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SoluteaSolute Interactions of Matrix Isolated Cu, Ag, and Au Atoms
‘Leo Brewer and'Baldwin.King ¥

Inorganlc Materlals Research Division- of the
' ~ Lawrence Radiation Laboratory,
and the Department of Chemistry of
.the University of California,
Berkeley, California 9W720

Abstract

We examined the matrix spectra of Cu, Ag; and‘Au_Separately in
matrlces of Ar Kr, Xe, and SF6 and compared them with the spectra of
the palrs Ag-and Au and Cu and Au in Kr. We observed that the spectra
Of the metal atoms were identical whether depos1ted separately or in
pairs and‘me ‘can exclude solute solute 1nteract10n as a source of the
shifts,splitting and»broadening of atomic lines compared to the gaseous
spectra Slmllar results were obtained for comblnatlons of Cu, Au, and

Hg.  We also -studied the spectrum of Au atoms in mixtures of Kr and SF6

——r

Present address: Photo Products Division,‘Du Pont Corporation, Parlin, N.
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Introduction

Matrixtisolation of high temperature molecules_in-inert matrices
at low temperatures‘offers the possibility of simplification of‘molecular
spectra b& reduction of electronic, vibrational, and'rotational excitation.
The method has been found useful in many laboratorles for the study of
hlgh_temperature molecules.l However matrlx spectra suffer from
unanticipated complexities in that even the strong features are often
rather'broao;iconsiderably shifted from the gas phase positions,’and
show sblitting or extra features that confuse the interpretation of
the spectra,r A study of atomic spectra in inertjmatrices was initiatedE’3

in the hope that the simpler atomic spectra would make it easier to

‘characterlze the origin of the matrix spectral complex1t1es

Two general explanations of the extra features of matrix spectra

have been offered. The first 1,4-10

ascribes the extra . eatures to

interactions between the solute and the surrounding.matrix molecules

either as a result of multlple sites in the matrlx or through removal
s 1,10, ll

of orbltal degeneracy. The second ascrlbes the extra features

to interactions between pairs of solute species. Nearest-neighbor pair

interactions can be usually excluded from consideration by considering

only features which persist even to high dilutions; thus lohg range

interactions between non—nearest—neighbor pairs uust be invoked
We have devised a test of the assumptlon of long range 1nteract10ns

as the source of extra spectral features of solute atoms . First

we isolated_Cu, Ag, and Au atoms separately in Ar, Kr, Xe, andeF6.

va~the principal spectral features depended to any appreciable extent

upon long_range,interactions between solute pairs, the replacement of
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some solute-heighhors by atoms cfvanother metal ‘shculd produce a
change ihsthe*spectrum; The palrs Ag and Au and Cu and Au were
odeposited:ih krypton.‘ We found the principal spectral features to

be 1nd1st1ngulshable withln experlmental error from the spectra obtained

for: each of the atoms dep051ted separately, and solute solute 1nteractlons

i

can be excluded as a source of the major features of the Kr matrix spectra

of Cu, Ag, and Au.

~ Experimental

Atomic beams of Cu, Ag, and Au were generatedifrom spectroscopic

grade graphlte Knudsen cells, heated either by re81stance heating or

electron-bombardment. The graphlte resistance furnace described earlier 2,3,12

was used‘fcr single element deposition or for vaporization of alloys of
twc.élemehts,3but it was more satisfactory to use a double Knudsen cell
from whlch the two metals could be 31multaneously ‘and 1ndependently
vaporlzed u51ng electron bombardment. . -
The double graphlte cell was screwed onto the threaded end of a

- 6 mm dlameter tantalum rod whlch was fused to a short plece of nickel
 tubing and this in turn was hard-soldered_to an electrically—lnsulated
Kovar—pordelain feedthrough. Two tungsten heatihg filaments,

30 mm x_0;75‘mm X 05025 mm,‘were spot-welded to‘threevtungsten support
rods, 1 ﬁm_ih diameter; which were first capped with tantalum foil.

Two of the:three rods served as curreht leads while the'third was
grounded,'hAll three exited through a brass flange by means of Kovar-
porcelaih;feedthroughs. The Knudsen cells and the surrounding tungsten
filaments‘were>enclosed by three concentric cylindrical tantalum radiation

shields.'fA_G.h mm diameter aperture served to collimate the atomic beam.
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The fila@énts were operated at typically 7 Q‘éﬁdJ8 a. By radiation
heating alohe,_the.KnudSén cell reached a témperature of -about 1100°K.
‘A poéitive péténtial of 700 volts applied to the‘Knudsen cell with an
electronié‘bombardment current of 150 mA‘produced.a temperabare of
about 13565K which could be maintained to ﬁiﬁhih fen degrees withoﬁt
any speciaibcontrols on the filament'éurréﬁt. Tﬁe Knudsen cells wvere
heated o attain metal vapor pressures of 2 x 107" to 1073 torr.
Typical te@bératures for Ag, Cu, and Au were 1150, 1350, énd lﬁOO°K,
respectiveiy, The concentrations in the matrices were calculated from
the flow ?aﬁe‘of matrix gas and the caleulated flow éf the atoms from
the Knudsen cell assuming complete condensation ubén the target.

The metdl cryostat uéing liquid hydrogen as-refrigerant, the
spectroscbpié'equipment; and the operational proéédures were described
earlierQ’;s;;u. The backgroundcontinuum fof the uitraviolet was provided
by a lSO'wgtffxenon-mercﬁry lamp opérating at 8 amp. A1l kilowﬁtt hydrogeﬁ
discharge:laﬁp was also used, mainly in the study éf gold below 250 nm. “
A low préséﬁre mercury "germicidal" lamp served_as thé reference source.
S1it widths were normally 60 pm with exposufe times:raﬁging from l/lO second
to 5 mihutés. Kodak 103a-0 plates were used down‘fo 245 and Kodak Shortwave
‘ Radiationv(SwR) plates were used below 245 nm. TfaﬁSmission spectra weré
taken through the matrix and the sapphire targetg but in a few experiments
with silvei the matrix film was deposited on‘highly polished aluminum and

specular reflectance spectra were taken with an incident beam angle of U45°.

We obtained identical spectra by both methods.
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Results for Single Metal Deposition

Meyerlyhas reviewed previous work on the matrix isolation of Cu,
Ag, and Au, :Three strong features are observed usually within 2000 cm"l
- of the pos;tlon of the 31/2, 3/2-&— Sl/e gaseous.trap81t10n with one

or more weaker bands often reported. For Au, the 3829 cm_l-separation
of the aPi/éiand 2P3/2 multiplét'makes the'assignméht of the three strong

features é}eéi. The band to the red is'assigned to the 2Pl/2-c— 81/2
transition with the normélly degenerate sublevels'@f the 2P3/2 level
being spliﬁ‘ﬁy'5oo to 600 cﬁ-l in Kr and Xe. The coﬁparisons of the
Cu and Aé{hétrix spectra with thekAuvspectra theﬁ provide for similar
assignmeﬁfé éf the red meﬁbér of each triplet to;gPi/2-¢—QSl/2 and of
the two ii&lét members t@ 2P3/2 ih-gsl/e. Tﬁe fluoreécent studies of
Meyer and Curiié15 provide a direct confirmation of these assigmments
for Cu. : | | |
The pfééent work on Cu, Ag, and Au, isdlated Sepafafely, is in
e3sentiai‘agféement with the earliei studies}’S’ls;iGJX)For goppef the

half—widths‘at 20° X of the three strong bands decréésed from 450 cm_l

in Kr t§ 3QO»cm-l in Xe. TFor silver in Ar, the singlet had a half-width
of the orderrof'350 cm_l while the bther two baﬁdévwére not completely
resolveduanq’ﬁad half-widths of the order of 40O to SOO cmfl. In Kr,
“the half ﬁidths were 250 cm_lAand in Xe, 200 cm-l; In contrast to_the'.
increasé in shafpness for Cu and Ag bands as thevmatrix atom became
heavier; A#iin Kr had a half-width of 100 ém-l increasing to 450 cﬁ-l : o }f

in Xe. iCu‘and Ag have been isolated'in’SF6 matrices yielding very broad |

.spectra;}7 “However gold in SF6 was quite unique in yielding bands with
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half-widths'tof only 75 cm l, sharper than observed in any rare gas
: v .
- 5
F3/2

trans1t10n d1d not separate 1nto two clear features as observed in the

matrices. The spectrum in SF6 was also unique in that the 2 1/2
rare gas matrlces for Cu, Ag, and Au Flgure 1 shows the spectrum of
Au in SF6 and Kr. FNFor those systems with broad bands w1th half-w1dths
of 350 cm-lbor more, very 1ong depos1t1on tlmes wrth;relatlvely high
vapor pressure sources were required to obtain euen“moderatelyvstrong
bands . Qn_the other'hand; ue could obtain very strong absorption in
30 minute'sr fé’r Ag in Xe with a 1140°K Knudsen cell source or for Au in
Kr with a lh20 K source. |

Ve studled the effect of the target temperature upon the spectra
by remov1ng the liquid hydrogen from the dewar. .When the target had
warmed up.to a des1red temperature as monitored by a germanlum‘thermlstor,
the spectrum was taken and the target quickly cooled to 20 K by reintroduction
of the liquid hydrogen. The spectrum was then taken at 20°K and the
warmup procedure repeated to a higher temperture This was continued
until the absorptlon spectrum had dlsappeared. thtle change was seen
upon'warminé when the band half;widths were 400 cm—l or more, but for
sharper bands, ‘the half-width 1ncreased upon warmup and the peaks shifted,
mainly to the red.. Upon recoollng to 20 K, the spectra returned
revers1bly to 1ts orlglnal condition. All of the spectra with sharp features
showed large temperature dependencies of the type shown in Fig. U4 of
referenceo3. |

Tables I, Ii, and ITI give_the observed‘peak positions, assignmeuts,
and shiftssfrom the gaseous atomic line positions for Cu, Ag, and Au, |
respectivei&, for typical experiments. The character of the bands are
'Vindicated'by (s), strong; (m), medium; (w), weak. We give no assignments
for weak bands which appeared'only at high concentrations. They might

be due to dlmers, but we saw no bands at wavelengths where bands are

; i1
H ; i R
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Figure 1. Absorption spectra of matrix-isolated gold.
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: 'Absqrption Spectra of Matrix-Isolated Copperjat 20°K.

:ﬁ  A(nm)

31 240 (s)

Matrix '}(cm—l)> Aésignment'* . Shift from Gas
o " om-
Krypton 325.5 + 0.5 30 700 (w) ?
0.batg 7 4 o
' ,3;h;8 + 0.5 31 770 (m) Pl/2<h— Sl/é + 1230
*»311.1 +0.5 3210 (m)) 5 5 + 1360
- 307.5 £0.5 32 520 (m) T + 1740
Xenon‘  326;3 £+ 0.5 30 656 (s) 2P1/2-¢—281/2. + 110
2at % - : : /& B
. 323.7 £ 0.5 30 890 (s)} o o +. 110
320.1 % 0.5 327 "2 + 160

vv Wéak features at 283.1, 273.5, 266.4, 248.5, and 247.0 ma.
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Table II.

AbsorptiOn'Spectré of Matrix-Isolated Silver at 20°K.

‘Matrix . aA(nm) ' v(cm-l)' ' Assignmehf  Shift from Gas
R -1
, . . cm

Argon  330.9 + 1.0 30 200 (w) - I
0.25 at. % , o o 2. _ o
. 315.0 £ 0.5 31 750 (s) Pyjp=—"81/p + 2190
3041+ 0.5 32 880’(m)} o N £ 2410
298.6 £0.5 33k (m) /2 P + 3020
e L 2 o _
- Krypton'~ ' 322.7 £ 0.5 30 990 (s) P, «—8S _ + 1440
0.7 st % , 1/2 1/2
' .7 313.6 £.0.5 - 3189 (s)} N o + 1420
S - P, *+—8 e
1309.4 £ 0.5 32 320 (s)) 3/2 1/2 + 1850
Xenon‘% ;f334,6 + 0.3 .29 890 (s) '2P1/2‘$“?Sl/2 + 330
0.5 at o;-v: o ’ ey »
327.3£0.3 30550 (s) 2P3/2*--'—"1'Sl/2 ' + 8
©385.7 0.3 30 700 (m) 2D3/2-@—+?s¥/2 = 14010
. 322.6 £ 0.3 °p , -Zg + 530

31000 (s) “P
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Absorption Spectra of Matrix-Isolated Gold at 20°K

M_atrix'. e A(nm) ' v(cm-rl) ' Assigrﬁnen’t - Shift from Gas
_ : - cm”
SFg - 298.1 % 0.5 33 550 (w) ?
0.7at % 5 o
, 1'261.0 + Q.e 38 310 (s) Pl/e-—— Sl/2 + 950
o 237.8x0.2 k2 050 (s) Pa/p =+ 8170 + 889
Krypton- ‘:335.6' + 0.5 29 800 (W)‘ . ?
0.3 at %
: '.~, 271.1_i 0.5 36 900 (w) ?
| ::261.1 + 0.2 38 300 (s) Pl/g-c—_Sl/g + - 94o
. 239.9 £+ 0.2 41 680 (w) ?
. 235.3 £ 0.4 42 500 (s) 5 o "+ 1330
, P - S
232.5 + 0.4 143 010 (s)} 3/27 /2 + 1840
o : 2. 20
© Xenon, . - 271.3 +'1.0 36 860 (w) P,, . ="8S - 500
0.33 at % A 1/2 1/2
' ©o 0 o2h7.8 % 1,0 4o 350 (m)i o 5 - 820
: ' P <5 _
© 241t 1.0 40 970 (m)) 3/2 12 - 200
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reported18 19 1n the gaseous spectra of Cu2, Age, or Au Even though

some of these gaseous spectral bands are seen in absorption in the
King furnace and must arise from low—lylng'states,fthere is no assurance

that theseVbands involve the ground state and would be observed in the

. 15 ' .
low temperature matrix Meyer and Currie 2 have observed Cu2 progressions

in Kr and Xe The weak features at 283, 27h and 266 nm listed in Table I

for Cu 1n Xe correspond to’ features 1dent1f1ed as Cu bands by Meyer and

2.

Currie. In-the study of the spectrum of Cu sputtered in xenon,

Shirk and-BaSS 0 had assigned the 2&7 nm feature to'the forbidden

uP-*—QS trans1t10n and had attributed the 248.5 and 283 nm features

to 1mpur1t1es. AMeyer and Curriels suggest that the 2&8 5 nm feature

could also be a portion of the P-r?S transition Table II lists

only three features for 0.7 at % Ag in Kr as the fourth band reported earlier3

appears only at much higher 51lver concentratlons than those used in this study.

- In addltion to the strong absorptions from the ground state to the

2 2
1/2 and P3/2

was unique in that it was reprodu01ble at all concentrations of

states, one band observed at 325 7 nm for S1lver in Xe

-~ silver 1n contrast to weak'bands of other systems that appear only at

high concentrations. ‘This band is clearly not due to an impurity. We
haye made soneWhat tenuous assignment to the 2D3/21ﬁ52$l/2 transition

whidh isrforbidden‘in the gas but which would be expected to be greatly
strengthenaiblmixing.of the 2P and 2D States due to'interaction with the

, o -1 }
heavy xenon. However, the red shift of 4010 cm ~ szems too large although

we could-assUme that the mixing of states might vroduce an unusually

iarge shift;f For Cu and Au where the 2D3/2 state is about 20,000 em™t
below the 2P3/é state, we see no similar bands in xenon.

N~
LY i
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We carrled out very detailed studles of s1lver in Kr to determlne
the effect of various varlables upon matrix spectra | The concentration
was varled from 1 to 0. 025 atomic percent by keeplng the temperature
of the Knudsen cell constant and changing the flow rate of Kr. Also a
number of‘matrlces with thevsame concentratlon were,prepared using
different?deposition times,'Knudsen ceil temperatures, and Kr flow rates.
Over the.ranée of variaticn studied, the spectra were almost identical.
fhe haifLWidths of the bands were of the order of 250 cm‘-l and‘the
Occasional'slight variations in half-width depended more upon the optical
thlckness of the samples rather than the concentratlon of silver. The
warm—up procedure described above was used to determlne if annealing
of the matrlx might change the spectrum, but the spectra returned to their
original:condition upon recooling. We attempted to synthesize the dimer
by warming the Kr matrix. The band widths increased and the peaks shifted,
but no new features appeared. The silver atomicfspectrum remained reasonably
strong even after warmup to about 50° K. These results are similar tcv

2 , . Lo : :
those fcr”percury% but contrast with the observation for the alkali metals8’lo

at 4°K;yhere two sets of tripiets are often observed with one sel disappearing
upon warmup and with formation of dimers upon warmup to yet higher
temperatures at which diffusion can take place. ‘The apparent lack
of anneallng effects upon warmup of silver deposited in krypton at 20° K
may be due to prior annealing by the furnace radlatlon during deposition.
For a furnace temperature of 1336°K the radiant heat input from the

. l 1 .o 5 cm away
furnace was b x 10 cal sec T mm  at the center of the sapphire plate/
or several orders of magnitude greater than the heat of condensation of

the matrix'and metal atoms at a deposition rate of 0.5 millimoles of gas

per hourl ‘We believe that all of our observed spectra correspond to

fully annealed samples. This requires that there be enough mobility
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duiing defdsiﬁion to‘allow the silver atoms and the sﬁrr0unding
krypton.afomsito attain the most stable configuration at a given

lattice sité.f Since we found no evidence for silver.polymers nor

any diffgrénées in the specfra of silver in krypton for concentrations
from 0'025'£6 above 1 atomic percent, subsequént experiments were mostly

restricted to the range from 0.2 to 0.5 atomic percent Ag.

Results for Mixed Metal Depositioh

We:ipédvertently admitted Hg vaﬁér several times when Cu was deposited in
Xe and Aﬁ in.Kr With-né éppérent effect upon thé Cu, Au, or Hg spectra.
Similar'rQSﬁlté havé>beén obserVedel for Mg tbggther with Cd or Ca.
As it miéhﬁlbe argued that long.range interactions would notvﬁe expected
for ato@é'ﬁith lS ground states, we-felt that.é ﬁixture of:atoms with
_unpaireélgiectrons would brovide avbetter test of‘long range interactions.

| Ag aﬁd Au were vaporized simultaneously in electron bombardment-heaied
Knudseﬁ céils, aﬁa codeposited'with Kr at QOAKs‘ Gold and silver spectra‘
“of comparable strength were obtained with twice as much silver as gold,
but Ag/Aﬁ was varied from:2 to -1/2. The totallconcentration of metallic
atoms Wéé'varied from 0.2 to 0.7 atomic percent;' Table IV lists the
measured péak wavelengths of an 0.7 at % matrix fér comparisonvwith the
valﬁes*in Tables IT and IIT for the elements deposited separated.
The spectra of the pure metal (a,b) and the mixed metals (a', b')

in krypton are compared in Fig. 2 for a matrix with a total metal content

3
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"Table IV. -

. ‘Absb:'c“pt‘ion spectra for silver and gold codépdsited
in krypton at 20°K, 0.7 at % total metal content.

UCRL-19641

:‘é32{7 ok k2970 (s)

o f )\(n.m) ' v‘(cm_l) . Assigmhent

»3éér8 +0 5 ' 30 §80 (s) 2P5 '<-2s Ag

. IR _ 1/2 1/2

313.8 £ 0.5 31 870 (s) - A o

309.5 £ 0.5 32 310 (s) o ,

?6li1 + 0.2 38 300 (s) ra/gl-,-sl/g Au

239.5 * 0.2 b1 750 (w)  Au?

'235.3 £ 0.4 42 500 (s) } . .

L P P -5, Au -
3/2 1/2
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Figure 2 Absorption spectra of silver. and gold isolated in krypton (a,b)
_'.fv"".separately; (a',b') simultaneously. Concentration of silver is

0.5 at % and of gold is 0.2 at %.

Q
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of 0.7 aﬁ Z%'(Q.B at %iAg and 0.2 at % Au). Only the shapes and

positionsféré compérable. The relative intensities have no significance
since théfﬁﬁéfégraphic platesvwere hot'céiibrated:aﬁd'different densitometer
settings wérejused for tracing different sections_offthe spectrum.

Cu aﬂq”Au were vaporized Simultaneously from‘an‘élloy with a
molefractionvOf copper of 0.28 which was chosen to:provide comparable

5

vapor preséurés of around‘h x_lO- torr of Cu and Au at 1350°K. Mercury

atoms were also preéent as a contaminant. The gold absorption bands were

much more intense and narrower than those of copper, as for matrices

with Single.ﬁétal deposition. Table V lists, for comparison with the
values in fébles I and III for pure metal matricéé, peék wavelengths
for a mafriX'With the Cu/Au ratio about two and the total of Au and
Cu aroundvb;i at % in Kr.
Thé;Str§ng spectrai features of the mixed metal matrices corresponded )
exactly.fé tﬁose of the pufe metal matrices plus the addition of the
strong ﬁgfline at 248.7 nm. Tables I and III‘indicate that weak impurity
or polymeiffeatures were seeh to lower cohcentfatiOhs for Cu and Au in_
Kr than'fpr»Ag. However most of the weak féatures listed in Table V
do not.corréspohd to those in Tables I aﬁd ITI. This might be taken
to indicate that these weak features are due to mixed polymers
of Hg;Cu and Au. However, additional experiments at higher metal conéentrations
without-Hg contamination would be necessary for any clear idehtification.

Thése observations are conclusive evidence that the observation

of threé‘sﬁrbng bands in the matrix compared to two‘iines for the gas

is notiduefto solute-solute interaction. If they were, the mixed atom
interacfions would surely be different than the like atom interactions
and»substantial shifts would have been observed. ' Let us examine the

statistics of the silver-krypton system with 0.2 atomic percent silver.
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L Absorp’clon ‘Spectra for Gold and Copper -

(Plus Mercury Conta.m:.nant) Codepos1ted in Krypton at 20° K

)\(nm) L u'(cm'l) | Aésignment .
L ‘ . 2. - . 2

31&._2 + 0.5 31 830 (m) Pl/2 - 31/2 Cu

3111 + 0.5 32 140 (m) ) - 5 ' |

' . : , P3/2- - Sl/'2"~cu

307.3 £ 0.5 32 540 (m) e )
| 2712 36 900 (w) . Au ?

'-‘26-_(5.‘9 + 0.2 38 330 (s) ePl/g «231/2 Au

248.7 %0 210 (v.s.) I

2392 _ 41 800 (w) _ Au ?
© '235.5 £ 0.5 42 480 (m) o ,

232'.5 + 0.5 42 990 (m) T

Also weak broad features at 33lL.4, 325.5, 321.6; 292.5, and 283.9 nm.
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For simpiibity the metal atom iéLEEEﬁﬁEamto be preséﬁt in a substitutional
site haviﬁé ;O neérest neighbors and 20 next-nearest neighbors. An |
isolated;éil?er atom 1is designated as Ag Kr, a silvér atom with another
silver atdﬁ_as a nearest neighbor as Ag Ag, and Qne,havingAa silver
atom as ﬁégffﬁearest neighbor as Ag Kr Ag. The ratio of probabilities
of thgseL@hrée groups is 50:1:2 or for 56 atoms afriving in the lattice,
50 will be present as Ag Kr, 2 as Ag Ag, and 4 as Ag Kr Ag. For Au-Kr
of the saﬁq concentration, the same values apply, namely, 89;5, 375, and 7%

for the respective sites. If silver and gold are codeposited in equal

" amounts at concentrations of 0.1 atomic percent each or a total metal

concentration of 0.2 atomic percent, similar arguments suggest‘that
again 89.5% of the total number of atoms will be isolated as Ag Kr and

Au Kr in equal amounts; 3.5% will be present as ‘Au Au, Ag Ag, and Au Ag

pairs, the number of each pair being equal; and 7% as Au Kr Au, Ag Kr Ag,

and Aﬁ Kr Ag again evenly distributed. The above calculations assume a
uniform:distribution. Any tendency for aggregaté-formation due to diffusion
during ébndensationvand‘annealing'would increase contributions from solute-
solute iﬁ@eractions- If any of the spectral featurés are due to neafest
neighbof'dr next—nearest neighbor or even longer range SOlute—soluté
interactiohsfin the pure metal experiments, spectral features of comparable
strength should be observed in the'mixed.metal experiments due to interactions
between_the unlike.atoms. The fact that these effects were nbt observed

for Ag/Au é.2, 1, and 1/2 and for total metal concentrations of 0.2,

0.3, ahd d.f‘atomic percent demonstrates that none of the three main bands

in the puievmetal matrix spectrum are due to solute-solute interactions.

Under the conditions investigated, the atoms responsible for the main spectral
features_in the pure or mixed experiments ére efficigntiy shielded from

the effectSYOf other trapped atoms by the atoms of rare gas, and the
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spllttlng of the gaseous doublet 1nto a trlplet the broadenlng of the
llnes, and the shlfts from the gaseous positions of up to 3000 cm -1
must be due to interactions between the metal atom and the surrounding

rare gas atoms. . _ » _ SR . ' 3

Results for Mixed Mafrix Deposition

Thedb?evious‘experiments have'demenstrated:that'the distinctive
features;df:the:matnix spectra’are due to interactions between the
solute atdm,and the surroundiné matrix atoms; we examined the effect
of changinéfthe:asymmetry‘of the matrix-environment_by trapping geld
atoms atséde in various mixtures of kryptonvand.sulfur hexafluroide.
Krypton and;sulfur hexafluoride gases were mixed:and:equilibratedffof'
at-least‘eighteen hours to insure.uniformity. Gold temperatures*ef
1350- 1375 K were used and ‘concentrations were varied between 0.1h4
to 0.25 atomle percent. Flgure 3 shows the spectra and . Table VI lists
| measurements_for band peaks. ' The.long wavelength peak ( /2-1--281/2
has almost ekactly the same position in pure Kr or pure SF6, but as
the propertien of Kr in SF6 increased, this peak shifted to the red.
by 260 c@si;; This feature which is very sharp in the pure matrices
almost deuhled in width in the mixtures. The shoft wavelength transition

2 2. : : _
( P3/2._;231/2) is shifted more from the gas value in pure Kr and is-

8plit by'510fcmfl compared to no detectable splitting in SFs. As Kr is , "

added to.SF6 two features develop, both ronsiderably broader than in the

[ )

pure matiices. One of these remains close to the'pure'SF6 position with
a shift first to the red by 110 ecm =and then a comparable shift to

the.other-side of the pure SF6 position. The other feature gradually
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260 '290 240 'ﬁégo
o

| | \/N
560 350 240 230
| )\(nm) |

XBL 6810-6045

Figurezg;'lAbsorption‘spectra of gold trapped in solid SF6-Kr mixtures

'2 .f:(a) 17 mole-% XKr, (b) 50 mole-% Kr,.and-(c)'83 mole-% Kr.
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Table VI.

Absorption Spéctré of Gold Isolated
ih Kr-SFé Mixtures at 20°K. .

UCRL-19641

231.0 . 3200

Atomic % . A (nm). E (cm-l) A(:cm.-l) A(cﬁl-l)
R o . ' cf. SFg ef. Kr
T%IKr}LV';  261.1 38 300 - 15 0
- 0.14% Auf'fx;f 237.7 ' 42 070 - 4 o0 3
233.7 42 790 - -e20
17% Kr“.7jf; 261.1 38" 300 S -15 0
0.2 % Au - 237.2 . w160 +10 -34%0
232.8 42 950 | -~ 60
50% Kr 262.5 38 095 - ©.220 -200
10.17% Au 238.2 41980 - 70 -520
230.8:0.5 43 330 | +320
75% Kruj?;_" 262.8 . 38 050 B -260 -250
0.3% Au  ' 238.8 41 880 175 -620
1 230.5 ' © 43 380 +370
83 kr  262.8 | 38050 = -260° -250
0.25% A 238.5 141 930 120 -570

+280




=-2l- | ,_".ﬁ_  UCRL-19641.

1nten31f1es as Kr is added and remalns close to the pos1tlon of the

“shortest anelength feature in pure Kr w1th a max1mum shift of 370 cm -1

in 75 atomlc;percent Kr. | One mlght be tempted to descrlbe the spectrum
in termszoféegregation»lnto SF6 rich sites and Kr rich sites, but even
in 83% Kr,gthere are noreigns of the feature found'at 235.3 nm in pure
Kr; ~One ﬁould have to ascribe the feature found tetween 238 and 239 nm
to a blend of the band found at 237.8 nm in SF6 and at 235.3 mm in

Kr w1th red shlfts up to 600 — for the Kr feature, If this
interpretatlon is made, the 2 3/2 level, which iS}Sblit,by 510 cm-l

in pure Kr;wincreases ite splitting to lOOd cm_l‘in 75% Kr and then
decreaseéQt9>21O cm“l in 7% Kr'with:the short'weﬁelength component
becominngeeker and weaker with only a broad feature obsertable in

pure SFg.

Summary

Thelexperiments with mixed metal matrices containing Cu, Ag, Au,
and Hg:ln Kr deﬁonstrate'that the shifts from the gaseous spectral line
positioﬁs;,the splitting'of the gaseous doubletevihto triplets, and the
increased;line widths cannot be attributed to solute—solute,interaction
and ﬁustboe due to interaction between the metallic atomsvand the
krypton atoms

The half-w1dth variation from 450 cm -1 for Cu to 250 cm-l for Ag and
100 cm-; for Au in Kr might be attributed to different conditions of
preparatlon of each matrix such as the effect of dlfferent intensities
of radiation from the furnaces. However, the persistence of these line-width
dlfferences when pairs of metals were depos1ted together demonstrates

that there are real differences in the 1nteract10n with the krypton.
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It is poss1ble that the variation is due to the smaller atoms occupylng
a greater varlety of lattice s1tes, e.g. substltutlonal and interstitial

sites as_wellvas different coordlnatlon numbers_for each.type of site.

(e .

If this is?So,‘the distribution of sites occupied by Cu, Ag, and Au
atoms'is'notrchanged by warming the matrix to es hign as 50K as the substantial

spectral changes with temperature were revers1ble upon cooling.

The_spllttlng of the 2P level in the rare gas matrlces has been

3/2 |
5,6

ascribedito;removal of degeneracy by an asymmetric environment.
The'mixed'Kr%SF6 matrix results could_be interpreted in terms of an
increase*ln_eplitting from 510 cm-l'for Au'in'pure‘Kr to 1000 em

. inva mixture:of 75% Kr.and 25% SFG' HoWerer‘the'weakening of the second

componentloffthe pair upon addition of more SF¢ is difficult to explain.
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, ''person acting on behalf of the Commission’’
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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