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Solutions of mercury in liquid hydrocarbons (V5 x 107°M at 25°C)?
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may be stabilized in the glassy state by quench cooliné in liquid ni-
trogen at 77 K (Fig. 1)3®. When a glassy solution in 3-methylpentane
(3MP) is exposed to 254 nm radiation absorbed by the Hg, the intensity
of the Hg absorption band diminishes while a broad absorption from 200
nm to 300 nm (Fig. 2) attributable, in part, to 3-methylpentyl radicalé
appears in parallel with growth in the known ESR signal of the radiéals
The rate of growth of the radical concentration approaches zero with
_ continued monochromatic 254 nm illumination (Fig. 3), but increases
upon.exposure to broad band 200 nm-300 nm light. Exposure. of a.fresh
3MP-Hg glass sample to the broad band light at 77 K causes continuous
growth in the radical concentration with no plateau, many radicals be-
ing produced for each Hg étom present (Fig. 4). These obsérvations in-
dicate that a species formed in a primary or secondary act following
photoactivation of the Hg by 254 nm light (e.g. HgH, HgR or HHgR) ab-
sorbs in the broad band'region and is decomposed, liberating Hg'which
again absorbs 254 nm photons and produces more radicals. No ESR signal
»; from the intermediate has been found, indicating that it is not para-
QQ' magnetic or that the spectrum is tod broad to detect.
The initiél rate of radical production by illﬁmination of a fresh
‘ 3MP-Hg sample is directly proportional to th ight intensity. At .
\ ) ]m . ,
| | b

.DISTRIBUTION OF THIS DOCUMENT IS UNLIMITED




DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of 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. Reference herein to any specific commercial product,
process, or service by 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. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.



plateaus:of‘the type of Fig. 3, the ratio of radicals to Hg atoms which
have disappeared may be greater than unity and it increases with the
light intensity, but to a power less than first order. Thisvseems to
imply that the initially formed intermediate absorbs 254 nmito regen-
erate Hg (e.g. HgH 22+ Hg + H) in competition with a reaction which

254

forms 'a species with relatively low extinction coefficient for 254 nm

(e.g. HgH + Re > HHgR), which is decomposed at other wavelengths of the

broad band light (e.g. HHgR-l-l-'\“—-> Hg + RH).

Illuminations with the broad band light at 5 K do not produce con-
tinuing radical growth as at 77 K, but rather lead to a steady state
concentration at V0.2 radicals per Hg atom (Fig. 4). Tﬁis may be at-
tributed'to concerted formation within the low temperature pérent cage
of a compound with the properties attributed ébove to HHgR, coupled
with an ability of the low temperature matrix to deactivate the HHgR
without decomposition when it is aétiVated by a photon from the broad

band source. At 23 K the plateau is higher than at 5 K, while at 58 K

" continued growth occurs, though at a lower rate than at 77 K. Thermal

decay of the radicals produced by the photosensitiéation isvonly a ﬁew
percent per hour at 77 K and is undetectable over hours at the lower
temperatures studied.

These studies indiéate:' 1) energj gransfer from Hg(63P,) atoms
to molecules in a hard organic giass inducing bond rupture as in the
gas® and liquid phases®; 2) a new method of producing trapped radicals
for study in glassy métrices; 3) a means of trapping intermediates ffom
Hg pbotosensitization reactionswhich ﬁay in further investigations

assist in identifying them and their. reactions; 4) a potential source
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of information on the kinetics of radical-radical reactions in radical '

~ clusters in solids§ 5) the possibility of false interpretation of pho-

tocheﬁical results in.copdensed systems containing unsuspected Hg as a
contaminant.

All experiments were made with purified degassed reagents; optical
measurements used a 5 cm light path; radical concentrations were deter-
mined from the double integral of the first aerivative ESR spectrum.

References
1. This work has been supﬁorte& in part by the U. S. Energy Research
and Development Administration under Contract No. AT(ll—l)—l7lS
and by the W. F. Vilas Trust of the University of Wisconsin.
2. (a) J. N. Spencer and A. F. Voigt, J. Phys. Chem., 72, 464 (1968);

(b) R. R. Kuntz and G. J. Mains, ibid., gg,' 408 (1964).

3. N. Bremer, B. J. Brown, G. H. Morine, and J. E. Willard, J. Phys.
Chem., 79, 2187 (1975).

4. E. D. Sprague and J. E. Willard, J. Chem. Phys., 63, 2603 (i975).

S. For reviews of Hg-photosensitization reactions and references,
refer to (a) J. G. Calvert and J. N.‘Pitts, " Photochemistry" ,
Wiley, New York, N.Y., 19663 (b) R. J. Cvetanovic, Prog. React.
Kinet., 2, 39 (1964); (c) A. B. Callear and P. M. Wood, J. Chem.
Soc., Faraday Trans. 2, 68, 302 (1972); (d) A. C. Vikis aﬁd D. J.

LeRoy, Can. J. Chem., 51, 1207 (1973).

g




| ¢
SRS |
“ > KoL °. -
y
T4
i
LI0-
1.00-
BEFORE
E C PHOTOLYSIS ]
v 0.901- :
Z L >
g 035 E ]
(%]
. é 0.30- Z TMIN
\ o .- u PHOTOLYSIS _|
! - -
. % 020 < 15 MIN
’_L____) [ PHOTOLYSIS
010 S
02t
1 | 1 1 ] ]
240 250 260 270 -
WAVELENGTH, nm
Fig. 1. Spectra of Hg in 3MP glass at 77 K - "0 1 1 1 i © 1 ) 1 1
(5-cm pathlength in two 2.5-cm® quartz cells): 220 240 2860 280 300
(A) spectrum of cell walls, 3MP is transparent WAVELENGTH., nm ) 3
in this region; (B) 3MP saturated with Hg at : ’ - 1
2? C and quenc?ed to. 77 K; (C) 3MP saturated Fig. 2. Spectra of 3MP-Hg glass at 77 K at
with Hg at 55°C and qugnched to 77'K“ . . different times of illumination with 200 nm- _
) 300 nm medium pressure Hg lamp. -
3
20 [ 2 -
g
E 10 f
E‘Z
< 2k
S | =8
RN
2 Q
g§ 1 &
97 4
<
]
Ia)
s A/
: N S—8~5K
5 2026 60 80 100 120 ol o™ i ‘ : '
] o] 2 5 5
PHOTOLYSIS TRAE, MIN . P ° PHOTC?_YSIS Th\;ln?., MIN 00 12
Fig. 3. Concentration of trapped radicals Fi : i
. ! ? ’ g.- 4. Concentration of trapped radicals,
?iij:i::t?y ES?’33§ ; fu?ctionto§7time °£ as a function of time of illumination of %
on of 3MP-Hg ass a { wit - Z
¢ o 254 nm light from V cgrglow res : MPHg glass at 77 K, 58 K, 23 K and 5 K i
. m vy P surc 7§ with 200 nm-300 nm light from medium pres-

s lamp. Curve A, 4.1 x 10%ergs cm %sec™';

sure Hg 1 .
Curve B, 3.7 x 10“rgs cm ?sec™’. & famp

q




