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INTRODUCTION

T absorption specttum of tpalent neodymivm i erystals at low tem-
peratutes has Been mvestipated by many workers in the past.! * Recently
4 rather exhaustive worh on the absorption and fluorescence spectra of
Nd* an Fat ] was repetted by Cathon and Dicke?  However, since the
wamples were gnoeunted e glass tubes, thew absorption data were limited
(o 300 Gn P only, Tn the present mvestipation we have extended the
ranpe and exploted the repon between 30000 and 40000 ¢cm. ' by growing
the expermmental vrystal moa vseor tube, Neodymium doped LaCly single
cryaful hae been selected for the reason that the lines obtained are sharp
and the crvatal b a tupher symmetry (Cgpd for which the theory is rather
well established.
PxrpaMeNtal DEIAILS

preatly pure oxades of Laand Nd supplicd by Johnson and
Mitthey of Faplsnd were used for the preparation of the chlorides.
The smple covstal wan prown aecordmg tooa maoditicd Stockbarger method

from the el of anbydious dilordes (87, Nd®in LaCly) contained i a

sealed and tapenng vicor fube filled with dry helium at a few ccnlifnctrcs
pressute. Alworphion spedtta at 77 K. huve been photographed in the

Lpetre Fhert grating spectrograph  de-
inear imerse dispersion of 2-5 A/mm. A
hugh pressure 1400 watt Xenonsare lamp provided the necessary continuous
spectiuny, Fhe anfenaty of the continuum hegins to fall o.ﬂ in the ultra-
violet but s suthosently strong i the region explored. The light beam from
this seutse 15 condeised by suitable quartz lenscs and rcﬂcc}cd ulong.ihc
aris of the spectiopraph by a highly reflecting aluminised mirror ubt:umfd
by deposttig a bue ilm o alupimum on a glass plate by vacuum evapora-

ton. Figure | shows the optical arrangement used.  The tube contum;gz;
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326 R. M. AGRAWAL AND OTHIRS

the crystal was directly immersed in quvtxid nitrogen contaimed m .as;um',
dewar flask similar to onc described earlier.® f)h«.vm.mum :muv ;:;,;u: with
the crystal symmetry axis perpendicular to the hight beam. | wiuﬁ‘z poidd x»;i{\«g,;;l
were obtained with a calcite rhomb kindly supplicd by Prodos, o E", K.
Kichlu of Delhi University.  Suitable filters were used foocur ol :Z;r;gw
order spectrum. Kodak 1II-0 plates were used and the »I“%;}*Uui‘.vfa“ BH
varied from 15-30 minutes at 3000 A and 4 S hours at D500 A Duterey
thicknesses of the crystal could be used and satisfactory resules voete o Franed
with thickness of 3-7 mm. Iron arc lines were recorded for siuandiard e,
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Fic. 1. Optical Arrangement fou Absorption Studies
RESULTS AND  EXSCUSSION

Apart from the alrcady known aroups of absorption hines, e new
groups of lines have been recorded in the present experiments m the repin
between 30000 and 40000 cm. ! Tuable I gives  the wavtlensthe (in o
of absorption lines of these groups as obtained by measurenicnts o neveryl
plates, together with the corresponding  wave-numnihers inovacuuam,  thor
observed polarisation and visually estimated intensities.  'The HICHS T oments
are correct to + -02 A for the sharp lines, the accuritey betng shphtly Lower
for diffuse and/or broad lines. These lines are arranged in proupes desnated
by letters N, O, P, Q and T, the groups R, 5, A, B -+ ¢, up to N beng
already reported by Carlson and Dickes Wybourne® has caleulbted the
free ion energy values of the various states of Nd* . € R. Shartoa ha
also calculated* these values using Wong's method™ of
pansion of eigen-values. The correspondence between the caleuliated and
observed positions of the levels is sufficiently close to allow the dAsnipnnient
of the newly observed groups as transitions from the proumd state 3, o

the excited states 2‘1.19/,-2,' D, ., (*H,;., and D, D *E,, and 7E, ; respectively,

A Tavlor weries ox-

.
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Absorption lines of Nd* at 71°K.

TABLE 1

Ultra-Violet Absorption Spectra.and Higher Excited States of Nd* 327

Calculated v Visual Polarisa-
Group  State freeion  AinairA  vvac.em.! inten-  tion
_ energy cm.™! sity
N Hy/s 32729 3069-49 325692 3 7
(32495) 3068-02 32584-8 2 o
3067-30° - 32592-5 4d ™
3058-80 32683-1 “1d
3056-00 327130 0 1r
305213 327545 7 o
304935 327843 . 106
O Dy)s 33771 3022-34 330773 4 ™
: (33265) 3021-61 - . 33085-3 4 o
| 3021-09 330910 1 o
I 3011-13 332005 7 o
3009-93 332137 106 on
P *Hiy)s 34119 295189 33866-7 2 om
and (33839) 2940-93 33992-9 1 T
Dyye 34970 2936-65 34042-5 8 o
(34693) 2936-22 34047-4 4 o
292942 341265 g o
22 2920-25 342336 3 om
Q F,, 39665  2624-38 . 38092:9 . 3 .
(39405) 2623-87 38100-3 3 om
2615-88 38216-7 5 o Or om
2612-66 382637 3 7a
T  F,, 41114 253666 3941001 1
(40812) 2533-05 39466-2 4
2530-03 39513-4 1
2529-02 395291 . 4
2528-36 39539-4 2.
252220 396360 3
252054 39662+1 1 .

Note ——Values in brackets in column 3 are calculated by C. R. Sharma by Wong’s method &
Those not in brackets are from Wybourne.?
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T is recorded with boow e
The relevant data are given in Table I. Group T 1s recorded ‘;1‘ - ;M: g
v Tyvitertinr - " ‘“”'n‘«s,‘h_‘i:-
'teand it has not been possible to decide definitely about the g ‘
sity :
of the lines of this group.

TasrLe II

. ey w N . X . )r}fﬁkf:xrdh!";
Selection rules for electric dipole fransitions for un ion of corfis
¢ ! e
f+ i a crystal field of Cap symimerry

" 4-1/2 1:3/2 i &2
+1/2 .. . o
:t3/2 o T7 %4
:{’_:5/2 aTT or

As is seen from data in Table I, the Eroups appear more of imsﬁ
expected positions, but it is not found possible to propose any ‘”?"’m ;“’ o
all of them. It has been possible, however, 10 analyse group 8 e (“m?‘
employing the selection rules for transitions trcntcc} as t:h,:ctx'mr dipoles pien
in Table II, and assuming the w-values and positions of the various s
levels of the ground state “Iy,; as given by Carlson and Dicke.* ‘The « ”"“""*‘,“'ii
State *Dy, can have but two stark components with u-valuces I':T’ fmd b
From the lowest stark component of the ground state Witk p 5 2, trane
tions to both these components are expected and observed.  These 1}«:‘ it
332005 and 33213-7cm.~' From the other stark components ot the
ground level at 115cm. (u = 1/2) and 123 em: ! (o 3,2) which 111y he
expected to be appreciably populated at 77° K., onc and two lines respectiney
are expected to be observed in absorption to the levels in Dy u. These are
also observed. Other stark components of ground state lic (oo hiph tabue
240 cm.™) and hence are not appreciably populated at 77 K. (o PV e
to any absorption lines. Thus five lines in all are expecte
absorption as a result of transitions from such of the
the ground state as may be expected to be appreciab
stark components of *Dg/, and all these are observe
polarisation and intensity data support the proposed analysis.  Plate XXV

-a.reproduction of the lines in the various groups and contains also the creryy
level. diagram (analysis) of the transition °D,,, Uy, giving rise o the
lines of the O group and their polarisation characteristics.
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