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1. IntrorkuctgoR

   1[t is well l<nown 'that the aclsor:p'tion ef certain dyes oR the surfaee

of silver-halide crystais ex'tencls the speetrai res.ion of pho+.o-ehemicai

reactlons tewa•rds the recl ancl even 2n'tso the infra-recl. Iit pracbic.e,

this [principle kas been appliecl to photographic e!nulsion and veni.ftrkal)le

progre$$ has beeR ma(le k} ehis fiel<l. Tl]e l'tmclamental interpretation

o'ff this phenomenon was only given on a generai idea by IK. XV
Gurney <1) and o*hers. [Reeently it has 5een .iseertainecl experimentuil>r

that tl}e max2!num of pho"tof,r,raphic $ensitivity of d>red emulsion eoin-

cides with that off absorpeion of tkose dyes in adsorbecl states, an<.l
that ie moreover eoinci(/les xx'itli regions o{i photo-eonclnctive e'eceets of

dyed g, ilvez'-kaiides (2, 3). .
   Since ali these experimeftts, sbiectros(:opie or pho'to-effeetive, xvere

eaurriecl out oft powderecl sample, the resul'ts ob'tsainecl are not always

sufficiene for eheoreeical co]},siderations. Obviousiy it seems better to
earr>r out these experiments oR large single erystais oÅí sliver-l}aii<ile. Btit,

$ince tkese were not o'p•tsainecl when our investi,cr.atioits startecl, artificial

siitgle crystais of roek-$alt (4) xxrere used ii} our expeyin]ent as the

adsorben#, on whieh effeccive clyes xvere adsorbecl, and photo-sensi'tize(.i

photoelectric efi7eets appearing l'rom this adsorptioit were stacliecl. It

has been found that all the f.acts Åíoimd in siiver-halide emul,gion oeeur

also in roel<-salt. rrhuis, our 2itterpretation ot' pho'to-sensitizing mee}ia-

nisrn can stancl oii more conevete idea.

2. General priitciple

   Dicyanine-A (E. Merck), I<ryptoeyanine, Pheitosafrani}}e(IB"uji ?hoto.)

xN'ere used as I)1}eto-sensitsizing dye$. Artiflcial sing!e crystals oÅí rock-

e
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salt prepare(i in our laboratory were uEed as t}he adsorbent. Absorp-
tion spec'tra of the }i}hoto-sensi'tizing d.yes soivecl in absolute methyl

aleohol (E. LMerclO anc.l in distillecl "rater were measure(il a•n<il these

speetra were eompare(l xvit•h those of dyes xvhieh were aclsorbecl on
rock-salt. Ti]e adsoyption xvas efi7ectecl by subliniing c.lye niolecules

iipon "uhe surface oÅí a roek-salt piate by means of evaporation in vaeuum.

It was noticecl that the absorption maxima in adsorbecl state xvas shif.ted

towards the Iong wave-len//rth sid.e. Then (ihe spect}ral sensitivit}y oÅí

photo-conductive effeet of the rocl<-salt crystal which adsorbed these
dyes, was measin'e(1. It was 1'oumd. that these pkoto-eoncluet2ve ureg2ons

almost coincicle wlth the $hifftecl absorption maxima off (ilyes adsorbed
on rocl{-salt crystals (3).

   The sl)ectrai sensitivlty ot' photo-electric effreet oii these dyes were

measure{'l a,n<ii the (.listttnee oli eleetronic energy ievels be'tween st•{tble

state an('l zero-sta'te of tho$e d,yes were (leterminecl. [E]he pho'to-electrie

eflirects oÅí roel<-sa}t cry.gtais containing IB"-centers were also measured

anci rough estimations of:' diifferences ol' e-lecttrojiic enes'.cry levels between

gromnd sta'te and. zero state eff IIi'-centems xvere macle. rLirhus, correlations

oC'` eleetroitic energy leveis beti's•'een roel<-fa,It aii{'l these dyes can be

obtt"necl.

   If use is made of these correlations of eleetronie energy levels, re-

lations between eond{ictioft levels oÅí rock-salt and the lowest excitecl
levels oÅí these dyes can be obtainec]. an(l n]ec'hanism oti' sensitized. photo-

conduetion niay be considere(l. ' '
3. ExperimeRtal restsks

   (i) Absorptien of dyes in solution aptd in adserbed states.

   Absorptioi} speetra eC" photo-sensi'tizin.cr dyes soivecl in niethyl aicohol

aitcl in wat]er yespeetivel:}x "'ere measurecl usiBg a monocl}romator pro-
videcl xvlth a eoncave .c.rrt}ting ofi 1 m. focus ancl a photo-cell (P(IJI---65-G;

-?Y([azda) with an an]piifiei' of' DuBrids.e's t>rl?e(6) tisin.c,,r, UX-54 tube.

A "t'50wa{]t tungsten-flila,me}it :projection iar.np xvas usecl. as a light source.

rrhe outl?ut of' tl}e ainplifier was eoi}neete(l to the gaivanonieter (sensi-

tiv'ity: 10F'iO A-mp.) ancl its cleflectio]i was rea(l by a seaie 41m. apart

fron] t•he galvaRometer. [l]his arrfmgement ean be used f'or the mea-
snrement off currents by abont 10lpi't Aii]p.

   In orcler to investigace the absorption oif t}}ese d.yes in tk(g.orbed

state, clyes were evaporate{/I. in thickness ot! .about 50emidi on .ft rock-

salt plake in vaeuum anCl the absorption was measureci.
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   (2) Phote-conductive effects

   Speetral sensitivity oÅí" photo-eon-

diictivity oÅí roek-$ak crystals which tst
a{{sorbed 'bhese dyes, were meag.urecl by
                                                Filter
i.;il•11\,::Lli'2,ii•gii,ur"kS,bge.-h,li)I'teii.).,g6'I'i'2'5,l"#,&,c/i'prg,•ISO,tl>on.a'

nionodhroma'tor, since intensities ot'

lig'hC transmittecl through the mono-

ehromator were too weak. A. 750 watt toGri
projeetion lamp xvas set 30 em. apart Fig. -t.
'Åíron] the san)pie (D) aixl vftt rious filtei's eonduetive currents.

Were iriserte('1 between the lamp and ]'{;ineta} plate, I;
sam}?les sue(tessively• A photo-Åëuri'eiit ixl.eSd',illl•c;esti...

          in the d>'ecl crystal (N) waspro(kÅëecl

lecl to the,same amplifier usecl in the a

resistanee of roel<-salt erystais xvas Åíouncl to clepend on

of the s{irroundiiag aSinosphere, atacl the ease of

photo-eurrents clependecl on this resistanee. As very
"'ag. assoeii,tecl. witl} high erystal reg.ig.eance, a <'

insertec] insicle 'tl]e measuring apparatus

erysinI was n]aintained. so leM 'v 10Zr' P./cni. Sinee our•

were performe(l a't about 25"e, the aniplifier was

lsceep oflr the eff'eet.q, ot' eleetrolytic curreiits by these thermal

   As tbe wid'th and eoefficient oÅí transmmission ban(ils

among eaeh 'filter, pho'to-etu'reitts measurecl through these

show absolu'te s'.tir5ectrftl sen$itivity. Absoiute amotuits oÅí

lif.rh't 'transmittecl tl}roRgh theg.e filters seÅí i"n tl}e position

were meastn'ecl by mea'ns of' Moii's micro-thermolpile
bratecl against a stanclard. ]{IIet'ner Iamp(7),

at 1 m. cli$tftnce per cm2 being 22.6Å~ 10'"'

But, in otu, arrangemer}'t, the tl}ei'mopile use(l producecl
which corresponclecl to 6.386 Å~ 10'-`; eal/$ee -- 2.763Å~i02

sidering its reeeiving area.

   Fron] these relations, photo-curreiits in the ease xvi}en

is transmit'tecl t!}rough eaeh filker, may be ealcula'ted

regioiis showinpg plioto-curreitt may be cl.educecl. ri"his

[l]able 2. I[t is seen 'that photo-curren'ti increases in the

filters VRI ancl VR2 corresponding to the vegion oti
ct ancl B of Dicyanine-A in adsorbed st•ates.

D2jes.
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                   i$ sholN'll ill
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                 (3) Phote-electric effects

                 In order to measure the photo-
   to Gria electric eff'eets of these clyes ancl oS'

----
 to BaÅíz` ery i'Ock-salt er>rstals containing lli'-centers

              respeetively, an arrangemei}t shown
              in Ii'ig. t5 xxras tise(i. In the case of
   ' }) h Dto-              clyes, a silver plate on wl}ieh these

  ' ), c; ca- were evaporate{l Shieldy, was sei'vecl
   ivith dyes), as a eathocle (C) and. a• niolybc]eliU!ii

              xvire as an anode (A). rLl]he whole
   Iass buib (G) xxrhich was evacuated and then '#ip}?ec].

         xvas coniiected to tke ,garne anipilfier used

    ' IIiiiltere('l light ivas sent on the fample
        (Q). "Xhen photo-eleetrie cRrrents pro(liieecl

             divi{.ling' pho'to-(;urrent] by ehe nim]ber

  efficiency (8) was caleglatec] f'or the case ot' Di-

       to 10-'"', whicl} is. very small in comparison

      ("'hich is about 10'"'i'),

   in rLl]•ables 3, 4, and. 5. [IIt is seen khat nmximum

           effeet are 43,Ojv440mpa (coreresponding

              in the ease oti IDicyanbie-A, 480'v
   ' l'"'Lryptocyanine ai}(l 230.'v240pnpa in the ctse
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   IPhoto-eleetric eff'eets of roek-sal't crystals kave ah'ea(ly beep gtadiecl

by IP. [lra}'bakowsky (9) ap-d. other$ (ie). Aecor(.ing to t•hem, diÅífrerences

ot' energy be'tween levels ot` ze}'o s'tft'te and. .crrovmcl s'tate of Iii-center

of roel<-salt crystalg. is abou'it 4.4eV. XV"e repea'eecl experirpents ancl

verifiecl their re$ults: IF'hoto-eurrents were not ob't•ahiecl by the lis,ht

th'i'o.ug-k filters transmitting lenger (]han t300rnpa, bu't• xvere obtained by

the li,cght thxough Bru gas S.lte-r eyaAsmitting 240-v3,")On?y, region,
thtts showing the maximrin] se]isitivi'ty is at {l-.9 'v 4.k{ eV iR aceordance

with Taytal<ow,gl<y.

       T,ABI{IJII? 5. 1?hotc)-elcetrie eon{iluetivity oSi I'henosaÅíraiiine.
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citecl levels are situated above
electrons raisecl Åío their ex(titecl
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 cya}"}me

   PhenosafraniRe

      levels.

      tbe lowest
       leveis
to the conduetion

 I.ig'nt soucree: ."Iercur.v. ]amp.

          4. CemÅífusgem

             Aecording to tkese
          iresiHlts, the eieet.t'onie

          energy levels shown in
          Figr. 6 are obtaine{l f'otr

          roek-$alt cyystal, Dicy-
      • aiih}e-A,I<.ryptocyaniRe
          an(l iPhenog.a'C`ranine, by

          taking their zero leve-is

          $ide by side. Ilt terms
          off the,ge ievels, the-
          niechanisni ot' pl}oto-
2i08
          sensitizat!o'noÅírock-sak

          eyYstais xxrhiel} ttdsorb

          IDieyani])e-AorKx'yvto-

     i cyaniiie, rn.fty be ex-
          plained. fts folloxvs :
          since their lowest ex-
     concl.uction le-vel of' rock-salt,

  by absoyption oS iight }]ave $on]e

      bancl oÅí roek-salt leac]ing to
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eleek'ie conductioki in roeli-sal't Åërystals. [l]l]u.q., the i'oek-sa}t•erJr,gtal

whiel} aclsorbs these <'lye,g, becomes sensitive at osdy 1,8 eNT coryespond-

ing to 'Cheir absorption oÅí lis"his, "'hile pure rocl<-salt erystal ju,gt 'peeome$

p}]e".o-seiisiSive at 9 eXr, ai)cl that eoRtaining [Iii-ceAters at 2.7 eV.

   In the eaEe o{'` I'he]'.offaf"ranii}e, photo-eoiid."ctiviSy does not oceur.

rlChis may be tuicle}•stoo(/1 k'om kl}e electronie etiergy levels. IE"Qr the

lt)wes,t e.xei'tecl ievel .of 'this dTfe is si'ixia'ted. Iow'er t•haR t}]e eondueeion
Ievei of roek-salc b>r abou't l 5V .`}nd eieetroiis n]fty Rot be transfer.red

from tl}i$ eaxcibe('l levei Qff the clye molecule to the c.on(lnetion ban(l ot"

the rock-salt. Next, ivhe3} IDicyai}iAe-A aiid `iDl]eitosafranii]e are used

in mixt}vEi'e, photo-ceit{.lg(et]ivity is ]iot Åíoun('l,. The reaso.n may be 'bhat

eleetrons trai}sgerrecl to exci'te(l levelg. of IDieyanine-A are direct•ly

trft,nsferred to those oÅí Phei3ostxfi'tt;'}iite an(l niay be clifficuiit to be-

traiisÅíerred to the eoRcluetion ievels of' roek-salt.

   Probabiy, the above-cleseribed mechatii.gm off sen$ieization an<l cle-

sensitization oÅí photo-eo}]duc'tion ap:pliecl to rock-s.kk eryst,xl$, ma>; be

exteRdecl to silver-kaiides in photogrtxphic emulsion. For the funcla-
!penta! process of latenC imag'e ÅíormatioA in silver-halides is a pro-

duction of conclactioii eieetron$ iii siiver-halide$ an(l h] the ease o,f

dyecl emulsion this may be effrecte{/l by eleetrons of 'the (.lye moleeuies

by the same meehani$m $hown in the ease oE rock-salt, In this con-
neetion, experiments on li.rge $ingle erystals of silver-halicles a}te
anCicipated in .future.

   Ir} eonclu,sion, the writer wishes to expres.g his hearty thtftnks to

[Prof. Y. Uehicla} under wl]ose g{iidanee this work was accomplishecl.

This investi.ffation was supportecl by the grtxnt fron) the Ministry oÅí

Eclucation.
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