Lawrence Berkeley National Laboratory
Recent Work

Title
ABSORPTION SPECTRUM OF THE Mg MOLECULE IN SOLID RARE GASES

Permalink
https://escholarship.org/uc/item/4h47r86]

Authors

Brewer, Leo.
Wang, Ling-Fai.

Publication Date
1971-04-01

eScholarship.org Powered by the California Diqgital Library

University of California


https://escholarship.org/uc/item/4h47r86j
https://escholarship.org
http://www.cdlib.org/

P
B &
. * Do

Submitted to Journal of AT (‘ IV ED : " UCRL-20546
Molecular Spectroscopy AR - Preprint <, l

}V“u‘ f", LAL el iaO"’

vl

DOCUMENTL SECTION

ABSORPTION SPECTRUM OF THE -
Mgz MOLECULE IN SOLID RARE GASES

Leo Brewer and J. Ling-Féi Wang

April 1971

_ AEC Contract No. W-7405-eng-48

L

T A
- TWO-WEEK LOAN COPY
___This is a Library ¢ C:rculatmg Copy
“which may be borrowed for two weeks.
For a personal retention copy, call.
Tech. lnfo Dwusnon, Ext. 5545
J

LAWRENCE RADIATION LLABORATORY

% UNIVERSITY of CALIFORNIA BERKELEY

9%502-T¥0N

o]

-



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal 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. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.




—iii- o UCRL-20546

ABSORPTION SPECTRUM OF THE Mg MOLECULE IN SOLID RARE GASES
Leo Brewer and J. Ling-Fai Wang'
Inorganlc Materials Research Division, Lawrence Radlatlon Laboratory,

! _ Department of Chemistry, Unlver51ty of California,
o Berkeley, Callfornla ,

ABSTRACT
Thelﬂéz molecule has beeq synthesized in solid rare gas matrices at
20 K. The absorption bands of the Mg2 molecule found between 3750 A -
’thO A are correlated to the A L« X I transition between a very weakly
bonded ground state and a more stable excited state. Some less well
understqed’features are also reported and tentative explanafions are

—

presented.

TPresent Address: Department of Chemistry, Rice Unlver51ty, Houston,
Texas TT7001 :
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I. Introduction:

The present work arose from an attempt to ﬁndérSténd the spectral

‘behavior of metal atams in matrices as a function of meétal concentration

and the diffusion mechanism of metal étoﬁs in sélid rére'gases. In
these studies, ﬁgz'SPectrél bands were observed in addition to atamic
featﬁréé when Mg was condensed with Kr or Xe.

Diffﬁéi&n of lithium atoms'in solid fare'gases at temperatuiéé'ldwer
than 50 K has been demonstrated by Andrews (1) and Belyaeva (2). However,
for heéViér»metél atams, i.e., Mg, Ca, etc., ?roductidn’bf dimérs from
atoms uppﬁ warming theAﬁétrix is not obsefvéd-(i). Mg'éan be cycled
reverSibly'ﬁp to’hs'K in Kr and up to SS’K in Xe without change of the
relative intensities of dimei~and monomér._ Upon wérming to higher
témperafuies, the rare gas lﬁrgély‘vapdrizés‘ﬂgfbré appréciablg diffusion
of thewmetaliic atoms occﬁrsAand'thé-absorptioﬁ'disappears; |

‘Eéfiﬁaﬁioh of thé Mgz partiai pressure'in the Knudsen cell souice
shOws:that'the concentration of Még is negiigiﬁle in the témperatﬁie
raﬁgé'ﬁséd.' Thus ahy forﬁatioﬁfof Mgo molecuies must take place during
the condenéation process un&er éonditions ofvpoor thermal contact or of
relati?elyvfast depositiqn to provide & high énough_surface temperature
and mobility to allow dimerization of Mg atoﬁs before_they are frbzen
into the matrix. . | |

The gas phase Mga Specfrum had_been régortéd previously ip emission
by Hémada (4) and Strukov (5) and in absorpﬁibn by Sthapitanonda (é),‘
Wenige:_(zj, and Balfour and Douglas (8). Ohly Balfour and Doﬁglas did
_the high;resolution analysis neceésary to esfablish unambiguously ﬁhe‘

moleculevrésponsible for the spectrum.

7
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II. Experimental:

i

The metal cryostat using liquid hydrogen as refrigerant was described

in an earlier publication (9). A'étainleSS steel Knudsen cell was con-
structed for these experiments. It has an orifice with a diaﬁeter of
1 mm. The cell was placed in a qua?tz heatéf.tubé which was wrépped
with resistance heating wire, and was lined inside with tungstéh foil
to prevéﬁt.stray'atoms from reaching the quartz.

'A'magnétiéally operated shutter is used to interrupt the atomic
beam.frdm‘reaching the target'while the furnace is oﬁtgassingL 'The“'S
furn&cé,temperature was bétween:330 to 360‘C’as measured bj'é.Chromel
;Alumel;thermocouple (type K).

_Tﬁe.ﬁatri¥ gas flow was controlled byiéh“indepéndent‘inlet system'
and the qﬁéhtity of condensed gas’wés'estimafed from the geometry of the
_sy$tém'énd5fhe calibrated leakage rate. During deposition the cryostat
préssure was always less than 6 xle's torr. The estimated value of
M/R (mbles:Of'matrix/moles of radical) was typically of the order of 100
or belgw. Rate of metal deposited is approximately 6 x 10~ mole/sec.
Higﬂ burity (> 99.99%) rare éases are used without further purification.
The subliméd magnesium meﬁal was provided by DchChemical Co. with a
purity of 99.99k. |

o The spectra are photographed with a 0.75 meter Jarrell—Ash'piane
grating spectrograph, model 75-000. The ultrﬁyiolet continuum source
is provided by a 150 watt #enon-mercury arc lamp operating at 8 amp.
A high'inténsity tungsten lgmp is used as a iightvsource for visible
regioﬁ, Sﬁéctral images are photographed on Kodak 103-a-0 spectroscopic

plates.
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ITI. Observations and Interpretations:

Absorption spectra of magnesium have been dbservedrin'bbth Kr and .
Xe mattices.\ They are shbwn in Figs. 1, 2, and 3. - The bands are listed
in Tables I, II, and III. The spectral region from 7000 R to 2100 &

was studied;; No observable bands are seen above 4100 &.

(A) 3700-4100 & region

In this region there is & discrete band system. There is an
approximstély constant matrix shift of 700 cm-' from Kr to Xe matrix.
The vibrational spacing is very close to shezgaSeous vibrational spacing
of A 123 Mgz reported by Balfour and Douglas (8). The bands in both Kr

and Xe:are shifted to the red campared to the gaseous A Igt o x Izt

, spectrum. A gas phase potentlal curve for the A 1zt state of Mgz is

shown 1n Fig. 4 and the observed levels in Kr and Xe matrices are also

inc;uded for comparison. The ass1gnment of vibrational levels for the

matrix spectra is not to be considered as exact because no isotopic

substitution experiments were done. As will be discussed more fully in
Section IV, the ground state of Mgo correlates with ground state atoms

and the excited state correlated_with_Mg(lS).+ Mg(*P).

(B) 35%0- 3700 R region

In the Xe matrlx there is a broad absdrptlon band in this region.
This band degrades to the blue with a sharp cutqff at the red edge, and
it remains as one broad diffuse bahd as the temperature of the matrix

is increased.
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Ain@Kr:ﬁheré are two bands iﬁvthis région;. The4shdrt‘wéféléngth
bahd‘haéﬁthe'same appearance as the band 1n Xe. AThe long wavelength -
band resoives into a aoublet‘as the,tempé£atu£é‘is‘incréased, with the
long wavelength component shifting to the red‘wﬁilé'the other component J
dimini#hés;' The long Wavelengtﬁ coﬁponéht is.at the ﬁdvelength that
would be expected for the °D e.iPB_transitidn of Mg. Such an interpre-
tation would_require optical pumping of 1P « s and radiation;ess decay
to the‘:P state. Ithhis interprefation wére cérrect, the short wave-
length component of the.doublet would'b¢ ascribed to ﬁhe same tiénsition
for atams in an unstab1e~ﬁatrix site as the short wavelength component
disappeafs‘upon.warming.of the maﬁrix. A similar transition is.obsgrved
kin xenon but_the matrix shift merges itbintéﬁthe broad adsorption bdnd
region. - Thé broad absdrption band in both Kr and Xe may be due to a
polymer.or to a tfansition 5etween two relgtively unstable molecular

electronic $tates of Mg=.

(c) 3100-3250 & region
In this region only a broad band appears in both Kr and Xe matrices.

Thié band appears together with the 2700-4100 ! discrete band system,

but itgﬁay be due to polymeric magnesiﬁm.

(D) 2960-3000 &
An absorption band appears in the Xe matrix only when the magnesium

concentration is very high and very often it is GVerlapped by the broad

absorption of the Mg P « 'S resonance transition, which is shifted to
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the red ih’Xé compared to the gas. In Kr the band is not overlapped.by
the Mg resbnance absorption, which is shifted to-the blue. compared to

the gas. Thus the absorption band appears very distinctly. . This-band is

“very much like an atomic transition.

(E) 2800-2960 &

. The magnesium resbnance'absorbtion appears in this region. If‘the
magnsiuﬁ'éoﬁbentration is very low and the rate_of?deposition.is slow,
a triplet feature is observed in this region. Tﬁis absérption'is‘assigned
to the 'P e{ls transition of atomic maghesium.'_It'has been feported
previousi&*by Schnepp (10) and Wang (3). - If the magnesium atomic con- -
centratibnvis higher than 1 atomic percent, this band becomes a very
broad band without aﬁy discrete structure gnd‘it remains a broad bandv'
when the temperature of the matrix increases. If the magnesium:céncen-
tration is very low and the rate of deposition is fast, a Very broad
band appéars'in this ?egion, but upon annealing the band resolves into

tripletvfeatures.

(F) 2550-2780 R

Ingthis region two broad absorptions appear in both matrices; they

appear quite symmetrical.- The long wavelength one appears in dilute

matrices oﬁly with fast deposition rates and diséppears as the matrix
is annealed. This absorption may well be dué,to some multipie site
effect of the resonance transition of atdmic‘mééhesium.,vThe short

wavelength band appears'only at high magnesium ccnéentratiohs,_\This
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may be'tentetively correlated to the 'l « X'Z molecular transition

.dbservedliu the gas phase by Balfour and Douglas.

v. DiscusSioni_

The‘results 6f the gaseous spectra suggest that the grQUnd'electrenic
state of van der Waals molecules may be unstable or have a very shallow
potential mihimum. For these molecules, one finds very low values for
the disSocietion energies and large values for Te, the internuclear
distance. . |

The potentlal energy diagrams of A Zu and X 125 states of gaseous
Mgo are-gtven by Balfour and Douglas (§). They have shown that the
vibratienal‘levels of the upper stefe’of tpe 3500 & System of Mgz
converge to Mg(is) + Mg('P), thus correlating the A state with‘the'lzﬁ
state derived from this limit. A comparison of the observed absorption
. bands ih both Kr and Xe matrices with the geseeus 6bserVed and calculated
valuesgis shown in Fig. 4. The cdmpaiisou ie tentative as isotopic
substitutien orufluofescent experiments would be required to fix the
vibratienal.numbering unambiguously. This absorption band system is
the most distinctive of the observed band systems. There are at least
nine bands in the system, which indicates that the upper_staﬁe is
relatively stable. The vibrational levels of the upper state converge
to the energy of Mg('s) + Mg('P) and it seemsvreasonablevto assign the
observed upper state to the 123 state of Mgg. VThe vibrational spacings
of Mga in the matrices is almost the same as in the gas phase, but the
transition is shifted to the red by at least 900 and 1500 em™ in Kr

and Xe, respectlvely.

.U,
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The 6fbs"efved relative intensities of the bands of A 5% X o
in matrices have maxima at v' = vy + 5, where vy 1s the lowest vibraticnal
statevof'the observed band. From the Franck-Condon pr1n01ple, one would
conclude that ‘the dlfference between 1nternuclear distances of the
upper and lower states is relatively large. For the gaseous A lZ*
state of Mge, Te = 3 082 &, while re = 3. 889 & for the xlz* state.
The internuclear;distance of the more:tightly bound A'state would not
be expecﬁed to change much in the mairix. Comparison of the gesecus
and metrix.spectra would indicate that'the groﬁnd state*internuclear
distance has been compressed below ‘the 3 889 K of the gaseous molecule
but it is still larger than 3.082 R.

The;diSSociation energies of the two sﬁates are’relatednby the

following equation.

o by o 1oty 1 1
Dq, (x zg) = Voo * DO_ (A =) - E(C’P «8)

‘where v_. is the energy betweén the v" = 0 and v! = 0 levels, E(P « 's)

00
is the ‘enérgy of the resonance transition of Mg. If we use the observed

p 15 tiansition of Mg in the matrices as the lihit for the-dissocietion
of the A state of Mgz, then the A X} state in the matrix would have a
dissocietion energy of approximate;y‘ld lOO'+ Dg(x 1;;) in Kr and 9570\4
Dg(X 1Zg) in Xe as compared to 9311 cm™' for the gaseous molecule.v Thel
Dg of the ground state is probably increased upcn.being trépped in a |
matrix, but if we use the gaseous value of D (X lZ+) 399 em™', then

for D (A lZ+), we calculate 10 500 cm™> in Kr. and 9970 em™ ' in Xe as

lower llmits. Thus the A state of Mgo is stablllzed by more than 1200

and 660 cn™! in Kr and Xe, respectlvely
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V. Conclusion: .

This work can be only regarded as a small effort toward the under-

standing of dimerization of metal atomis in matrices. Tt does demonstrate

that one can synthesiZe very-unstablé molecules like van def Waals molecules

and acéumUlate them'in an inert environment relatively free from inter-
action for a long peiiod of time. While we are able to identify some
of.the dbSbrption features of the diatomic magnésiﬁm molecule,.we have
not beenvébie to segregate and identify fhelhigher polymers, i;e;, Mg,
Mg,, etc;? This work suggests that great care must be taken in inter-
preting the continuous absorption bands aS due to dimeric species be-

- cause they may be polymers. Duringvthe'brief feriod‘of mobility on the
matrix surface before being~covefed»and ffoien iﬁto the mafrix, it isA
possible to produce'a variety of polymers ﬁnless concentrations and

deposition'rates are kept low.

Acknowledgement: This work was pérformed under’the auspices of the

U. S. Atomic Energy Commission.
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TABLE I. Absorption Bands of A 'Z '« X T of Mg in Kr Matrix at 20 K

' ' R | ' -1
r, & -~ Vv, Cm NG cm
] ) ). A ) V+%’ h

3963 | 25233 |
3 199
3932 25432 o
| | 16
3902 . 25628 o
3873 - 25820 o

. 188
3845 26008 |
- T 184
3818 26192 .

R 193
3790 26385 . |
| ' 140
3770 , 26525
K o 213

3740 26738
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. TABIE II. Absorption Bands of A 'L «X 'E of Mgz in Xe Matrix at 20 K -

A, &

v, cm

-1

: ’M""? : cm‘;

v

W78
hol7
i
-

_ .3959A 

Lo 3935

3909

3884

13856

ohs22

24907

25088

24710

25259

25413

25582‘

2577

2593k

97
181
171 B
154

s
165

187
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Other Bands:of:Magnesium in Rare Gas Matrices at 20 K

Band

Kr

';.va’ x

AP I T o ST W]

. -l
-_;‘;V, cm i e

o ¥ LA

e Bkl

S, R

Xe

oo
c
O oy,
1'(&_V‘D' - ~
bt

13575

~ L e
\::L’ e

i ‘*296,"' <

2852
2830
2816
2646

2558

{S?QQ%wv;T

32110
.- 337h0
35060

- 35330
35510

37800

39090

35hh, . 2822,9"" s

. 27090 -

emBeo
27970

30836
- 33420

33870

34090
34300

36630

38180

‘(,
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" Pigure Captions

A 12:"1 «X 12; Transition of Mgz in Kr matrix at 20 K. =

A 5} «X 'z} Transition of Mgz in Xe matrix at 20 K.

Absorption spectrum r;;f Mg= in Xe inatri_x at 20 K.

“'The vibrational levels of A &} Mgz perturbed by solid Kr and
- Xe. The potential curve for Mg- gas is given for cdnpé.rison

(solid curve).
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3650.2 Hg 4016.6 Hg
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3770 3932
3790 3902
3818 3873
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3650.2 A ot
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= 2536.5 A
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Fig. 3.
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