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1. Introduction

   As is we}i kno"rn, 'bhe pure ro(;l{salt crys'tals have the dlan]agnetle
proper'by in 'the mag-neto"ro'baeory power (1), but we i'ouncl thttt eolored

roeksttlt er>rstal,s, wiiiel} eon'tain [li"-eenters, show a particular propex'ty

in 'gl}e ro'btvGion olf t}ie plane ot'. polai'ization by the [E'araday effect (2).

Thi$ phenomenon res-lts t'rom the elec'trons capt}ured in the la'ttiee
vacancies off Ci- ions in rock$alt erystals. NVe believe that the result$

of onr measur'ementt on the n]ag]ie'So-rotatory power o,f. IIi'-centers t'or

the ligh'# of Na D-lines, a$ xvell as i'ts clisper$ion curve in tl}e neigh-

boiirhood off F-bancl, give ug. some in]porttu}'t inf'orma'sions about the

intrinsic na't-re of" [lii-centers, which has been discussecl. Åí'rom every

poin't oti view.

2. Experiments
   Colored, rocl{sait crystals were proclueecl by applyin.cr the eleetric

fieid of abou'S 400 volts per cn} between a plate anode and a point
eathode 'to, })ure crys'tals hea'becl at 'tempera'bures oÅí 570-6000C in an

eleetrie furnaee. [I]l}e eolorecl erys'tals Shus obtained eon'taiii 'the clcnsi'ty

loi5''--loiV per cm3 of' IEi'-cen'ters. rLi]his density .Ne was op'tically de'ter-

mined froni the absorption coeMcien't k,,,ax a't txbsoi'ption n]axin]{un ancl

'ehe l}alt'-bancl breaclSh h of F-band, aeeording to Smal{ult}'s l'ormula (3) :

                                                   '
       flbJo ='- 1.31 .Å~ ne/(no2 + 2)2 Å~ k,,..h X 10i7 /for NaCi ,

          'ivhe}•e no/(vi,e2 + 2)2 '-v O.079, ancl f is oscilkvtor s'itrei}g'th ancl. is equal

to O.7. T}}e masrne'to-ro'tatory anL,r,le of' polarized ligi)'t for Na D-lines

was measured on these coiore<l crys'bals by means off " crossecl Nieols

me't•koCl.." Thus, it was Åí'oun(l that this angle is smailer 'Sh2Ln 'tha'b of

piire transparent ones and that the diflrerenee ot' both ai}gles is pro-

portional to the density of JII'-eeAters containecl in Sl]e coloreci erys'tals;



64 Y. Uehida and K. Fuhada.
in other words, the Verdet constant of F-centers is nega'tive and
its absolute value is proportional to their density. [For the speeific rota-

                                  tion, [V], of F-centers of Na D-lines
Rotation angle                                  we obtained the value of 1Å~ 103
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giF   1. Spectrograms of the inter-
ference fringes produced through
Wild's polarimeter.

min/Gauss•cm per gr/em3(4), by
giving the rnodel of a neutr.al Na-

atom to F-eenter.

   In suceession to the above
described experiment we measured
the dispersion cilrve of magneto-rota-

tory power by taking spectrograms
of the interference fringes as shown

in Fig. 1 produced through Wild's
polarimeter(5), which consists of
polarizer, analyser and Savart plate,

the latter being put just before the

analyser (6). The place, where the

fringes on spectrograms disappear,
moves as the polarizer is rotated.
It is indica'bed by a black poin't on

each spectrogram of Fig. 1. The
whole arrangement is shown in B'ig.
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       Fig. 2. The arrangement for rneasuring the rotatory polarization.
          S: light source (100V-5QO W), Li,IJ2,L3 and L4: lenses, M: eleetro-
          magnet (Weiss type), C: sample crystal, Pr : a small prism, P: polarizer,

          A: analyser, Sv: gavart plate, Sl: slit of spectrograph, Fe: IFe arc.

   In this figure a small prism Pr is movable and pushed into the
optical path to take spectra of [II'e arc as comparison. An eteetromagnet

M may be cooled by water and yields 7780 Gauss for the current of
10Amp. This intensity of the magnetic field was determined by the
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metftsuremekt on tl}e magneto-ro'tatory angle of water fo}• INTa]D-Iines.rk"

.4X iFIiige}' Uxriol Giass speetrogr.ft•ph xx'as use(l in the near ultra-violet

   .reglon.
   Our measuiternent was carried out in ehe ran;ge Åírom NaD-liiies to
about 390 nipa ancl the restilt is as t'oiio"'s : the ma.crn" eto-ro'tatory .ftngle

("Xl'erdet coitstant}) of ]3"-eent]ers has negat}i'sTe $igns tr>n the iolt.,<.rer wave-

leng'tsh side, w}]iie it }]appei}s the inxrersion o6 rotation .it one point oR

t}}e shorter wave-lengtl} ,gicle of the absorpSion ma-ximun] of tl}e --l.l'-baRcl

an(1 after tbat the rotation shoxx's posi'tive s, igxg,. In [ abie I the valLies

of' Verdet} Åëong.tantg. of IIii-c,enters are ,shoivn for vario"s xx'a'gre-len.cr'ths.

In Fig. ."') Åíhe magi}eeo-rotatory difpersion cu}'ve is shoxvn(7).

TABT.I,] I.

  F-eenters
The values

for variotts

of t})e N'erdet constant of
"Tavc}-!eixgths (]N•o -v 3ei5)

I X•V ave-length

   in X
i Verdet eonstftnt
l- in min/Gau.ss•ch}

l

l

1

5893 QTa D)
5, 372

55),26

or230

5168
5139

5050
4958
49.9.0

4872
4737
.t 603
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4380
Q,O)26

4305
42oH5

4144
40L16

4007
3969
39.D.8

1

i

l

l

-O.4 Å~ 10-3

-o.s
-1.5
-l.5
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-2.2
-Lt.7

-2.8
-2.cj

-3.0
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"..,o)
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-0.1

+O.8
ÅÄ• O.7

+O.8
+1.1

t
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i

l

i

   * The Verdet constant of iyater for NaD-iines is
         VD == O.O1311 (1 - O.OOO0305 t - O.OOOO030s t2) for 30 < t < gs" c

CÅí J. W. Roger tend W. Watson, ?hil. Trans.. A, l86 (1895), 621; ZS. Åí
19 (1896), 323.

.

iPhys. Chem.
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3. CoRclusion

   As for the n.xtuye ot'

planations have been
that they are dne to
in the crystat lattice(8).

pretation, Tibb$(9)

a,gsummg
ancl to be l/(kotr) tftt iarge

clieleetric eons't-ant), he

grouncl. s'bate (ls), the firsS

cluc'ti.on band. yesbi ectively.

f']or xvhieh the periodicity o

with F-cen'ters aye

fo}• an a'tom proposecl by
Yarnasl}ita aitd. M.

yotatory poxve]r oÅí the

recSed

by the same Kvay a$
bancl, xvhieh rests oki tke

into account the thfac't

dominant in the high
of neare-s# neighbgurs Na"

lfclticlc't and K. F{tk"ttda.
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of F-centers.

                        F-eenters in alkali-l}alide crystals several ex-

                     brought out, but it is now generally accepted
                    eleetrons captured in the vaeant sites of Cl- ions

                           On the basis ot' such a q!ialitative inter-

                    treatec} ke"-centers as an one elec'tron problem;
         the potential fiel(l off l]i-eenters to be eonstant near tl}e center

                           disStvnce frorn it (where ko is the optical

                      caicula*ed tl}e values oÅí the energy tevels ot' the

                          excitecl state (2p) aitd the bottom of. con-

                          To such a qua,gi-atomie moclel of F-eenters,
                        f lattiee ancl the interac'tion of Iat'tsice vibratioR

                  i}egiectecl., the genertft1 theory of the Faraday effect

                           llosenfeic-l(10) may be appliecl. But, Z.
                   XYatanabe(li) shoivecl Shat this sirr]ple application

eannot explaiit oi-ir particular phemome}iop. csuek as the negative magneto-

                      eoiored erys'tals for N.`} D-!ines. So they cor-
      their eaiculations in resrjeet to the interactioh oÅ}' iattice vibration

                      Sn]akula's Xtsre.retrneiit<3) about the shape o.ff [I]"- •

                          cla$sieai clispersion theory, and they took
                      semi-expeximentall>r that non-censral fiekls are
                     exeiteCL seases, bein.cr coniposeCl oÅí complex s'tates

                          an(1 Cl- ions. Thek' eale-lasions showecl
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tke possibiliCy of 'the i}egati'v'e rottttlon oÅí IIi"-eÅí"neers for Na ID-!ines and

moreover they detem]ineciL the shal}e ef the magne'eo-rotatory c!isper$ion
cur"e, which !s quaiitt}t!veiy co)i$is'tent xvit}} our experimeneal one as

shoxxrn in IIi'ig. //,. (r-I"he Ve}tclet eonstcLnt of ff"-centers has neg.ftGv'ive

si.,o.'ns in the rang'e f'xom Na D-lines eo one poi)at on the sl}o.rter wave-

leng*h side of' t•he F-btmcl maximum t".ncl beyoncl this point it beeomes
positive.)

   Apark frQm Gnesk de"L'ailg. o.Åí the (iis'persioit cursre, noS yeÅí resoived

in our experin]en't, the theory of Yama$hit•a a)id }V,ft'tanabe is stiil

sem"I-empirieal, so long as tl}e wave fiinctioRs oÅí tl}e high exeitecl siates

of Ili'-een-ters eannot be definitely Xnoxvn. -"aT:'.'trom these reaso))s we caiinot

eompare and exaniine in 'full the theoretical ancl e.xperirnental resuks,

but it is iittereÅíting to see timt there is, as mentiQnecl above, a guali-

tative coincide}3ce between them. Off course, our experinient should be

arefined to .ge't a more accu}'ate cll.g.pe}'sion curve ancl it would be ne-

ee$sary to measuz'e the temperatm'e <lepenclenee oÅí the Igearaday effeet,

as pointecl out from the r!ieoretie:" cok)g.i(lera'tions ; xvhile, on the theo-

meticai sicie, Qther various proees.g.es off catcuiation znighk be pos$ible.

X?Ve hope that more e.xact resuits eoneernii}g this problem will be re-
portecl.
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