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Temperature Dependence of the Matrix Shifts

Chin-An Chang*

Inorganic Materials Research Division, Lawrence Berkeley Laboratory;

~ and Department of Chemistry; University of California
i

Berkeley, California 94720

It has been observed that many metal atoms when trapped in rare

1-7

gas matrices showed temperature dependent frequency shifts.” For
most atoms with D e« s vtransitions; the component highest invfrequency
of the triplet shifted reversibly to the blue while the two lower fre-

quency components_reversibly shifted to the red upon warming the matrices.

Some work was done towardvunderstanding these facts:

6p= °P

\A. The observed blue shift at 20°K of the Pb 6pTs ° o

P, «
transition was 2483, 297h and 5553 cm l,in Xe, Kr and Ar'matrices;:
respectlvely.l Upon warming the matrix a revers1ble red shift was
observed. This suggested that the interaction between Pb and matrix
atoms might'be mainly responsible for these facts. The McCarty-
Robinson approx1mation8 was used to test 1t

Using the observed shlfts in Xe and Kr at 20 K, the calculated

shift in Arvwas 4017 cm l, and the calculated shlfts in Xe and Kr at

. higher.temperatures are shown-ln Table I. The observed blue shlft

* Present address: Department'of Chemistry
: Texas A&M University
College Station, Texas 778&3
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in Xe was "relaxed" faster thénvthe calculatéa vélues while thé reverse
was nqted in Kr_in which the_deviationvincreaSed.with increasing
temperatures. This indicated that the Pb/Xe ca§e was better‘treateg
with the McCarty-Robinséﬁ approximation at inéréasing'temperatures. |
In addition, the Pb/Ar line was 6bservedl to "rélax" to the least pro-
portionality considering the huge blue shift_qbée%ved at 20°K. All
these results suggested that Pb atom might oécupy a best substitutianél
site‘in Xe, and a least iergect one in Ar among the three matrices.

The éxfent of éuch imperfectionvéppeared to increasevwith.ingrégsiﬁg

temperatures.

B. The earlier mentioned different temperature dependence of the
triplet components are readily seen to be essential to the origin of
the triﬁlets observed. The present theories are checked in this respect.

The missing neighbor or distortion modello would predict red shifts

~~

for all three components upon warming. The non-nearest metal-metal

3

interaction model” would predict no shift, all blue shift or all red

shift if the metal atoms stayed same distancevapart, moved closer or

moved farther, respectively, from one another.: The Stark splitting

2,5,11

model could be readily shown12 to predict same direction of

shifting for the two higher'freQuehcy éomponents. The recent model

on Hg'3

would prediét either all'red shift or blué shift for two.df
the components. | o | |
None of these theories could account for the observed temperature
dependence. Oné‘bossib%e way oﬁt would be thé’following: ‘The triplet
is due;to removg;'of the three fold'degeneréé&iﬁy an asymetric i
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envirdnmenﬁﬁwhich addgd the lafgest distortién ﬁo the P orbital'respoﬁsible
for the highest.frequencyvcompoﬁent.__lf such distortion was f;rther
increa;edvupon warming the matrix, due to possible blocking effectlpf

the térget, while distortions along the other two directions were re-

lieved, this could explain the different tempergture dependences of

thése matrix shifts.

C. It is worth noting the observed hexaéonal close-packed stfuc-

ture for_the impurity-containing Ar tﬂin films.lh And it would be-
vinterestiﬁg to see what correlation one obtained by assuming a hep.
trapping site in the matrices.

The axis, say z,'sufferiﬁg largest distortion mentioned abovevcould
very possibly be the normal-to-target one, and let x and y be the long
and short axes, respectively; of thé-hexagon formed by the matrix atoms§

| Aky be the energy différence between‘fraﬁsitions to px.andvp , ete.

y
A is expécted to increase and Akz to decrease with increasing orbital

Xy
size of the metal atom, and (Aky - 4,,) to decrease from Ar to Kr to .
Xe. .Table ITI shows the available expérimental data in this respécﬁ.
Except for Ca and partly K, the observed changes in Aoy and Ay,
; foiloWed exactly as ﬁere-expected. It iS'therefore'urgeng fo know the

exact'trapping site geometry to fully understahd those observed matrix

effects.

I wish‘to'thank Professor Leo Brewer for his helpful suggestions. .

This work was‘supported by the U.S. Atomic Energy Commission.
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Table I; Calculated andvobserved warm-up shifts of the

¢ 7 | P %P, « R, line in Xe and Kr matrices.

> Temperature a. (R) * e p0Ps
(°K) ep cm” em™t
Xe 20 4.34 2183 . 2483

30 L.3k45 2451 2h37 v_

' uo 4.352 - éuds 2379

50 4361 2355 2317_'

60 L.371 2296 2260

0 g0 eol5 2210

7 4.389 2196 2148

Kr 20 3.999 297k 297k

30 4.005 2930 2928

4o 4,01k 2860 2896

50 4.025 2771 2858

*
‘Reference 9
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Teble II. Triplet splitting for atoms in matrices. : 'f'
1 | o o | il
Metal .+ Observed differences ‘Dependence of (% sz 9.
o between A, and Ly, on matrix gas L ’
Li,Na,K*,Rb | %' <4, not reported |
cs . ,Ay>4,  inAr>inkr>inXe
Au ; Acy>sz | in Kr > in Xe
Ag N in Ar > in Kr > in Xe
| Dy < %cz in Xe
Cu . but ‘ : |
. Axy ~ Oyg in Kr
Mg:t : ‘ Axy> Z%(z, S in'Kr_> in Xe
¥ Meta.ls in the same series should be compared to eliminate
complex1t1es other than the orbltal size. change and 1nter- :
actions involved. ' ' :
i
* H
K does not follow this trend too well.
¥ Ca shows Jjust the opposite with Axy < Ax in Kr and _ S
Axy > A)(z in Xe, ' y
BaY i
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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