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I. Introduction 

This report describes progress of experimental work from September 1, 

1979 through July 31, 1980. At the time of writing, seven papers are in 
1-7 1-2 various stages of publication. Two papers are currently in press-. 

3-4 
two have been accepted for publication in final form, and three more 

have been accepted subject to revision.^ ^ Reprints of several of the 
1 3-7 papers mentioned were transmitted with previous annual reports. ' 

2 One of the papers in press, as well as a new manuscript which is to be 
g 

submitted for publication are included with this report. 

The project director attended the national ACS meeting in Washington, 
9 10 

D.C. during September 1979, and presented two papers. ' He also attended 

the biennial Gordon Conference on Radiation Chemistry, held in Wolfeboro, 

New Hampshire in June 1980. A paper was recently submitted for the combined 

Southeast - Southwest Regional meeting of the American Chemical Society, a 

to be held in New Orleans in December. 

New experimental measurements have been made on three systems which 

have been under investigation for some time: pulse radiolysis of alkyl 

iodide and perflouroalkyl iodide systems; radiation induced reactions 

In I^-CO mixtures; and photochemistry and mass spectrometry of CF^I-CH^I 

systems. DetailJ about this work are presented below. Work on radiolysis 

of Og-propane mixtures is also in progress, but is still in preliminary 

stages. 

There were several major additions to equipment and facilities of 

the laboratory during the past year. Our plans to incorporate our McPherson 

vacuum ultraviolet monochromator in the pulse radiolysis experiment, 

described in the previous renewal proposal, were carried out. Unexpectedly, 

however, we were able to obtain funds from the Department of Chemistry to 

purchase a replacement monochromator for use in our scanning spectrophotometer, 
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Ariother major purchase made with Chemistry Department funds was a Xenon 

Corporation flash lamp system, which will allow performing flash photolysis 

experiments in parallel with pulse radiolysis work. The Chemistry Depart-

ment also funded the purchase of a thermal conductivity bridge control unit 

for gas chromatography, as well as several components for our microcomputer 

system. Several items, including a new phototube housing and a microcomputer 

compatible analog-to-digltal converter board were purchased with Department 

of Energy funds. 
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II. Progress of Experimental Work 

A. Pulse Radiolysis of Simple Alkyl Halides in the Gas Phase 

A target of our research in gas phase pulse radiolysis of olkyl iodide 

over the last several years has been the ability to follow rate processes 
2 2 involving atomic iodine in the P^ excited state and ground state 

resulting from irradiation of these compounds. The excited state proved 

relatively eat-y to follow, since It can be observed in a strong transition 

at 206.2 nm, which is in a reasonably accessible optical region. Preliminary 

work of this type was described in 1978, and good results were being obtained 

by the time of our 1979 annual report.** Details of these measurements 

are included in a paper to be published In the book "Chemists and Computers: 
2 

Now One-on-One" edited by P. Lykos, to be published by John Wiley and Sons. 

The paper emphasizes primarily the details of the microcomputer-based data 

acquisition system, but also describes other aspects of the experimental 

apparatus. A preprint of the paper is included with this report. 2 

Observation of atomic iodine in the P3/2 sround state proved quite 

difficult, since it must be observed at 178.3 nm, well into the vacuum 

ultraviolet. Extended efforts to make observations at this line using a 

flushed Jarrel-Ash monochromator proved futile, as described in the previous 

report. Accordingly, we borrowed the McPherson Model 218 scanning VUV 

monochromator from our absorption spectrometer apparatus, and installed 

lt in the pulse radiolysis system. Several physical arrangements of the 

apparatus were considered or tried, but abandoned for various reasons. 

The arrangement which we have adopted most recently, and which appears 

to be satisfactory, is illustrated in Figure 1. The optical axis from 

the atomic discharge lamp, through the reaction cell, and to the mono-

chromator, follows a straight, horizontal path. The fairly diffuse, broad 

beam from the resonance lamp traverses the reaction cell and impinges on 
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a 2 inch diameter, UV quality quartz lens (focal length 5 Inches) located 

In a vacuum extension housing between the sample cell and the monochromator. 

The extension was necessary in order to move the monochromator far enough 

away from the Febetron to allow positioning of a photomultiplier tube 

housing and the necessary lead shieldxng. 

The photomultiplier tube now employed is an EMI type 9783B, side 

window, Improved 1P28 type. The housing is an RFI shielded type 3150 

obtained from Pacific Precision Instruments (Pacific Photometric). 

A critical aspect of the design concerns the vacuum flange on the 

exit silt of the monochromator. This was designed with a circular, one-

inch diameter projection, to which a Suprasil quartz window is attached 

by epoxy cement. This projection, including the quartz lens, fits into 

the entrance orifice on the Pacific Photometric phototube housing, bringing 

the outside surface of the quartz window within less than 1/16 inch of 

the phototube. By this approach, we are able to dispense with the use 

of a sodium salicylate wavelength shifter on the window, thereby achieving 

excellent intensity. (By our experience, the wavelength shifter has an 

efficiency of only about 30%.) The path length in air is so short that 

atmospheric absorption appears to be of little importance. 

The experimental arrangement described above has several advantages, 

as well as one disadvantage. The biggest advantage is a major improvement 

of light intensity through the system, amounting to nearly 40 times. This 

has allowed meaningful measurements at the 178.3 nm ground state atomic 

iodine line for the first time in a pulse radiolysis experiment. (The line 
12-14 

has been observed previously in flash photolysis work. But even in 

that case, the investigators frequently mentioned experimental difficulties, 

noise problems, etc.) Ability to observe both ground state and excited 

state atomic iodine lines in a pulse radiolysis experiment is of both 
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theoretical and practical interest, since it should facilitate an experimental 

measurement of the branching ratio for the formation of iodine in the two 

states. The latter parameter is important to understanding and optimizing 

the performance of the photochemical iodine laser, which has been considered 

as a candidate for laser fusion experiments due to its potential for high 

output power. There could be considerable advantage to firing such a 

laser using pulsed electron input power rather than light, since actual 

delivering of an impulse of hundreds or even thousands of joules in the 

form of fast electrons may be more feasible than delivering comparable 

power as an appropriate, actinic beam of far UV light. It is true that 

energy deposition rate (i.e., maximum watts as well as joules during the 

pulse) is important in laser action. Fortunately, however, large 

Febetron type machines are available which are advantageous both from the 

viewpoint of total power delivered and pulse duration time. 

There are several difficulties which must be overcome in achieving 
* / 

a reliable measurement of the I /I production ratio, as will be described. 

First is a problem associated with the apparatus design, as shown in 

Figure 1. The present optical arrangement is optimal not only in focusing 

the analyzing light source onto the spectrophotometer slit, but also in 

focusing flourescence light produced during the Febetron pulse. It happens 

that the argon buffer gas produces intense luminescence at the 178 nm line 

(and elsewhere as well as has been investigated by other workers).^ This 

light is sufficiently intense to saturate the phototube in the nanosecond 

time regime; it takes more than 10 microseconds for the phototube to recover 

into a range of linear behavior. The consequences can be seen in Figures 

2 and 3. Figure 2 shows three tracing of Polaroid oscilloscope photographs 

made during pulse experiments. Figure 2A shows a clean, high intensity 

trace of the decay of the 206 nm line for excited atomic iodine. Super-
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imposed are two curves showing behavior of ground state iodine at the 178 nm 

line. The lower of the two curves (B) is taken using the same time base 

(27 microseconds/centimeter) as used for the excited iodine line; it will 

be seen that the signal is almost flat during the observation period 

indicated. The upper curve (C) is taken at 135 microseconds/centimeter, 

and an observable decay can be seen. Depending upon buffer gas and CH^I 

partial pressures, half-lives for decay of the ground state signal are 

in the general range of 10-20 milliseconds. 

Although the general trend of results shown in Figure 2 

is valid, there is definitely a problem in the short time regime. In 

particular, a growth of the ground state iodine signal would be expected 

corresponding to decay of the excited state iodine concentration (27 

microseconds/centimeter data). The reason why this is not seen is shown 

in Figure 3, using data processed through the computer system. Figure 

3A shows a nearly flat graph of ground-state [l*3 concentration versus 

time, taken under conditions similar to Figure 2B. The apparent flatness 

at short times is an artifact: the cause is shown in Figure 3B. At 

short time, the high intensity argon flourescence causes a sharp downward 

spike (overloading the tube and its base circuitry) followed by a rise 

above the baseline, as illustrated. Subtraction of the background signal 

[b] from the total signal [a] gives a net signal [c] which (presumably) 
2 2 illustrates the true growth of iodine F3/2 ^ r o m iodine P^ excited state. 

More work will be required to establish the reliability of this procedure. 

One approach to alleviating the fluorescence-overload problem is construct-

ion of an evacuated optical collimator to fit between the lamp and the reaction cell, 

and replacement of the 2 in. collector lens with a smaller one, nearer to the mono-

chromator slits. Another method would be electrical-blanking of the photomultiplier 

at short times. We will pursue this problem as necessary. 
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The apparatus which was used in the work described above 

involves only a single traverse of the light beam through the reaction 

cell, with an active length of about 2 centimeters through the irradiated 

sample. This is clearly sufficient to produce usable signals for ground 

state and excited state atomic iodine. In fact, a longer path length 

would probably be counterproductive in this case, due to absorption by 

the CF^I or SHLjI substrate (especially at 178 nm). For other types of 

systems, however, a multiple path cell is likely to be very useful. 

Accordingly, we constructed a cell consisting of two plane mirrors, 

displaced slightly from one another in a diagonal direction. Light 

enters the right end of.the back mirror, bounces back and forth seven 

times, and exits to the left of the front mirror. Accordingly, the 

useful path lengths using this cell is the order of 12-1A centimeters. 

The device was tried out briefly, and appears to work well. Its use 

was not pursued, however, because of successful developments in other 

directions, as described above. 
A 

A remaining problem which stands in the way of measuring I /I 
2 

ratios is the lack of information on extinction coefficients of P^ 
2 

and P3/2 atomic iodine, at 206 and 178 nm. In consequence, it is 

difficult to arrive at an unambiguous measurement of the concentrations 

or concentration ratios. Investigators using the flash photolysis 12 1A 
technique have employed indirect calculations, and/or computer modelling. ~ 

We expect that we will be able to do likewise. A knowledge of atomic 

iodine concentration would also be necessary to make an independent 

measurement of the ground state atomic iodine reaction rate constant, 

according to the reactions !• + !• + Ar 

! • + ! • + CH3I 

- I 2 + A r 

— I2+CH3I 3 

(1) 

(2) 



Clearly, the actual concentration of iodine would be needed to 

calculate a third order (or pseudo-second order) rate constant. We have 

some doubts, however, whether either reaction (1) or (2) is the chief 

loss process for ground state iodine. Based on research done by J.M. 

Donovan in this laooratory,^ the overall stoichiometry in gas-phase 

CH^I at low dose rates (Co-60 radiation) is 

2CH3I • CH^ + CH2I2 (3) 

Key reactions may include 

ICH2- + I2 • CH2I2 + I- (4) 

ICH2- + I- • CH2I2 (5) 

as well as reactions (1) and (2). If reactions (4) and (5), or similar 

-^orosses involving CH^* radicals, are important loss processes for iodine 

atoms, then interpretation of the ground state iodine time-concentration 

graph will require computer modelling. 

Our plans for continued development of pulse radiolysis work on 

alkyl iodide and perflouroalkyl iodide systems are summarized in the 

accompanying renewal proposal. 

B. Gamma Radiolysis of the CO-H2 System 

Work described in the 1978 annual report consisted largely of the 

measurement of hydrocarbon products from the H2~CO system, both in the 

gas phase and absorbed on solide surfaces. At the time of the last report, 

we had developed a modified Tesla Coll discharge procedure, which produced 

sufficient yields of oxygen-containing products to allow identification 

using the gas chromatograph-mass spectrometer technique. A number of 

successful runs of this type were completed, generally confirming previous 

identifications. 

At the time of the previous report, we hoped to confirm and extend 

product identifications using the newly acquired Chemistry Department 
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Fourier Transform Infared apparatus. Unfortunately, however, the laboratory 

of Professor Martin Vala (who is in charge of the equipment) was dismantled 

and moved during the year, and it is just now getting back into operation. 

Accordingly, it was not possible to pursue the FTIR experiments. The gas 

chromatography valve oven, which we had planned to utilize in those 

experiments, has now been installed in our new Tracor 550 gas chromatograph. 

Our main plan for worn during the past year in the Hj-CO system 

was the investigation of physical variables such as temperature, pressure, 

composition, etc. We chose to begin this work with an investigation of 

the effect of total pressure in the homogeneous gas phase system, concen-

trating on measurements on the 3:1 l^-CO mixtures. Carrying out this 

work has necessitated construction of a special metal submanifold on the 

vacuum line, to allow preparing samples with pressures in excess of one 

atmosphere. 

Measurements have been made as a function of pressure in the range 

of 250 to 3300 torr for saturated and unsaturated hydrocarbon in the C^ 

to C, range, as shown in Figures 4 to 11. (Analyses were done on a 9 ft. o 
x hi inch silica gel column). Since we have both stainless steel and 

nickel radiolysis vessels available, a separate set of experiments were 

performed in each type of vessel. Two types of trends are obvious in the 

Figures. First, yields of all products drop markedly as system pressure 

is increased; secondly, yields in the nickel vessels are generally in 

excess of yields in the stainless steel vessels. 

The above results seem to require the assumption that the low 

pressure product yields in the i^-CO system are, for the most part, not 

homogeneous gas phase yields, but rather yields of surface reactions — 

directly analogous to the measurements made with intentionally added 

catalytic surfaces. This postulate is strongly enhanced by the second 



-10-

observatlon, clearly evident in Figures 4-11, that most yields from the 

nickel vessels are in excess of yields from the stainless steel vessels. 

These results leave open the question of whether there is a finite 

product yield for the homogeneous gas phase system, or whether the reaction 

only occurs on surfaces. Our present viewpoint is that the homogeneous 

reaction is much less efficient, but not completely negligible. This 

is based on the evidence seen in Figures 4-11, that most yields approach 

plateau values and do not tend toward zero as the pressure is increased. 

Full clarification of this point will require collection of substantially 

more data, including hopefully contributions from other laboratories. We 

will mention in this connection that a report describing some of the work 
18 of the Japanese group has just appeared in print. 

C. Radiolysis, Photolysis, and Mass Spectrometry of CF I-CH-I Gas 
Phase Mixtures 

A paper describing radiolysis work on CF^I-CH^I equimolar mixtures 

was completed last year; a preprint was included with the 1979 annual 

report. That paper was submitted for publication to Radiation Physics 

and Chemistry, and has been accepted subject to revision. In the 

meantime,, however, we have pursued parallel work on the photolysis of 

this system. The latter work showed a substantial yeidls of the product 

CH2I2, which we had anticipated but not specifically identified (at least, 

in substantial yield) in connection with the radiolysis work. Formation 

of this product is to be expected as a result of flourine atom attack 

on the hydrocarbon substrate: 

F- + CHjI • HF + ICH2- (6) 

ICH2- + I2 • CH2I2 + I- (7) 

As a result of identification of this product from the photolysis, 

renewed work was carried out on the radiolysis system, with appropriate 



adjustments to chromatographic conditions. As expected, the product was 

indeed identified in substantial yield. The radiolysis paper is being 

revised to reflect this fact, and will be resubmitted in the near future. 

Work is also currently in progress on investigation of the high 

pressure mass spectrometry of CF^I-CH^I mixtures, using our modified 

Bendix time-of-flight instrument. Good spectra are being obtained for 

this system over a pressure range of about 5-AO tnilliTorr, using both 

the pulsed and continuous modes of ionization. Most of the data taken 

to date was obtained under the continuous mode, since calibration of 

the instrument is much easier under those circumstances. (The computer-

based data acquisition system can be used during ion molecule reaction 

investigations, but caution has to be employed since resolution is low 

md broad, smeared peaks are frequent. In the time delay mode, an 

adjustable period of 0-15 microseconds is allowed to elapse between 

firing of the electron beam ionizing pulse and extraction and analysis 

of the product ions. Since calibration constants are different for 

every different setting of the time delay dial, the mass range has to be 

recalibrated for every new time setting.) 

Ions seen in the CF^I — CH^I mixtures include several species which would 

be expected from previous work of this laboratory on pure CF^I and work of 
19-21 

other laboratories on pure CH^I ion-molecule reactions. Examples 

include (CH3ICH3)+, I 2
+, CF.jI2

+, and (CF3I)2
+, among others. Interestingly, 

the CF3ICF3
+ "ether-structure" ion is present, although we did not find it 

earlier in studies of pure CF3I. (We re-examined the pure system to check 

this point, and were able to see the CF3ICF3
+ ion; it is possible that 

the conditions in our instrument were somewhat different than during the earlier 
work). Observed species which are unique to the mixtures include CF3ICH3

+ and + 
also CF2ICH2 , which requires HF elimination. Work on this system is continuing. 
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D. Effect of added Oxygen on Propane Radiolysis 

We proposed investigation of the propane-oxygen system several years 

ago. Work could not be pursued due to lack of personnel until last year, when 

a new research student joined the group. Mr. A. Gupta has worked as a teaching 

assistant during the 1978-79 and 1979-80 academic years, but was able to begin 

learning techniques of gas phase radiation chemistry last summer. At that time, 

a vacuum line was put into working order anc' gas phase dosimetry was done using 
22 

the ethylene dosimeter. So far this summer, Mr. Gupta has installed a valve 

oven on our new Tracor 550 gas chromatograph, and he is now using the instrument 

to carry out initial studies of the gas phase radiolysis of pure propane. 

We are not able to project rapid progress in this work during the 

coming academic year, since Mr. Gupta will again work as a teaching assistant. 

However, he should be able to work full time on the project beginning in 

the summer of 1981. 
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III. Facilities and Equipment 

Several improvements in facilities of the laboratory during the last 

year relate to the pulse radiolysis experiment. A spare Febetron beam 

tube and a new vacuum ultraviolet monochromator were purchased with 

Chemistry Department funds. Department of Energy funds were used to 

purchase a diffraction grating for use in the monochromator, as well as 

a phototube housing and a general purpose, medium speed analog-to-digital 

converter board for the microcomputer. 

The Chemistry Department also furnished funds for several other 

items. A thermal conductivity bridge was purchased for use with the 

Tracor gas chromatograph which was installed last year. Several items 

were purchased for our laboratory microcomputer systems, including a 

disk drive, a modem, a Selectric based terminal, and some software 

packages. 

A major item purchased with Chemistry funds is a model 457 flash 

lamp system from Xenon Corporation. This unit is capable of delivering 

up to 100 Joules per pulse, with a pulse half-width of 10 to 20 micro-

seconds, and considerable intensity in the middle UV region. It should 

make possible experiments in flash photolysis which parallel our work in 

pulse radiolysis. 

IV. Publications and Meetings Attended 

As this report is written, eight papers are in various stages of the 

publication process. They are enumerated below. 

1. "A Brief Reinvestigation of Gas Phase Ethane Radiolysis," coauthor 

M.D. Scanlon. This paper is in press in Radiation Physics and Chemistry, 

and should appear within the next month. 
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2. "Microcomputer-Based Data Acquisition System for Fast Chemical Kinetics," 

coauthors S.C. Crumpton, M.S. Adler, and J.E. Ramirez. This paper will 

appear as a chapter in the book "Chemists and Computers, Now One-on-One," 

edited by P. Lvkos. The book is now in production by John Wiley and Sons. 

3. "Gas Phase Radiation Chemistry of Hexaflouroethane," coauthor M.D. 

Scanlon. Accepted for publication in the Journal of Flourino Chemistry. 

4. "The Radiation Chemistry of Mixtures of Ethane and Hexaflouroethane in 

the Gas Phase," coauthor M.D. Scanlon. Accepted for publication in 

Radiation Physics and Chemistry. 

5. "Gas Phase Radiolysis of CF^I-CH^I Mixtures," coauthor D. Teclemariam. 

Accepted subject to revision for publication in Radiation Physics and 

Chemistry. 

6. "The Radiation Chemistry of Hexaflouroacetone in the Gas Phase," 

coauthor C. Chang. Accepted subject to revision for publication in 

Radiation Physics and Chemistry. 

7. "Mass Spectrometric Studies of Ion-Molecule Reactions in Hexaflouroacetone," 

coauthor C. Chang. Accepted subject to revision for publication in the 

Journal of Flourine Chemistry. 

8. "Interactive Calculation of the Unimolecular Rate Constant Fall-Off 

Using the Quantum RRK Equation," R.J. Hanrahan sole author. This paper 

will be submitted for publication in the near future, probably to 

International Journal of Chemical Kinetics. 

Preprints of all of the above manuscripts have been submitted with 

previous reports, except for items (2) and (8) on the list. Copies of 

those papers are attached to this report. 

The project director attended the American Chemical Society National 

Meeting in Washington, D.C. last September, and presented two papers dealing 

with our pulse radiolysis work. The paper "Microcomputer-Based Data 
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Acquisicion System for Fast Chemical Kinetics" was presented in a symposium 
9 

held by the division of Computers in Chemistry. The paper "Gas Phase Pulse 

Radiolysis of Methyl Iodide" included in a poster session in the Division 

of Physical Chemistry.*® 

The Project Director gave an invited seminar on "Gas Phase Radiation 

Chemistry of Flourocarbon-Hydrocarbon Mixtures" at Ohio State University 

in March, and attended the Gordon Conference on Radiation Chemistry in 

June. The paper describing computer calculations of the unimolecular 

rate constant pressure fall-off using the RRK quantum equation will be 

presented in the combined Southeast - Southwest American Chemical Society 

Regional Meeting to be held in New Orleans in December. An abstract of 

that paper is not included as such, since it is identical to the abstract g 
of the paper prepared i:or publication. 
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Fig. 2. Pulse radiolysis of 0.4 torr methyl iodide and 100 
torr argon. Curve A shows iodine excited state at 206 nm 
and curves 8 and C show iodine ground state at 178 nm. 
Curve A: 27 microsec/cm and 1 volt full scale. 
Curves B and C: 123 microsec/cm and 1 volt full scale. 

+ + 1 ,— v 1 1 1 1 \ ) 1 1 

»let 10 micro-seconds pe?r X division 
0.1563 volts per Y division ( 2 volts f - p ) 

Fig. 3A. Computer-output graph of ground state iodine, 
measured at 178 nm. Conditions similar to curve 2B. 
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« 1 •{• { > :• —+-

Scslei 10 fcicro-iieconcts per X division 
0.1563 volts per Y division < 2 volts P - P ) 

Fig. 3B. Computer-output graph showing fluorescence-overload 
signal at 178 nm. Conditions similar to curve 3A. 

TTrrr--*-̂ —» » * 

Scale I 10 Micro-seconds per X division 
0*1563 volts per Y division ( 2 volts P - P ) 

Fig. 3C. Subtraction of overload signal (3B) from total signal 
(3A) using computer. Net curve shows corrected [i'] versus time. 
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Fig. 5. 48 Hr. Irradiation of 3:1 H2:C0 Mixtures 
+ « i-Butane (Ni) 0 = n-Butane (Ni) 
x • i-Butane (SS) • • n-Butane (SS) 
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48 Hr. Irradiation of 3:1 H2:C0 Mixtures 
Ethylene (Ni) 0 = Propylene (Ni) 
Ethylene (SS) • = Propylene (SS) 
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. 48 Hr. Irradiation of 3:1 H2*.C0 mixtures 
2-Methylbutane (Ni) 0 - n-Propane (Ni) 
2-Methylbutane (SS) • = n=Propane (SS) 



_2 Pressure (Torr) x 10 

Fig. 8 48 Hr. Irradiation of 3:1 H2:C0 Mixtures 
+ • Butenes (Ni) 0 = Branched Hexane Isomers (Ni) 
x » Butenes (SS) t • Branched Hexane Isomers (SS) 

Fig. 9. 48 Hr. Irradiation of 3:1 H2:CO Mixtures 
+ - n-Hexane (Ni) 0 « 1-Pentene (Ni) 
x + n-Hexane (SS) • » 1-Pentene (SS) 
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Fig. 10. 48 Hr. Irradiation of 3:1 H2:C0 Mixtures 
+ • cis and trans-2-Pentene (Ni) 0 = Hexene Isomer (Ni) 
x » cis and trans-2-Pentene (SS) • = Hexene isomer (SS) 
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Fig. 11. 48 Hr. Irradiation of 3:1 H2'.C0 Mixtures 
+ and 0 • Hexene Isomers (Ni) 
x and t • Hexene Isomers (SS) 
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