal it-$elf 

and due to the :!nere$..se iti the tnerm.a.l ener~ 1es; of the 

n :tree'leleetrcms which may become ttppt'e.e;ia'ble ~t high temp• 

at tomper~~btt:N~e b~tv;een !!l.be.olute zet-o a;nd room temperlil

t 1_;.1-.e, acq.o:t'iding to SuhPm&nn (2~,:) ~ 

Warn.er l (j.7 ) , ,~rorking 1:Jith tungirte'n, flnds the photo~ 



eu:rt>ent ·and t hr>$a.hol:d f1..,0qnenoy con$t;art.t u.p ·to l050Kt 

At this te:mpel",at~e. the thel'mienic •em$.asion \)eoomes. 

mee.sur~bl~ and. at the a.a-me time. the photo•<lU!i~ent be·~ 

gins to increase slightly, shc)wing •!l. l41i !ne~ea.se at 

1160!{,. 

Go<at~ (28) (29) ha.s mQde an e~tensive study or the 

thermio:n:te emissic,n from iron, s-ilVel..,; gold and coppe~ 

n t tr,ansi ti-en ~c1 melting po1.nts ·• He di$:OU.$$.$ ·$ the 

knowi1 ch~n,go-a in the elect;r,ieal properties. of metals 

e.t t hes¢ points with rzcH1pect -to .qonduetlv1ty and to 

thermal ·and :phet.ot!Weleetl"'io effect$. Sald:well ( :so) 

• finds '.~ha't. toti iron the va.~i~tt.on in the phot.o;•current 

w1 th tempel?attW~ 1$ ctomplleat~d. • In the r-egion 475o~, 

768°0 thel:"e 1$ a ?:ecr,e,~,: in the photo"'sensit1v1ty with 

it1G;r:a?!V:1t, in tetnp(~:rs:tuz-0 ,. and this <1~1dt7ell ree-ognizee 

as ,a p1.,U"'e tr1rnpora.tv.r0 e.:t'f'ect ! the~e: -at>e a.1.a-(> variations 

il'.l , tlw sena1tlv1ty whteh ·<Mltt be $.ssocd$ted with the 

t!"an$;ttJ<>na f':t,om a.lph:$, to beta and from bet~ to ga:mnm. 

:twon •. 

Pohl) of Ggttinge"n_. found no ch~ge in the long 

wav♦""l..ength l!tnlt of 111et,-e~ as it pe.$sed. f.rf>m tM. 

liq1.1icl t<;> t~ solid :i1t•:te 1 but Weausa of the d$,tf.lteul.,,. 

t~e·$ inl1.~r~nt in phot.o•eJ.e ctr1e expe.:rtments at low t~l'.ll~

e:r.ai?q,~e,. he concluded tn:at meJJcury 1,;•uis not a suitable 

met al fo:J?- s tudying. var~atione, at t:i."Dns.1,:lt;ion and melting 

po~t.a .~• Gonsequentl;y h" $OQn te~minateo: th(:f work anc1.. 

did. not pnb11sh any rea-ul t .s ,( 34) • 



~~ ~oblom of mel'~Y' ~t 1¥lw t©mpel"atu~e h:a~ a 
pa;!?tieu.ls:~ p,o1n.t o:r !:ntel'!est dtte tQ the taet tha.t tne,~e 

is evidence at a change in eryetal ~t,raettit'e son1ewh.~~e 
0 0 

in t .he region betw·een ~?8 C and ,•115 er.. J\llen a!'..ct A11i1nQff 

( 31) find one stll"U:atit~ at •i;!t7B
0o > while ~1'ieiethe.n and f1¢>f* 

. • <) . 

ti (52) find a diffe:r·ent-' :cn1.e tat ••115 o; Ewald and Jfo~t~ 

(33) conclude £:rom. these results -'chat the two very diff\ij 

erent determ!natioY'l.s e-an be exp1nlned by an allotropi¢ 

~wo ditf~:t"ent t .ype$ o:f phot:Q~¢ftlls were used du.i'1ng 

the c;ov~$e . o:t the ex.p~:o.im.ent. 

an.d w~:s o.f' the de~l:l;gn ~hown in Fi_g . $,. Mel.1¢\\~'1 EJnt©t·ttil 

the ~ell tli:rough .~ aid~ tube and. f orm<$d a pool on th~ 

Py:r~~ botton1 of ·the cell ... . A tungsten w:tre made eontaot 

iivith the me:roUJ?y t\nd tHfVV0d Qs a me1t11s of keeping it at 

a negati:v'1e- pote~t1~1.. The te oe;t vtng electt"od~ cons,i$ted 

of a fl~t • .c:ir,<:ru.1a:t- clisk of tung.$.teri;, $ em in d.ia.'!letf~.,. 

which eont~.:i.necl. a nt;U•:row .slit tl:',l>ougll which the light 

side tu.be 12 e1,11 1:n length,. ,orved as a $nppo:rt' for. thee 

disk and a :si ·a: eo.nducto,r to th$ 0leot;;romete:r.. ,Ju.et above 
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the receiver ·,eras a quartz window, v:hlch was see.l<::1d direct• 

ly onto a graded quartz to Pyrex seal.. r11he outside of 

the vlindow was k:ept chH1r of moisture b y blowing dry air 

u.r on it. The coll was sh:teld0d rnr covering its ou.tside 

-:mlls with a condueting laye;t" oi' po-:;rdered i;raphi te. The 

graphit e f':'lrst was moistened with a l:i.ttle vmt.e r glass 

a:nd water and v;ri,is then applied to the Pyr~l!t vd, th a brush. 

1:lhen the cell was baked, the graphite forned s. ha::~d layer 

wl:ich a :~d not scale or r ub off a ppreciably. The water 

apparently 

did not neaken the Pyrex, for no hreuks occurred :ln it 

duri:r:c; tvJO months of eont5.nu.ou.s evacuation. 

·>;)nst '..mta.n v. steel tl1 :: rr.10..,couple and a Ifod.131 ;;355 Rawson 

pJ.c.cod close to the pool of rner cu.l'.'y , but not touching it • ... 

It wr~s not im.bedd06. in the ljl,)rcu.:r·;,r because of the belief, 

based ox,. the experiences of other expcrimentel''S, that 

n gJ.ans t ube :'l.mbcdd.ed t:n e. v er y eJ.ean 11:'ndd motnl v1ill 

be fr a e tu1:' od v.rb.en tho t:-:.etal solldi:Cies . Later t l: is vras 

f ,)u:nd. n o': to be the case, a t lea.st f o:r. mercu.r·y • Before 

oalib1"attng tho thermo-couple, it vm.s subjected r ey;catec'll1r 

t o the 10,;rnst u:nd h:i.ghest terrrperntu.res to YJh:i ch later it 

,:muld be e xposed. 



De.fee ts in Cell Number 011e: Expe:rintents with the 

cell ju.st described revealed the following defects and 

these r1e1"e taken into accrn.mt in design:lng ai."'1 improved 

cell: 

(a) :-1:tnce the junction of the thei-'mo .. couple wa.s 

ncrl; :1.n contact with -tho mf:: rcury, a tempe1:atu.cr0 differ~ 

e:nce of o.bout 5◊ existed betwe en the m0:rcu1-y and the 

correG!.~tion for t h :i.s difference, it is desipable to avoid 

tho neces :::i t:r of it by p1acing the j1:..nction in the mer- ... 

{b) 11:he 'l1.S 0 of a c:':J.:t-rcnt of compressed a .ir as a 

:,neans of keeping t Le ce11 w:t:t:i:dov•I .ft•ee from :moisture :ls 

calcium. chloride and g.1.ass wool, :l t still corrtr.ined traces 

X'GCFd.:t'ed. to. kr;ep t he eold r: :tndow of the cell clean.. 

{ e) A strong drift of the oloctromoter· needle 

ins r ap:i.dly. 'J:h :t.s drift vl/'9.S n·)t clu.0 to leakage :Ju.t ,as 



had been built ent:trol:r of tungsten f 0 1 ... t he express pur .. 

pose of avoiding tLcrme-eleetrie effects, but account 

sten 1->od contain d:t:fferc:nt a ;:mmts of t horium., It is 

possible t i1at the nickel used in ,ze1d:i.ng t:-1e J:'Od to the 

d.:i.sk was a f'actor in pr,;du cing ·t;he effect;; uJ.so., ther e 

is s oi·;}.0 evidence t l'.1.at; the sudden cooling 01 ... war .:,.ing of 

t he glass walls of the cell rJr•oduce effects or f:1n clectri• 

co.l :i:1D.tu.re., 

coll i'r -:nn the still, no eJ.ec t rom.e ter deflection c ould 

be obtained u .. ·on oxponure of the morcui'Y to mon •:) chronatic 

J.i )1t, even when the l i 1..:;:ht 'Has of as s hm .... t a wa.ve•length 

!)t1.rin.·~; th.i:] time the o:Lectromotox' v1vcLld shou a strong drift 

i n tl:o d iroot:i.'.m :.t t Y.1 0<:'..1d have :tf tho a.:n.ode \'.J ere being 

ing 100 voJ.t s t o tho catl,.ode. 'J.1h0 curre nt then r'o.r idl::r 

a satn1 ... a.ted cttrrent could be obtainecl w:t thin u for: r::d.n-



u.tes of the t ime of ad.mission of the li1-'; rcury ~ r rovided. 

the r:1erc1.1ry fi1'st was e ::::posed to the intense polycl:!l"'o

:matic J.ight of a nm.keel mci:rcury arc lamp. r1:ho apparont 

cxpl nnation of the offect is that the mercury produced 

a large positive charge on the glass walls of tb.c co11 

v1hen it flowed in th.1..,ough the P:n:?ex tube and tha:t t h is 

cha.x·ge caused tho e lectron current to be def:Lec ted av1a~r 

from tho r eceiver. By O}'::pos:lng the mercury to tL.c ir;. ... 

tense 11-vVhite H light of th:; mercury arc s. large :>h oto

c1.:i.r1~cnt was produoed nhich. soon d:i.rrnipated the static 

charge on the glass . An al terns.ti ve e::-:-.pla.natio:n \ 'J, ' '.l ld 

be that a pure metal hur:; no photo-electric p:ropc:rt.ies 

nnd. tho.ti t;>e r:hoto•current ttppears after th.c surface 

either has become conta:,1:lnntecl or has been :11od:1.f5.0d 1n 

s ,·,r1e way by exposure t;o t ho 1 i ght . B,l t suc.h an cx.:

-n l unation is untonable, ns r,: !J.D.J conclusive e::;q)ieri~·1ents 

have s hown; and be std.es, t,here r•enains th,:, fact, o1)

served both h;r Kazda •;1.nd by t; :;e S:u.tllur, t hat a ph:_;•to• 

curre, t :l:s obtained imr:1edia..tely upon a.drni tttng r;1or

cnr:'f to the cell, pro·vidinc; tho mercury is ·::1.0.d.0 to 

enter thr·ough a :·:·ir: talJ.:tc eondnit -. 

The fm1 minutes delay incu:rred in 0.:1:posing the 

nercury to the naked arc is p:robably of no nor:1ent, c.s 



e:,cperi.a.ents ah.o wed that: the photc- current iat room temp.

eratu1,e vas oonstan.t ov ~:r a. long per·:tod. of time .. How

ever , it is desirable t tile abl .. 1 t o !Ila _;__e, 1.11 easu.rem .,:nts 

i mmed1..ately af -ter the met~.1 has b8en eondensed. f r om 

the vspo:i:• state , 

Ph~o~el.1 Number 1rwo: rr'hie oell, _· ig. 7 , was design• 

ed. t o (,1im1:na.te the troublesome feat ·:..r <:-,s of t he fir s t 

t ell. It di ffered in t 1 t:~ following ir11portant respeets; 

(l) the junct5.on of t he thermo- oou.pl e us ed for measuring 

tempera.tu.r es was i mbedded tn the surfa.ce of the pool of. 

mercury; (2 ) ~o pr e' sed air was aban&oned as a me~.ns ot 

keeping the eell window ,~ l ear of mc:7-erture . Instead, an 

ad.di tio:n.a.l qr:artz windo¥r was fast ened to t he upper end. 

or the cell:, a.nd t . e space beitvreen the t -v.ro w:i.ndows r:as 

evac-c.ated; this arrangement. not onl y preveintecl moistur e 

f"ttom fo1"'mi! g on tb e lindows,. but improved the themir,tl 

insulation of the cathode cf tho cellJ (3) the rec eivcrj 

ox- anode.,, was made f r om a s i ngle slv'.}et of t u.n~sten , 'GO 

reduce the:r•mo - el ectr :i.c f orees., ' .. l11. r:; di ~t: of t .1e anod.e 

was 1&.rger than in the f i rst cell, it being •t cm in 

d i amet er .r wb ile the sltt ln this c1:i. sk W8.S ma.de somewh~.t 

smaller ; (4) t he pool of merc1..u 7 forming t he c a thode waa 

eonta:tned in an. iron cup 2 . 5 cm in O.i$_mete:r , t he mex,eu.1"7 

b eing :ad':rd.tt ed to the cup th:r,ougb. an iron t ub} 1i1hioh 



passed out th::rough an opening in ·hhe wall of the eell 11 

The :mert1ur-y w~.s fed i nto this tub th~ou.gn a deli ve'!.'y 

t ub e f'raom the still . Both the del:l.ve·_r,y tube and the 

1:ron tube we~"' snr1"ounded by a larger Pyrex tube whieh. 

was sealed to the !'emainder of the apparatus; this 

a~~ange""1ent made it possible to dispense with a graded 

seal f t-cm iron to ~ex. 

Surrounding the phc,to- cell wa~ a. ·tigntly buil t 

gal vr:nized :i.ron oven. This oven was used. for bald.ng 

the cell . I~ eontained drying ra.at e1•ial and was ground• 

ed 1 so th~t it also served to :i.• ·card the collection of 

moistu1'\o on the cell vfb.en the latter "\!JaS cooled• and as 

an elect:rostatio shield~ The point nhere the tungsten 

lead to the mercul?y ce.thode ent ered the eell was pept 

dl .. y with a. small heating coil. TJ:i.e tungsten lead f l"'Om 

the anode to tl1e ele-otrometer emer ged fl"O!l'.i the cell a t 

a point outside the oven; this point was kept dry by 

ealoium cnlor1d aont&ined in the metal shield lending 

from the cell to the el.ectrometer. P-::Lg. 8 is fl gener~.l 

1a1ew of the a.ppru:>atu.s VJith the · oven removed; f.ig . , 9 is 

the same v:lew ',tJith the oven in place •. 

'1'he mercury fir-st was purified by the method of Appen• 

J and t h en was pl a:eed i n the stil l; Vi g, 6; whieh t ermed 

and integral pat of the- appat'e.tus • It was distilled 
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n li.n~:.;e liqt'. id. air' trap to t v:o sts. ,c;es of ccn.donsaticn 

as ind:1.cm,ted by a McLeod 

pl:'t s hod with o. cooling a gent .:;ont e.in1:.:d :Ln a s pcrni~llly 

c!.es:l·.,:n.ed 1:r·.c1e ... mouthed D<::YmP :f: 1.ask v:r::d . .cll sl:1.ppcd ovril' 

the l)o ttmn of the eell . YJ1'1en the flu;:ilr man fillc J., the 

cooling agc:nt eo,1c rod. -;~he n £i.11s of.' tht:J cell to n 6.istanco 

of 7 en abov~) tt1e ~mrfs.ce of the mercur y . r;:ir;.0 v·· rim s 

depcndinp.; 1.1"oon. ·:hti t .Jr:1pr; :;~·atl1.r c and rnto of viart:,:lnc de ".' ,· 

::.: ired . 

'Ihe so l r'CG of i 1 1 Ui.11:l.TI,:.. t :l 0n ·:.ms. 0. {}DJJ..l"tiZ. ll1B:i'.'CU :t>:y-, 



u, lamp entlot1ecl in an e.sbes tos-1>lined 11,_oJti. The 

lamp was QP•~ate<i at 91•95 velts and 2. 4 ~,s . Use 

was made of Hales• 1ntensitJ oalibrationa t0'1i th.is 

lmnp(B )., i'he light .f~om the shutter passed in tUPn 

tl~m1gh s. camera shutt•r, a lilg~- monoeb.?-omato~ 

and an adjustaele qu~tz le.nsj the len.s .fecus-sed 

th$ light on the Slit in the cell an~nie, 

fh<r>to-tv~en;ts we~<, mes.sur-ed in the aruaep de$t:rib64 

Ott page 28 of this rrep0l't, All eu;r-:f en ts repor:ted 

Ql'i'e saturation values . 1h.~ m$tt~J7 eathode :.ta the 

pheto-1.ell tlJas ma.1-taued. at v'dious t&e$at11'e 

pE:rtent:le.le..,, but tor,: the mest p~t at 20 volts i!.1$S• 

a tl•$ t~ ~f>UJ.\d. 

AN llffiEfEQ.MJT DE'l!:$RMDAflO.W Of f!U ilmESltO~ 

POR HmtCVltt At • 1-00M ·fEJtlfEll.AfU.U 

A1thol;lgb. '.fhote-.Q~l_l Number One Pl'CV$d to be 

unsuitable ft'>'!! wo.i!k 1nvelv1ng temperatut'l'e val'ta• 

t:tont1c its unique design. provided tb.e m~ana ft:, 

ms.kiJtg -atl ind.ependan,_ deteWfl.1na.t1on ot the tm-esh• 

old fei- '.U2ereu.~ at- ~oom t .empel"atrur'th '.\1h1$ ~ell 

d1tf'ered in sev~t¥tl.l 1mpo.rtartt respeets r.01n th~ 

ttells used 'by Jtatde.1 L)unil and Hal,es . Eath ot. i,hese 



,rev1ous wol"kex-s had used tapp~a.tus et essentially 

t.he same design_, exeept that Re.lea' . pp.Ql"-at\1$ .d.id 

not eontain ~t:op~o·ek$ ev ~etM1:nte~ j:o1nte. l,n eaeb 

t -ate the mer~ur1 .. to~in$ the t-athod~ or the ·cell 

wa$ eontained irl . an i:ron eup,, m d the a.node of the 

cell was ma.d"l of oxidized eoppe~ (Fog. 1). in the 

p.:res~nt wol?k-t on the ot~ hand,. the mt~e.tu.-,y- of tke 

eathode was ru~t 1n Q·onta-et vn.th 1ro», ~t Wi'th ~~ 

gle.sa anti ·tt.Ulgstb wir~, and the •node ot the eell 

was made o.t tungsten (F1g. ·Q) • 

Usi..11g Oell Num:be~ -e (Flg. ~) , t ·he. t1:u-ashold 

fop 11u.1t1'tut7 t l!'~OJ\ tempe-.atuz:a'e was fc,und to b~ at 

2735 104. wld.,eb, ts the va.l:u.$ to'Utld ~Y J.azd.ta; ~ -

at1d Ra.lea , llu.s ,itonstitutes the f"~st in.dependant 

@e.ek ·or the wa,k ~t Hales with a stationary &1.~ 

ra.ne tJf m~~* MoPeo'lte~, it bid~P"nde.ntly tonfias 

Hales·• ,~.one.lusion that sta:tio:n~y an<t tlowing me~~u,y 

have the same tmreshold• 

».t•l'Dl"'ati.~ wa• .ma.ct~ 0f the phe-to• 0.leo~:ri a 

thJJtilshold to1! $fl .id lltX-ClU'7,1, fQP Y.at'iou.s l 'einJ)'$--• 

atuP•$ bttw.c,a • lte.0• ad the m•lttq, pain,. ror 
-11 UetnJtaPat~•s il'l. this ?iaJ:ll$, tM s~li<i m<t.l;f4~ 

exld.hitei tu~,she14 ot 2'150 264, a.1 «.omp~e4 wtt:b. 

tht valn.e 2735 ltA at l(iQQffl. tepe .. e.tur:e . Bo definite. 



S~$temat:l.,o sh1tbs et" tlhe imies wlcl we~e ol.uie,;v~ • . 
ex ept that mere.u~y held at a l~w t empe~atur . ~ 

t::ir:rle:$ exQ:eedblg about one hour showed a small shift 
.. 

t .o a.rd the small wave ... 1eng~·1:region. !?he Pesul.ts 

gi'9'en i n ·the ,;iext- s0t.tion. et this ieport show thai; 

su.~h sbif'ts are du$ to· OQntrunin ticn. 

WHE PBQT~~DEO~BlC CURREBf AS A .fU'NCflQJ 

OF ':41EM.PERA'.HTBE. 

·J ,e-as1.Uttttr1ent&. we,re maie ot the plu~to• e-let:ti~i• 

erd.s$:l0¥1 as a tun.tloll ot tempe:ra~•, to• ea.Cl of 

th~ 11J'1e$ 25$14, 2<iti34 Ud 2700-A• Results typleal 

of all011t et,Qy ~•s •ad• to-, eatb ¢>! th.e.se lines 

a~-t eho.w:n !n Plg. 10. • •• ~oq 1atiaat$ the ~ • 

~oti~ia et t•J•:,at.u.Jttt Vd!atiofi, ~• t.imE> l'equl~M 

• to'ft• the nter~ tat;'b.•4e \c w~ up ~om the t:empe.-a• 

tui-e o·t 1.tquid air It) ~cc;m. tempt•attt.l',t,,. •• to• '1at 

OOGltq })Pf>0i!IS$ Clr/<'!fli the $tlm8 11-atltf$ &t tampet-atu.Fee, 

was Vt.u,led 'be,W$eft tn• h~ ua twe.l•• l\(>til"s • 

th• .lt$tJult.c fer lfl'fl~$a$1q tempe~atlll'tJ.$ m&f i-. 

summarued as tollows:t ( ) beginning w.1.'t;h t~e teap• 

e:r-atrui~-e er liqutd "~• \h$ $et1sitivity ls pl1-ae,-1eai,, 

fGns,ant u.»ttl -th.·· i'eg:ta •ih !ie!l25° ts ~e$1bed.1- Wh~(l) 

€i el1ti, t d ,$~eta$$ 'be@,1. n13. t.c ot•~• !his d&1~eas$ 

is ttl$St pr:~nouaoed l\&at' the meltmg point. Between 
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•l9cl' QftCil •125° the aens1tiv-.itie$ to 25374,, 26.53J\ 

-and S.7004 4tl'e about 2oj,, 40% and 60$ bigheJ'• · ~e~ peet.• 

t1Zel.y 1 ·th~.n the eor.responding vs.lues at room temper• 

atu~eJ (b.) du.Ping melting the sensitivity deoreases 

steadily~ • the per'Jentage of dee1lease being about the, 

same tor .~11 the 1:tnes, ( e) as soon as all of the 

m~:rcuey, nas 't.)e~ome 11qutd1 tm sens :Uttvi ty b~eonea 

oonste.:n,, ?>e.mail\1ng so tnltil the ~,e-on ()•• o9 is 

1'~adl ed.- \?here it begins to inePe.aseJ (d) e.t room 

t~pe~atu»~ the ,-aiue 1s tli@.-t.ly leas than the no~..,, 

mal '1'a.lu$ ttYIJ~ lll~Ptl~ at this tempex-ature♦. 

'!h~ fr.esulta toF de~eas ing temperat'lll?-e qualliiths:.':"' 

t.t~eq d ·e ot the S$,ltl@ gen&l'al @a:ta,o.tev at, those 

fo-P 1ne~•eas!ng tempe~atat-ea.. Vlben the t~esh l.iquid 

me-~ie.u:,y is :r~at 4,ooled the sensitit.it:y de().X>ea$es 

aomeil'f.nat un·til the f't>e~zing po:i.nt is :r-ea(fued• 'l!.tl.e 

de.e.rease ia n.Gt so i~ge, howeV$tt,; a.s tor eo~respond~, 

tempe~atuPes 1». . th~ wel'm~,..,up pJ?oee$s. ~ing 

r.t.-e,ting tl!Ui)f'$ 1 s a e.ontinuous tnereas& in .sens1• 

t1~1tv f>f too same o~d~ or m~itucie 11$ the dee:,eas• 

has solidified,, the sen61:itiv.i1tr t ontinues to intrea.se 

sli$htl7 until the P~gion ea.•lOQO is .r•a~hed• it. 

th•n llete)Jtte$ tonsianl, at a •alu.e some-mat l.esa th.an 

~ •or~e:$1l!OMiJ!ilt tem;p~z-atu.Jt-es f'01" tu, wa,.,ming-.-up 
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The inte .. pretation of i 'ig. 10 is faeili tated 

by an inspection of hhe results eontai.ned in Figs . 

lla, llb and llc 4. These latter curves were obtl9.i n• 

ed b;J proc,3du.1~es d.i!'f ering in one way or anoth@l? 

f rom 'l:;}':i.e routine one ~ 

P'ig. lla shows ·the Gft'eets on the photo-s ensi• 

t iv:ity to line 2653A of' repeated and prolonged 

eooling and 1.li/~rming ot the mercury ca:chode .. I t 

is to be noted that i.n this figure th~, photo• ourrent 

is plotted as a funct i on 0£ time* and not of temp• 

eratu.re-. Contamination effects are noti~eable, 

but it :ts also quite evident that with each ehange 

of tlle me1 .. cu:ry f'rora th liquid to tb.e solid phase, . 

and Y.,i,ce v~z: .. ~!• there is associated an j.mmedia.te 

change 0£ sensitivity. 

fha r~sults of Fig. ll.b were obt ained for a Gase 

vm.ere the cell in.i tially contained no m<.}rcuz-y., tt 

the time ie.;r...:2 the eell Wl¼S at r>oom tt!m1p.erat ur>$ a.nd 

light or wave length 2537A. vms inoident on the empty 

iron cupJ no deflection of the eleet~ometer was then 

observable . t:flie eell,- still devo.id ')f merem,,;y_, w~.s 

then eooled to •25°; th:i.rty milT1tes later a cu~~ent 

was obse: va'ble . It was., howeveai-, mut'Jh S1naller than 
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t h e normal ~alue .for this line. There i s l i ttle 

doubt but that this eur:rent ijrune rrom me:reu:ry 

condensed on the 4old itton eathode,-... dis t i lled ove~ 

f r om. the supply of me:r¢u:r-y eontain~d in the s till and. 

pump. '!'his undoubtedly aeeou.nts .for a part of t h~ 

in~fi"'ease 1n aensi ti'i'ii ty oco1.1.Jt1ng when the f'Ltll eup 

of mer4ury is cooled (Fig~ 10), Bor this newly eon• 

densed meFetu~y 1a not only veey olean,: but probably 

is initially atomic i.n structui,eJ the su~taoe Which 

it would fo:N1l on the solid m$:rout-y should b~ "7e'!ty 

efficient photo--eletJtJ?ic-ally,. At the point marked 

( l), Fig. ll'b,. the merreurr in the sump adja~ent to 

the photo➔ell was heated with a to~eht bubbles of 

gas eould be seen es•e..ping .rx-om the au.mp e.nd at the 

same time the sensitiv>ity ot the cat hode decreased. 

fle.ating the glass walls of the a.ppar-atus also lowered 

the sensitivit:Y• 'J.lhue at least a part or the "tatlgu.o• 

app~ent in Fig. 10 oan be attributed to adsorbed 

gases., At the point marked (2) t Fig.; llb,., the 

:refiliget>atoP w~a ~emoved from the cell• thus \wingl1g· 
( ,., 

the cathode t o room tem,eratu.reJ en ine~ense in the 

sensitivity l"eault.ed~ Th~ condensed. l ayer of mer"IUl"f 

a pparently i a quite st;able. The aotio:n of contam• 

inating wbstano•·e ie see~ to be t-apid and to be 

clc>self assc·eiated with Changes 1n tempei-atu.-e, 



U:nfortu.na-tely- no .turthe:r studf of this eft'e~t 

was made-. 'J:he behavior of eondens ed layers ot 

mercuz•y at; very low temperatures should be inves

tiga t;ed. 

1.l:he do.-ta for• 17ig. llc were 0'btai.n.ed s.nd plotted 

i n the same manner a s those of Fig:t 10., except that 

§.brupt :l.ncx•eases in the temperature of the ma~out7 

cathode o.nd of the cell walls we~e effected by 

lowering suddenly the suTfaae of the refrigerating 

agent sul'•rounding the cell-.. Such a proced~e 

(pointz l :md 2,_ Fig .. llo} inv-ariablJ resu.lte4 :ln 

a low@ri:ig ot' the sensitivity and generally was 

accomp:mied by s.n obse;c;vable WJ.sn.ge_ in the appeu• 

ante of the me;o-eu.ry s~faeef' usuallcy from a smooth 

dull gray to a rough mete.llle a.ppee.1:--anoe,. This 

d.l"OP i n s ensitivity wit11 s1.1.dden warming ea.n safely 

be attr•ilJtrced to a combination of' two ee.:u.ses a (l) 

a transre:r of gas from the cell walls to tbe i-elat1Ye• 

ly i;J cold mercury; (2) e. change in the photo•eleet-"1• 

efficiency of the me1•cur1 surfe.ee due to ooa:nges 

in its structut'e with sudden changes in temperat~•• 

This change in sffieienoy migh.t oe due to a ehango 

in the optical absorptivity of tho mereury. 



sm~tARY OF RESlJLTS Ai."m COliCLUSlOHS 

(a) Solid me:rou~y e~ibita no vat>iatiori of 

photo• s nsititr1ty ~ith tempc~Qt'!J.~e in the regio• 

-190° to ~39°; thgi.t is to say, thet>e ia no u:pue 

t mpez;at'uife effeet. Slight ohe.:nges in ·the slt:rpes 

of the s&nsit1'\Yity ~UP.V6$ , Fig. 1011 :tn the region 

.12s0 to •39°, a.Pe n~t r pt-odueible at definite 

tempe~a:b-u,res ,., Th.~7 ~e <,lose1y aaso-tiiated with 

0hmges in th$ level of the tooling agent Stl~I"dn.U'w.• 

ing the ttell and with ehanges in the rates of 

vi@,i-ming and eoola,ng., H$:nce theJ ~e atta?ibuted. 

to the ~ffeets ot centamination releas d frotn or 

tr~p ed on the ¢ell walls and to eh nges in the 

opt:ltal a.beor-btivit-y of th eretU"y surface. 

(b) ·o r<!sults we:re obtained whioh eould be 

att:i,ibuted to a c.hange in the evyst.al strut~e 

of the so11d mereuyg'• E:ith~ th$ strocttttte doe$ 

not thange lln the region of tempePe.tures investi• 

gateif!. of els the photo• electz,it, e.ff etts prod.u.ted. 

by sueh a ~har,ge in the st~ittu~e of ttt~eun a.re 

too small to be detected 'Q1f this. a.pps.~a.tus. 

(c) The t!Weshold to~ solid mf:reu.~ is at 

2760 25A11 a.e. comp~ed. wt ~h the tf altu) 2735 lOA .tor 

1:tquid me:PCll:r,y 11t ~om t~mp~atnlt'e ., Thu~ the 



thresholds for the solid and 1:tquid phases a.Pe the 

s ame, vrlt hin the limits of' t~rror o;f the experiment, 

(d) The photo-electric sensitivity of solid 

mercury is highe1.,, than that of the liquid. 

ther•e is no a ccompanying oha.:nge in thr0shold,- 'l..his 

high.er s ensitivity is attribut~6. to a change in_ the 

photo•·electPic offic:1.en~y::,0 0:t tµe mercury surface 

\Vhen the met al passes from the: liquid to the solid 

phase. The highe~ eff:Leieney of the solid mercury 

ma.y be due to an lne.rease in the optiQal abso;-pt11'1UJ 

of the surface, fo1• pure mercury has a dull gpa7 

appear@lloe when f'rozEm,: as eon tr as ted with the well• 

knmv:n specular appearance of tb.e liquid. 

I t is impossible to say definitely what put ot 

the t'oregoing increase in sensiti~ity is due to the 

oondensiation of fresh mercury on tne f~ozen sur-t'at•• 

From a '10mpuison of Figs . lO and llb. it does not. 

seem possible to aecount for all of tl1e inerease in 

suc.h a. way• 

(e) f..iquid meroury at temperatures 'i;nt ween •39° 

•nd o0 shows great suseeptability to a eontaminatioa 

whi<sh lowers the photo .. sensitivity. 'Ihe effects of 

t his ~onta.rnination begin 'to d :i.sa:ppea.r when tli.e mer• 
0 eur1 :ts heated to a ternpera.tur~ above O ,. and ean b>e 



eliminated entirel-st by heating the me:reurJ and 

t 'ell to a tempeva.tu~e $®newhat ~eater than that 

of the ~oom., 

(£) Three eOY!1pliea.ting and troublesome !'&.~tors 

$~1.sted in these e:xperimente .. The fix-st of these 

\Vas the eontinua.1 eondensation or me:Peury upon 

the oolid mercury cathode . 

eithel' by ses.11:.-rig off the photo•eell from the 

-pema.inder of the s.ppe.?"atu.s bef'ore begir.i.."'ling obeer• 

vatione or by placing suitable me(lb.an1eal valves 

in the l)ell outlets. 

The seQOnd f'aeto~, cont~ination" is not ea.$ily 

eliminated in low-temperature wor-k, The coole<a. 

When the ~ell is 

cooled auddGnly to a low tein:pex--ature,, . con.tami:nat:ton. 

,olle¢ts on t-b,,e tol.d ,ell walls, and then tre.nsfere 

to th.$ fJ,old mereu,nr tathode as the cell wa1.lla Wa:fm 

up,. The mc>st ob•ious remedy is to e1nploy a .eell so 

des:!.gned thtat the cell walls i.lwe:ys a:re at e. lowe• 

ternpere.tul,'ie th$11 the tmthode. Placing the li.quid 
' 

air tra "tfe'!!y ·c1ose to the p.boto~eell also would 

be an imp~ovement . 

The third troublesome facto~ was the p:t>ese11e-e of 

thermo-electt>io. rorees • 'rh.e cha.nge from Cell Jwnberi 

One to Cell Number Two w&s a ~onsid rable imp~ove• 



me.nt 1n th1s r.'espee:t;, but this tyoifbl'esonre 1'0.etoJ1 

ean neve;r be entirely eliminated a,s long il.S 

tempe:t>a.tur-e variations are all owed to cecu_r:.: 

at the point ,mer e the anode passas t hrough the 

ot!euring in the glass vm.~n its temperattu-e is 

eh&nged;. a:re also a po.ssi'ble sou;r,ee of tJPou.bl.$. 

In d~signing a eel1 to~ futtll'e wo~k• pPOvis1on 

should be made for better thel!'ma.l contact between 

In th$ 

~ase or Oell lilu.mbex, TWo is was dii'f1¢ult to br-1ng 

a\;ou.t r 1apid t.1han1es in the> ·tem.pe:rta.tul;:"e ct the 

<;athode because the il'on eup was so well insulated 

thermally from the remaind~r of the cell . Th1$ 

mod.if'ieation in e~ll design oan l>e made without 

dif iculty. 



A ;j f~':f HOD OF Pun I FYI NG HT::RCU:HY FOR 



A J!ETUOD OF PUR!F'YING :&1EROURY FOR PHOTO•ELEO'ffiIO 

PURPOSES 

Special preca1-ttions are required in the prepara

t i on of mercury for use as the active metal in pho to ... 

electric exp01"'iments.. The mercury must not only be 

free from other metals; but it must be free from gl"'ease 

and otb.01" contaminations; hence it must be protected 

from con tamination b y rubbel"' and by stopcoclt grease 

during thEi p l"OOes s of.' dist:lllatton. 

The author has used with success the follm".!ing 

routine in t he cleaning of mercm•y. None of' the pro• 

ce sses cont~ained in t his routine are wem, although it 

has been f om1d to advantage to modify them in certain 

detai ls. It is considered essential to subject the 

mercu..I'y to all of the processes in the order in whi ch 

they are rui.med. 

S'..n~PS IN TlIT~ GLEANING PROCESS 

1. ,,: ash the mercury t horou.ghly in a 1O'.t solution 

of potassium hydi-•oxid.e. 

2. Sha;ke or raix the mercm•y for sevri')ral hours 

w:tt;h an equal amou:n.t of 'three•norma.l nitric acid. l1his 

:ts best accomplished wich t he aid of the c0ntr.if1.,igal 

rotator; Fig,. 12, '.7hioh is described in detail on a 

later page. 

Wash the me:r·onry :tn distilled water, run it 



2, Append:ht 

t hrough a minute pinhole ::ln. t he apex of a. filter paper 

funnel and finnlly heat the mercury to 110°0. in a por

ce1a.:in dish to dr:r it. 

4 . Distill the mer cury r e peatedly b J· t he meth od 

of Hulet t and Minchin ( 12), us:lng a some what modj_fied"~' 

f or m of the still ·,7hich they describe in t heir pa per. 

This mod ified f oi•m of still, Fi g .13., is describ e d in 

d e t ail on a later pa.g 0 of' t his appemlix .. 

5. Pass the mercury t hrough a p i .nhole in a f il.., 

te::r paper funnel, r epeating t his process until all 

traces of oxid e have disnppea1"ed f rom the surface., 

6 . Distill t he mercur y repeatedly i n an. ordin• 

ary s till r:hich fo·rma an i:ntegre.l part of -the photo

e1ee.t ric apparatus in which t he mel'"Cury is finally to 

be used, Th.is process should be carried out in high 

vacuum and its purpose is to free . the rnereu.ry f r om 

occluded gases, Distillat ion in a. h i gh vacm.urn v1ill 

;_.ot free t h e mercury .fi-,om f oreigh me tals; it is for 

t h is latte r purpose t hat s t e p 4 is emploired . 

~rhe centrifugal mi xer, F:tg .12, is easy to con

st1•uct and it pr ovide s a more effective means of t reat ... 

ing mercury with nitric acid t han does tho ordinary 

tt fallu tube , so commonly used :tn the mercury cleansing 

process, or than does t ho ordinary rnechanioal stii-•rer. 



3, Appendi.x 

U.B.Bray made use of the centrifuga1 mixer in prepar-. 

ing merm.,wy, but he does not describe tho device 1n 

h is paper ( 18 ) •. 

The ve1"tical shaf't of' the mixer consists of a 

30 cm piece of 7 mm g lass 'tubing ·which is closed fit 

the upper end and opened at the lower end;: <_ro the 

lowe1" encl of tho s baft and at righ t angles t o it is 

sea.led a 10 cm piece o-f the same kin.d. of tubing , shap • 

ed as shovm in the photog1,aph, Pig. 12, and dra..vm out 

at each end to a 2 mm opening. irt1is cross.piece con

tains a third opening in its lower center, opposite 

the point v1hel"e the shaft and cross ... piece are sealed 

together. •rhe upper end of t he s haft is f:t tted vdth 

a p i e ce of a s ho:t->t; tub ing having an i ns ide d:tnme t cr 

sl i ghtly greater t han the outside diameter of the shaft; 

t his sl:n rt tube :ts hoJ.d in place on tho s.haft by ·c·wo 

po:rfora.ted corks 1,vh:1.ch fit the shaft t:1.ghtly.. The nix

er is c l amped in a vertical pos ition :i.n a be:t;ter-y ,jar 

c ~; ntaining the mix.tu.re of nitric acid and mercury, the 

lower end of the mixer being pl a ced close to the bottom 

of the jar. It is necessary to lubricate the porti on 

of t b.e t;haft bet\;een t ho t wo corks ri:1.th a small om.01:.t..11t 

of vase line, but if the lo·.:re1" cork ft ts the sl1s:f't tight-... 

ly, the vaselin:0: ·will not c o:n.ta,·d.ne.te the mercury~ The 

:'.:15.xer s }:ou ld be operated at high s peed 1):lf mee.ns of a 





sme.11 moto1" attached to t he shaft wit,h a piece of 

rubber tubing or- a bolt. 

E;ufficient 11qu.:td should be p1aced in the jar to 

cover t he open ends of the mi xer .. The best results are 

obta ined when the height of t he mix.el"' is so adjusted 

t hat t he :aereury and ail: a l term.a tel y ent er t h e opening 

in t he center of the cross-pi ece. 

DRSCRI?TIOW OF A 1~1◊DIFil~D F'ORM OF IIDLBTT AND MIWGHIN 

MERCURY STILL 

r.rhe still is shown in F:1.g. 13~ It is constructed 

in 'chE:} mannel: described by Hulett a:ri..d Minch.in in their 

paper ( 12), e1r.oept for t he .foJ.lmi.1ing ch anges: 

(a.) Tho long t ube rihich ex t ends dm-:,i:11 into the 

distilling fla..sk i s held i n place in t h e n oel! of t he 

flask b y a g'l.'tix:nl g1ass joint Elqu:1.pped with a mercul'Y 

seal. Air i$ adm:ltted t o t his tube through n stop cock 

ancl dr:r:tn.g tube , the ls.tte r not being sho·,rm in t ho f'i g- 

ure. It is suggested t hat t he s topcock be eliw1 n at:H-,d 

from the a.pps.ratus as a rnea:ns of controlling t he amount 

of a.i.:c enuering t he flask and t hat it be 1~ep1aced by a 

capillary opening~ t he s:l.ze of -,,111:tch will have to be 

cleter>m:ined by tl"ial- If t he stopcock i s used it m.ay 

be lubrica.t;ed v1ith· a smal l amount of graj:;hite , but 

stopcock ,grease should b e avoided .. 



5, App.end.ix 

!f phosphorus pentoxide is u.sed as a. di"'yi:r.1.g a gent, 

one should mttlte sure t hat it does ,not contain phospho~ 

l">"ll S and lovio:r> ox ides, for t hese i mpui,,i-ties are likely 

to so i l the mercury. The phos pb.or1.:1.s pentoxide can be 

pu.rif ied suffic iently for the p!'esent; p-t.u ... pose by strong, ... 

ly heating it in a tube, in a etxrrent of dry air, bef'Ol"e 

it :ts placed i n tho drying tubet 

(b) Th.e distance fr e;m t he spherioal port ion of 

the d istilling flas k to t he ent ran r..:e t o t he condensing 

tube sho·~:.ld be about 6 c:m or more; this redu ces t he 

possibility of u.n.disti1 1ed ::10:r-cv.ry be:tne throvm i nto 

the condenser,. 

( c) The r eceiving bottle ls joined to the eondens ... , 

1.ng tube by a gPound glass j o:tnt, p1 ... otected i)y e. mer cury 

seal. Such a j o:l.nt is much more em'!Veliient and less 

f ra.r;ile t han t he merm.u•y c ol mn..11 of barometric height 

cor:c!onl y used at this point. It :i..s, however, more cliff• 

icult t o construct. 

(d) 'l:he pv.mp or as pil'ator corn:ection is e quipped 

·,;i th a t rap and a t wo•way stopcock • The trap may be 

cooled vJith solid carbon dioxide .. 

It vdll b e seen t hat this mercu.l"Y still preserve s 

the essert:tal feature of the Hu1ett and Minchin a ppara

tus :tn that it provides for t he p:3.ssage of a cu:t"'rent of 

air th.!'ough the mol"cu i-•-y during the p1"oces s of dist illa• 



ation; t he function of the air 1.:a to oxidi~e volatile 

f' oroign metals and t hus l?ernove them completely from 

the mercury., The still i s so constructed that the mer ... 

cu.ry is p1:• ot0cted from such contam:Lnat:lng materials as 

ru1Jber, stopcock gr ease , cork., and water vapor. 
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