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ABSTRACT 

The u.v. absorption spectrmn of mercury (3P1 ~ 
1s0 ) in Xe, I<T, 

and Ar matrices has been investigated previously by other vrorkers. 

~~e present study verifies the previously published results) extends 

the investigation to include Ne, N2 and 02 matrices, and analyzes 

the effects of changing the temperature of the matrix and the concen-
"··-....... · ... 

tration of mercury in the matrix. With respect to the gas phase 

transition at 2537A-J in Ne, ArJ Kr, Xe, and N2 the observed absorp­

tions are shifted to shorter '..rave length by 940, 1270, 775, 10 7 and 

8~-5 cm-1, respectively. T'ne half-vridths of' the absorptions increase 

with increasing temperature ~~d with increasing mercury concentration. 

Xe and Kr matrices. show partially resolved triplets, vrhile N2 yields 

a broad.doublet. The separ~te components of the multiplets respond 

differently upon warming of the matrices. For matrices >vith a mercury 

concentration;· > 1%, additional features, presumably due to dL-ners or 

other aggregates, _are observed. 
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Several workers have studied the visible and ultraviolet spectra 

of various species trap}?ed in inert gas matrices. However; the inter-

pretation of their results has sometir;"tes been complicated. -o;;r various 

broadening, and splitting into multiplets. 
1 

All three of tl;e:se phenomene" 

are observed in the spectrum of mercury atoms trapped in various matrices. 

It is therefore appropriate to study this system in detail in the hope 

that additional insight into the causes can be obtained. 

In many respects, the mercury-inert gas system is idep.l for study: 

the vapor phase of mercury consists almost entirely of mercury atoms; 

the investigation is experimentally straightfonrard, and only one str'ong 

transition is expected to be observed in the spectral region of interest. 

The spect:c'UJ:':1 of the 3p
1 

..._ 1 s
0 

transition in Xe, Kr, Ar. and isb­

pentane has been studied previously by McCarty and Robinson2: 3 and by 

Roncin and Damany- As to"in;4 the results are collected in Table J:. 

..._ 
1s transition has also been studied4' 5 and an absorption 

0 
1 The P

1 

attributed 3 1 4 to the P 
2 

..._ s
0 

transition has been. observed. 
3 1 , 

The present work extends the investigation of the P
1 

..._ s
0 

transition. The main objective w~s to study the effect of using new 

matrices, changing target temperature, and varying mercury concentration • 

. EXPERIMENTAL 

The metal cryostat used for these experiments consisted of an cute:c 

shell with sapphire -vrindovrs along the optical axis; ancl an insert 'iT::1ich 
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contained the refrigerant and from vrhich was susp.ended the copper ·block 

in vrhich the target -vras mounted. Two different inserts were used, 

depending on the refrigerant selected; the liquid heliw~ insert, unlike 

the liquid hydrogen counterpart, had a liquid nitrogen radia"cion shield. 

vrhich surrounded the liquid helium reservoir and the ta:rget. The inse:ct 

could be turned 90° during the course of the ex-periment, alloviing the 

target to be oriented normal either to the matrix gas inlet system o:r 

to the optical axis. Both sapphire and CsBr were used as target materials. 

The liquid hydrogen insert -vras equipped. with a copper-gold. (2.1% 

cobalt) thermocouple for measuring temperatures during v.rarm-up e:-::peri-

ments. \fnen the sapphire target was used, the thermocouple vras attached 

to the copper block immediately belo•,r the target. 'I'he CsB:r target, on 

the other hand, had a thermocouple -vrell bored from the edge to the 

center .of the target; the thermocouple w"'as secured in the target. v.rith 

Wood 1 s metal. It was discovered that, although the the:rmocouple junction 

vras thus ex-posed to irradiation by the hydrogen discharge tube vrhile 

spectra were being taken, this environment did not change the temperature 

recorded. The thermocouple emf'.was transmitted directly to a chart 

recorder, thus allo>ting a time~temperature history of the s~~ple to be 

made during a >·rarm-up experiJnent. 

A schematic d.ra-vling of the matrix gas inlet system is shm·m in 

Figure i. The inert gas at a pressure of 0.1 to 1.0 Torr partially 

equilibrated with the mercury vapor above the mercury reservoir, and 

then passed th:rough the 0• 5 mm orifice into the cryostat~ A vrate::· bath 

:placed arOw"ld the mercury reservoir Controlled the me:ccury Ve,pO:C p:::·.:;-;:;.;:n:..:~·,::,, 

The total gas pressure above the mercury reservoir vras :mec.su::.'2\:~ · .. ::.-c .1 :=:, 

rkCloud gage; except vrhen a measwement was. being made, the l~kCloud gc.o..ge 
·. 
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l·ras isolated from the rest of the system by a closed stopcock to prevent 

·the ga.ge from functioning as a second.:='XY source of ::nercury. The inert 

purpose of the second channel :was to permit addition of small amounts 

of impurity gases. 

Linde High Purity gases or t:quivalE:mt were used. vrithout further . 

purification. Ballard's c. P. Tripple Distilled mercury 1vas distilled 

lL"'lder vacuum into the reservoir in the inlet system. 

Spectra vrere photographed in the region from 2200 to 3000A vri th a 

0.75 meter Jarrell-Ash f/6.3 spectrograph having a 2160 lines per 

millimeter grating bla.zed for 3000A and giving a dispersion in first· 

order of 5A/rf®. The continuum was provided by a hydrogen discharge 

tube. 

The experimental parameters are su~arized in Table II. The 

values of M/R (moles of Matrix/moles of Radical) were calculated on 

the assumption that the mercury vapor equilibrates with the inert gas;. 

however) since, particularly at high flow rates, equilibration was 

incomplete, the calculated values represent only the lower limit of 

the actual M/R. 

With the exception of neon, all matrices 1vere studied "both at 4 

and at 20°K; neon was deposited at 2 and 4°K. · During a typical eA~eri-

· ment) between 0.3 and 6 millimoles· of matrix were deposited. Prior to· 

the beginning of deposi-'cion, the cryostat pressure i,ras less th<:~~. 

4 x 10-
6 

Torr; during deposition at 20°K) the press.u.Te rema:Ln12d J_es::; 

than 8 x 10-
6 

Torr. Ttfnen liquid heliu.rn was used as a ref'Tig•o.::c<:~;~,~: 7 -7;~-:..::: 

pTessure incTeased in some cases to 1 x 10-4 ToTr duTing deposition; 



this circumstance is attributable to the small size of the ;,<Tind.m·rs 
··-~~.... ' 

. .,· 
in the liquid nitrogen radiation shield and hence to the small cross 

sectional area avc,ilable for cryogenic pw"Ylping by the liquid hel.iU:.il 

De.,·rar. Nevertheless the mean free path 1vas still longer thE~n the 

actual distance from the inlet system to the ta.rge-G. 

Since it v:ras necessary to assure that the observed s:pectra >:iere 

due to mercury atoms 1,rhich i·rere well isolated from one another; a t-1-ro-

fold experimental approach ·was used.. In the majority of experL~ents, 

parameters 'l·rere selected. to assure the maxiJnu.rn degree of isolation; 

in particular 7 the maxirnw"n practical M/R was used. and in. sorae instances 

liquid-helium ve.s used in place of liquid hydrogen. On the other hand, 

in some e:x:perir..ents ·the degree· of isolation -vras deliberately reduced. so 

that spectra due to dimers and other aggregates could be more readily 

identified. 

For warm up .experiments 7 the refrigerant i•ras allm-red. to· evaporate· 

and then spectra were periodically photographed as the matrix warmed. of 

its own accord. TI.1.e rate of vrarm up was 20°K/min initially and. decreased 

to 4 °K/min at 50°K. In some experiments the partially 1-rarmed. matrix i•ras 

quenched by the reintrod.uction of refrigerant. 

In the case of the xenon matrix, the effect of adding ten mole 

percent of water vapor, nitrogen,. or O:ll:ygen 1-ras also investigated. For 

these experiments; the impu:ri.!cy gas was metered by the second channel 

of the flow metering system and was mixed with the xenon prior to reach-

ing the matrix gas inlet system. 

In ·a few eA.J.?eriments w"i th xenon and argon1 '\·rhi.le the matrix \·ms 

being deposited7 . a f.l--wave discharge was maintained in the ms.:c7d.:-: 



[ -o-

inlet system in tne zone ir:L'nedic:.tely before t:!:le Ol'i:f:'ice to t!J.e cryostat· 

This environment in no vmy influenced the spectra observed. 

partially resolved structure. In each of the matrices studied, the 

center of gravity of this absorp-cion >:·ras shifted to· shortel~ ,,.oavelength 

"::! • 
-vrith respect to the gas phase -1p_ .:­

_!_ 

1s +~an~~~~o~ g~ 2~~o£ st Q v-c ,,;;>.;_(,.;_ 1. u.v .}..) • .., •.• The 

magnitude of the shift -vras dependent not only on thE; type of mat:cix, 

but also on the temperature at which th,e matrix Tlfas deposited; the 

observed shift was·'slightly greater for matrices depositeci at l.~cK. The 

half--vridth of the absorption vras likevrise a function both of matrix type 

and of target temperature; for a given M/R, the matrix deposited at the 

lower temperature yielded a narrovrer half-width. Typical densitometer 

tracings of spectra attributed to well-isolated mercury atoms are. sho-vm 

in Figure 2; Table III s~;iiiartzes the data for these spectra. 

If the degree of isolation vras somewhat reduced, the absorption 

broadened, shifting to-vrard the red, and developed a shoulder on the red 

edge. Under conditions o:f poor isolation, new absorption maxL-na >:·.Tere 

observed. 

Xenon: Large M/R experiments conducted at 20°K with xenon yielded 

an absorption having three partially resolved maxima. The feature w~s 

. slightly, but clearly.; asyrrinetric, the short wavelength component being 

the best resolved. The relative intensittes of the three n:;:,so~:}_)t::.o:'l 

Tne estimated half-~ridth of the individual members of the t1·~:_;let l:Tas 
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-1 
150 em The observed maxima were not separated syrr~etricallyJ 

hovever, it -vras difficult to estimate the actual ·locations of the 

three contributing members because of the shift in apparent·maxima 

caused by overlap of the individual components. 

The effect of vrarming the matrix is illustrated ·by Figure 3 (a). 

The following facts were noted; 

(1) The position of the short wavelength component of the triplet 

remained constant. 

( 2) The hro long vravelength components shifted to longer -vravelength; 

the shift vras ap:proxi..-·nately a linear function of temperature and amm.mted 

6 -1/o to 1. em K. 

(3) The relative intensity of the three components remained constant. 

(4) The behavior observed during w~rm up w~s reversible; vhen a 

matrix which had been vrarmed to 55°K vras returned to 20°K, the initial 

structure and half-width vrere recovered. 

Since it was possible.that one or more members of the triplet might 

be due to the interaction of mercury atoms with impurities in the xenon 

lattice, the most probable impurities, N2, o2 and H20, vrere purposely 

added to the matrix in some. experiments;/ the results are illustrated 

by Figure 4. In general, no large effect was observed although the 

spectra differed in some details from the spectrum attributed to atoms 

well isolated in pure xenon. In particular it was found that the addition 

of impurities resulted in (1) shifting.of the blue member of ·the triplet. 

10 to 20 em -l to shorter wavele·.ngth; ( 2) increasing of the half >-Iidth; 

(3) altering of the relative intensity of the three comp·onents, and. 

( 4) the appearance of a shoulder on the long vra v: ele ngth side ivhen 

H20 vras the impurity. 
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The. effect of reducing--tf:e M/R vras also investigated; for an M/R 

less than 100 it was found that the absorption broadened and shifted 

to the red, i;;hat a shoulder app-eared on the long-vravelength side 7 and 

that the short wavelength component of the triplet.shifted about 10 cm-l 

to shorter wavelength. 

The ex--periments conducted at 4 oK 1vere designed to as sur~ maximu.."ll 

isolation; the M/R vas selected to be 1000. Hmvever, the spectrum 

obtained vras similar in all respects to the. spectrum of poorly isolated 

atoms;' in this case the short wavelength component of the trj_plet 1vas 

found 20 cm-l to the blue of it~ expected location. No ex--planation for 

this result can be presented. 

KrYIJton: The spectru.."ll attributed to vrell isolated mercury atoms 

in a krypton matrix at 20°K appeared to consist of three poorly resolved 

components; the short vravelength member contributed only a shoulder ·to 

the over-all structure and vras not clearly resolved, by contrast 1vi th the 

corresponding component in the xenon matrix. However, with this exception,. 

the spectrum was in all respects similar to that observed in xenon. L~e 

estimated separation between the components of the triplet vias, Kithin 

experimental error, the same as in the xenon matrix. 

Yne behavior during warm up of the matrix is illustrated by 

Fi,gure 3 (b). With increasing temperature the tvro long-wavelength mem-

. bers of the triplet shifted. towetrd longer 't>ravelength ;. the shift ~ras appro::d-

. .· . . -1 
mately linear with temperature,-3 em /°K. As this shift prbgressed, 

"t1he short-wavelength shoulder bec&'1le rilore prol!linent; above 50°I( it 

developed into a w·eli defined band 1·rhose position at. )_~021~5 -1 
em ';-.ras 

observed to be independent df temperature. This behavio1· .suggests that 

. this band could well correspond to the short-w-avelength co::nponent of 
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the xenon triplet. The evidence would also suggest that this b&.nd 

eives rise to the short-wavelength shoulder observed iri the krypton 

It is noted that the position of the 402~5 
-1 . 

em band· 

does riot coincid.e vri th the estimated position of the compor"ent giving 

rise to the short-i.,avelength should.er observed at 20°K; this discrepancy 

might be attributable to an error in the estimation of the location 

of the component responsible for the shoulder. 

For matrices deposited at L~ oK, the center of gravity of the 

absorption spectrum was at 2487.6A by comparison vrith 2488.61\ for 

matrices deposited at 20°K. The structure of the triplet was no better 

resolved for the 4°K matrices. 

Very small M/R matrice.s yielded spectra having three ne\'i absorptions. 

(1) An intense band at 2496. 5.~ which overshad.owed the - .I-. aosorpvlon 

d.ue to isolated atoms. 

( 2) A broad should.er on the long-wavelength side of the 2L:-96. 5A 

band. 

(3/ A weak, red-degraded band having a maxL~um at about 2290A and 

-1 
a half vridth of about 1500 em 

Argon:· Large M/R experiments with argon matrices at 20°K and at 

4 °K yielded spectra having a general profile which ,.,as similar to that 

obtained with xenon and krypton matrices; but which failed. to shovr any 

resolved structure. 

By reducing the M/R, . three additional bands, each having its counter-

.part in the spectrum of the krypton.matrix, could be obtained (s2e· 

·Figure 5) ~ 
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(1) The intense band at 21+73· 5f\ shovm in Fig-u.re 5(b) became the 

·dominant fe<:tture in the s:pectrtli11 >vhen a matrix 1-r:i.th M/R < 100 vias 

deposited rapidly. 

( 2) Under the same cor~cJ.-itions, a broad shoD.lder vraE; observed 

on the long-i·ravelength side of the 2473· 5A band. vJhen the mf_trix 

vas formed more slmvly, this shoulder· developed into the d.istinct 

band at 2498.6A, illustrated by Figure 5(c) . 

. ( 3) If a very thick matrix -vras deposited, a weak, recl.-C:.es:raded 

band having a maximum at about 2260A >·ras observed. 

Neon: The results of experL"llents vri th neon matrices are illu-

strated by Figure 6 and demonstrate that a large M/R can not alv1ays 

assure isolation.of the species being studied. Figures 6 (a) .and 

(b) vrere obtained with an early e:A"Perimental configuration having a 

. 2 
sapphire target with an exposed area of 7.2 em ; the band, located 

-.1. 
at 2502.0A, had a half-width of 500 em ~ne appearance of the 

short--vravelength shovlder in the large M/R experiment (Figure 6 (b)) 

suggested, however, that the 2502.0A band could not be attributed to 

isolated atoms. To test this hypothesis, the experimental configuration 

2 
'i·ras modified: the exposed area was reduced to 2. 4 em , and a CsBr . / . 

target -vras used; .as a consequence of this modification, the contact 

area betw·een target and target holder was increased. The ne-vr con-

figuration yielded a new band at 2477.4A (Figure 6 (c)),-but no trace 

of the 2502.0A band. An experiment at 2.0°K yielded the Sw"lle result. 

It is believed that, in viev of the conditions under i·ihich the 2477. 4A 

band vras observed, it is due to vrell isola3;ed atoms.. It is noted thc,"c 

this a~sorption has a profile distinctly unlike that observed fo~c xenon, 

krypton, pr ar~on matrices; the neon profile is characteristic of a 
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singlet, rather than an unresolved triplet. 

Nitrogen: 'The spectrum attributed to atoms isolated in a nitrogen· 

matrix :~.;as characterized by an unsym,·netric doublet having a narrm·r ·oand 

. at 2468. 4A and a broad band at longer wavelength. The short->·mvelength 

band appeared to be nearly temperature independent during Har:·n up 

e),.']?eriments, as illustrated by Figure 3 (c). The location of the long 

-vravelength maximu.'ll, however J vras strongly dependen:C upon temperature; 

while this latter band shifted only slightly between 20 and 30°K, above 

30°K it shifted rapidly tovrard longer wavelength at a rate of 25 em -l/ °K. 

Unlike the xenon and krypton matrices, in nitrogen the relative inten-

si ties of the tvro b~nds changed as a function of temperature; the s'hort 

vravelength band 1-ras no longer observable above 50°K, while the long-

wavelength band persisted to 60°K. Thus, ivhile the nitrogen spectrucll 

.bears some superficial resemblance to the xenon and krypton matrices, 

there are some .no··table distinctions in the behavior of the individual 

components. 

Oxygen: Several attempts, both at 20°K and. at4°K ivere made to 

.isolate Hg atoms in an oxygen matrix. In no case vras it possible to 

obtain a discrete spectrum "Q~t>-reen 2200 arid 5000A. 

DISCUSSION 

Xenon 2 Krypton, and Argon: Large M/R exper:Luents yielded spectra 

having shifts in good agreement vrith the data published by M:cCar·cy and 

'Robinson for each of these matrices. On the other hand; the spectnm1 

published by Roncj_n and Dama.ny-Astoin in argori ivas also approx:Lua"ced 
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:provided a matrix with a small M/R vras deposited rapidly; the· ex:peri-

mental condition under 1·rhich this spectrurn vras obtained suggests that 

it can not be attributed to .isolated atoms. 

McCarty and Robinson reported vrell resolved triplets in all three 

matrices; the half-1.;ridth of the individual components >:vas 
-l 30 em in 

xenon and krypton) and larger for argon. By contrast,· in the.present 

work, the triplet was only partially resolyed in ·xenon and krypton7 

and not resolved in argon; further, the estL-nated half-iddth of the 

· individual components was 150 cm-l 

. 2 6 
The observed shifts satisfy the :predictions of theory, 7 

. both vri th 

respect to :polarizability of the matrix atoms and vdth respect to the 

internuclear distance between nearest neighbors; specifically, ., .L. c;ne mosv 

:polarizable matrix shows the smallest blue shift,. while the "tightest::. 

matrix shows the largest blue shift. 

· Neon: McCarty and Robinson have quantitatively explained the shift 

,observed in xenon) l).rypton and argon on the basis of a Lennard-Janes 

:potential between the trapped mercury atom and the rare gas atoms. If 

it is assumed that the shift observed in neon should continue the trend 

found in the other three matrices 7 McCarty and Robinson's calculations 

can be. extended. to the neon matrix; using a = 2.90) M = 0.141 and 

N = 0.0206) the predicted shift is. 3600 cm-1, four tL-nes the observed 

shift. Weltner, Walsh and Angell have observed a sinlilar discrepancy 

in the case of .the c
3 
molec~ie trapped in neon. 7 

Contrary to expectation, the shifJ0 of the mercury spectnrm j_n :::-1eou 

was even smaller than- that observed j~n argon; thus :Ln neo~1; e,-c::n the 
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aualitative descrintion of interactions breaks dow~. It must therefore . ~ ~ 

.be concluded that the merc·J.ry atom cannot occupy a single substitutional 

site in a neon lattice. 'Additional evidence of the uniqueness of the 

neon r.1atrj_x :Ls su.pJ:ll::.ed by the fact that the profile of the abso:rption 

was distinctly differ~nt in neon.· 

The neon matrix can be satisfactorily described as a crystal 

"fractured 11 near the site of a mercury atom; alternatively "c~-:e :nercury 

atom may occupy t1vo or more substitutional sites simultaneously. In 

either case, the relatively narrovr half-'lvidth .of the absorption suggests 

that the environment must be highly reproducible throughout the matrix. 

Tri~let S~litting in Xenon and Krypton. Although the·data do not 

permit a decision as to the cause of the triplet splitting) several 

factors can be ruled out and some insight into the nature of the inter-

action can be obtained. 

(l) Multiple sites do not cause the different members of the triplet. 

One arrives at this conclusion by noting that the relative intensities of 

the three components are not affected by changing M/R) o·r deposition 

rate, or by annealing of the matrix. 

(2) ·By the s~e ar~wnent, one can reason that the splitting can not 

be' accounted for by the trapping of. two or more ~ifferent species. 

(3) If the presence of impurities were 'the c~use, one vrould e:A"Pect 

much larger changes than are actually observed when 10% of various impuri-

ties were aqded to the matrix gas. 

· The.breaking of orbital degeneracy remains.a possible cause of tile 

triplet. The appearance and behavior of the triplet during \vann up 



eA.'}Jeriments suggests that th~ primary splitting may' be into a doublet' 

vrhile a secondary interaction results in further splitting of the long 
.. 

· vraveleng:th C?mponent of the original doublet. · The· potential curve for 

the e~cited. st.ate leading to "ch~ 2528. 6!1 .component closely parallels 

the potential· curve :for the ground state) while the pote""tial c·c:cve;:; 

for the 2536 ana. 254.1A features must have a steeper slope than the 

ground. state curve. Thus small changes in internuclear distance during 

warm up vrould. lead to shifting of the two long-wavelength components 7 . 

but not of the 2528.6A band. 

Comparison vrith Other Spectra: Since the density of the solid 

can be ap:yroached in liquids and high pressure gases, it is of interest 

to compare the specira· o"Dtained in these tvro latter media lvith .J.' vne 

spectra observed in the solid.; it is recognized ~hat such a compa:r-ison 

is fraught with pitfalls because· of the much greater kinetic energy 

present in liquids and gases and because of the lack of endUl~ing order 

in these media. Nevertheless some interesting parallels ·can be d:raim. 

(1) High Pressure Spectra: The 3p
1 
~ 1s

0 
mercury transition has 

' 8' 8 9 ' '10 
been observed in the presence of neon, argon;. 7 krypton, and. 

nitrogen9· up to 1500 atm7 820 amagats 7 190 amagats,; and 680 a."llagats, 

re'spectively. 

In each case7 the principalabsorption was observed to broaden and. 

shift as the pressure vras inc:reased; at higher densities,. one or more 

satellites appeared on the short .wavelength side of the principal 

absorption and increased in intensity -vrith. increasing density. In the 

cases of argon nitrOgen t11e dens'itieS achieved ivere 

the-density of the solid. 
.. _ 

T'ne .. spectra oYcained in these media ·;.;e;:·e 
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quite similaT; at the highest pressures studied they consisted of tvm 

bToad overlapp::.ng features 7 

syectrw:n. 

matrix spectruiil of vrell isolated. mercury atoms consists of a single 

bToad feature, unlike the high pressuTe spect:..'U..rn.. On the other hand; 

small M/R experiments d.o yield two absorption ma ... "'<:ima; this sirn.:i.ls.:rity 

vrith the high pTessuxe spectra may be only fortuitous; pres\'.':-::; ·:.~:{>:: :.c;:,~_,, 

inadequate to decide. 

By contrast) the matrix s:pectnun of well isolated :me:ccul'Y a~~oJ:lc~ 

in nitrogen has tvro broad maxima· and thus sho-vrs gTeater simj_lal:..ity to 

the respective high pressure spectr-u..Jl. The d.ata of Robin and Vodar9 , 

suggest that at 820 amagats corresponding :to the density of the solid, 

the tvro components of the high-pressure spectrum should be at about 2515 

and 2460A. 

(2) Liquid Spectra: 
.., 

The ,)p <-
1 

1s transition has been observed 
0 

11 12 
in numerous solvents. ' Typical spectra consist of tvro components 

separated by 25 to· l.~OA. Typically the short -vi'avelength member of th~ 

doublet is narrower than the long -vravelength member; the center of 

gravity of the entire absorption is shifted to longer w·avelength from 

2537A-

The general shape of the liquid spectra is strikingly similar to 

matrix spectra obtained in xenon and nitrogen. In each case, the matrix 

.spectrum has a narrow short wavelength component and a broader long 

wavelength member (having two intensity maxima in the case of xenon). 
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'Yne s:pectru111 obtained in a partially w-ar.med krypton matrix ha:3 the 

S&'11e characteristic:~ 

Molecular S:;;ectra: Small 10./?.. experiments were conducted under 

conditions favoring the' formation in the matrix of Hg
2 

and other aggn:~gates; 

the spectra observed confi:"Ul the presence of the dimer.. The stro:'lg band 

appearing at 2Lf96. 5A and 2473· 5A in krypton and argon, r?s:pectively) 

corresponds to the 2540A band of Hg2. The absorption located approzi­

mately 200A farther to the violet probably. corresponds to the 

transition located at 2345A in the gas phase. The 21~98. 6A band in 

argon and the 2502.0A band in neon ~re of uncertain origin; but could 

also be due to the dimer. 
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Table I 

Transition in Solid Matrices 

Authors 1>1atrix . · Shift from 2536.5A Half-itJid th 
( -1 l -..L, ern ) (em J 

•/ 

Robinson( 213 ) McCarty and Xenon " 30 ± 10 (a) 

Krypton 795 ± 10 (a) 

Argon 1280 ± 15 (a) 

Roncin and D. A _,_ · (4) . amany- s vOln iso-C
5

H12 -355 ± 8o 1000 

Argon 910 ± 8o 650 

(a) In each case .the absorption was observed to split into three 

-1 
components; the half-vridth of the individual components w·as 30cm for 

xenon and krypton and larger for argon. The separation of the incH-

-1 vidual components was 120 ± 15 em in each matrix. 

·•. 



Matrix Mj~\. .. . 

Xexon 10 - 1000 

Krypton 10 - 3700 

Argon 10 - 2500 

Neon 200 - 2000 

Nitrogen 200 - 3100 

-19-

Table II 

Experiinental Par~vr:eters 

· Teiill)er.::..tL.ll"'e 
of Hercury 
Reservoir (°C) 

0 - 61 

0 - 58 

0 - 55 

0 - 22 

0 - 22 

Rate of 
DE:lJOSi ~ 

·:::n "'ol e/il"' J. -J.;... ........ .. .... 

0.2 - 1.8 

0.2 - 1.4 

0.2 - 2.0 

0.6 - 2.2 

0.6 - 1.7 

vTarm-u:p a.nc quench; 
f.l-'~Tave disci1arge 

Warm.-up and quenc'h 

f.l-l·rave ci.ischarge 

l>rarr:1-u:p 



r;r, -c.v-

Table III 

,Absorption .S-oect:r-wn of the Mercury 3p· --- 1s - . 1 0 

~ransition in Solid Mttrices 

Matrix Center at Half Shift f:::.·om · Half \hdth J'.bsor:ption 

Xenon, 20°K 

Krypton, 20°K 

Krypton, 4°K 

Nitrogen, 20°K 

Nitrogen, 4°K 

M~xi~w~ Intensity 2536.5A 

2536.0 

2488.6 

2~·87. 6 

2458.4 

2457· 3. 

2477-4 

2486.5 

2483·3 

39 420 

---

LfO 171 

l.:.o 187 

( -1\ em j 

10 ± 

760 ± 

775 ± 

l--? 

15 

15 

40 665· 1255 ± 15 

40 683 1270 ± 15 

40 353 940 ± 15 

4o 205 795. ± 15 

40 257 845 ± 20 

Maxima 

305 39 341 ± 15 
39 ln8 ± 15 
39 536 ± 10 

365 l.10 034 ± 25 
Lf0 158 ± 25 
40 286 ±o 25 

365 

1.~20 

435 l.fO 641 ± 30 

4o 335 ± 20. 

780 Lf0 lOL~ ± 75 
40 500 ± 15 

750 J.~o 10~· ± 75 
Lto 510 ± l5 
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Figures 

Figure 1. :VIatl·ix Gas Inlet System. 

Figure 2. i'.i)sorption Spectru:n of "che Mercury 3:::\ .c- Transition 

in Solid Matrices. 

Figure 3· Warm-Up ExperLuents. These Spectra Represent the Behavior 

over a Temperature Range from 20°K to about 70°K. 

Figure 4. Lupurity Experiments. Except for the Addition of Different 

Impurity Gases, the Experi~:Je::~tal ?ar&ueters \·rere -~::1e Saz:e 

Figure 5· Absorption Spectru.'11 in .Cu-gon as a Function of M/'3 ana. 

Deposition Rate. 

Figure 6. Absorption Spectrurr, in Neon. (a) and (b): Sapphire T~·get 

with 7-5 cm
2 

Exposed Area; (c) CsBr Target idth 2.5 cm2 

Exposed Area. 
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This report was prepared as an account of Government 
sponsored work. Nei~her the United States, nor the Com­
mission, 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 information contained in this 
report, or that the use of any information, appa­
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor­
mation, 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 Com­
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 

of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 




