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PREFACE

The fellowing is a report of the work complated during the period February
1>, 1970 to February 14, 19%71. Thege ptudies were supported by the 1. 5. Atomic
Energy Commiseion, Divieion of Researech, Contract No. AT(il=1}=1617, the Depart-
ment of Chemiatry of the niverzity of Nebraska, and the Universitcy Research
Council., Most of the material for this report has basn accepted, submitted, or
will be zubmitted for journal publication. Becaose of the U, 5. Atomlc Energy
Commission's depositary library system and the facilities of the Tachnicai Infor=
mation Service at Dak Ridpe, it is possible to make avallghle through a progress
report the extensive original data only Iswrmurized in jourmal pubiicacions and
results of unsuccessful experiments. [t ia hoped that this report will be of

added value to workers in the fileld.
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I. FACILITIES

Triga Mark II Reactor

A1l enutron irradiations were made in the Triga Mark II "swimming pool"
nuclear reactor at the Vearersn's Administration Hospotal st Omsha, Nebraska.
A flux of 1 x 10" thermal neutrrons cm.-z IEC.-l was present at an operating
power of 15.5 kilowattas. WVarfious positicos in the "lazy sussn" sample holder
were employed and the assembly was rotated to ansure that all aamples received
the same naytron flux and radiation dosa. In very short irrediations the as-
sembly waid uoft rotated, but samplea were all Lfrradiated in the same posicion.
The radlation dose was approximately 3 x 10° e.v.g. © min.”l using Fricke
dosimetry. This was confirméd by atudying the 1311 organic uptake in cﬂﬂﬁﬁlz,
due to radlaticn.

This past year the reactor operated routinely for at least four eight-
hour days a weesk at 15.5 kllowatts. The radiochemlatry group has used for the
period from August 1, 1968 to July 31, 1969, 300 hours (Integrated tcime in

regctor) at 1%.5 kilowatcts power making 2,500 irradiations.

Radiochemistry Laboratory

4ll sample preparation end most of the radiocasaaying were performed in a
wvell-equipped, specially~designed radiochemlstry laboratery in the new Hamilton
Hall chemdscyy building. The twe hot laboratoriea containa four six Ioot
"0ak Ridge-Type" hoods, several radloactive waste sinks, radiation safety
equipment, seven separate vacuum lines for preparing gas, liguld and sclid
state systems, and the usual laboratory facllitiea. The counting toom la egquip-~

ped with twe radiogas chromatographs, three single—channel analyzears with gevy-



eral 2" x 2" Ma] crystals, four GM counting stations, four gas—flow counters,
and a Nuclear-Data 128-Channel ansalygzer wich a 3" x 3" Nal crystal aspecially
housed in & concrete, cadium and lead cave,

If and when we get a neuirom generater we have a speclally-constructed
roonw for 1ts housing., This room is presently vsed for equipment atorage.

For most of cur ﬂﬂn:, 3361 and 1231 experiments, we used the radio-
chemistry facilities and radicassaying equipment of the Omzha VA Hospital.
The use of their RIDL 400-channel analyzer with 3" x 3" Nal crystal was most

helpful in many of owr studieq,



IT. INSTRUMENTATION

Badiogas Chromatocgraph

The first radiogas chromatograph utilized in this laboratory was con-
structed by Merrigan and Nicholas, This initrial instrument was completely
redesigned and extensively modified during the susmer of 1967, resulting in
improved relisbilicy, sensitivity, and verpatility of tha chromatogrsph. This
instrument has been in day-to-day uae gince it was placed in operation and
has been usead for all the product distributions determinad reported in this
progress repori.

After a year of extensive ussge, a cricical svaluation of che abowe
instrument's performance suggested a number of improvements or modifications in
che original desipn. On the basis of cthis evaluatinon a new chromatograph was
constructed in order to incorporate cthe suggested qualifications. Figures 1,
2, and 3 show the basic features of thls chromatograph. The helium carrier
gas is obtained from a pressurlzed steel cylinder end passed through a two~
stage pressure regulator, shut—off wvalve, atream splitter, flow-meters, conscant
flow controllers, bulblet breaker and/or pre=heated injection pores, snd inte che
reference and'analytical colums. After separation in the analytical cclum,
the =luted fractions enter the sensing portion of the thermal conductivity
decector, where macroscoplc amounta are detected. The signal from the ehermal
conducklvicy detector 13 routed thra;gh an attenuater to one pen potentlometric
strip chart recorder. After passage through the thermal conductivity cell the
anglytical and reference carrier gas streams are combined for passage through
the radiatien detectors. The radiacion decector is a window-Lype properticonal

flow-counter, housed in a heated =nclosure to prevent condensatfon of the
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products. Trace gquantiries {~ lﬂ_3 g.) of elucted products are detected by
monitoring the beta and/or gamma radiation emlcred,

The signﬁl from the proportional councer i1s divected through z preamp,
amplifier, single-channel analyzer, rateneter, and to a multichanne] analyzer
for digital storage of rhe ontput. The analog output of the count-rate meter
is direcced to the second pen of the strip chart recorder. From the pro-
portional counter the eluted products flow through heated tublng to Iilguid
H2 cold craps, where the radicactive materials are removed from the carrier gas
stream. After passage throupgh che cold craps the carrier gas may be routed to
a fume hood to insure that no radipactive species escape into the laboratory
atmosphere.

The columns are housed in an Insulated temperature controlled oven of a‘
rplenum chamber design. The temperature of the colum oven ls controlled by &
0=-400° C potentiametric temperature controller possessing linear programuing
capablilicies. The thermal conductivity cell, proportional counter, and bulblec
breaker are located in a apparace hzated detecter oven, The locacion of the
derectors in an enclosure chermally lsclated from the colum oven, permlts
varlacion of the column oven temperature without any accompanying thetmal =I-

fects in the varlous detector signals.

farrier Gas Weasursment and Contrel

Figure 4 shows In schematic form, the gas flow-through the instrument.
Gas tank {A) and pressure reduction wvalve (B) furnish the supply of He carrier
gac at a constant pressure of 50 pslg. The carrier gas enters the flow control
panel through shuc-off wvalve {{} and is then eplit inte (woe streams for entrance

into che flow meters (F & 5). The flow-meters are Brocks Sho-Rate "150"



Purgemeters with direct reading scales, having a + 17 full acale accuracy for
He at 50 psilg and 25°(, These maters are protected from particulate contaminants
by Brosks Model 1390 filters (D & E)} attached ro the inleta of the individual
metars. After pasmage through the flow-meters the caryier bas atreams pass
through two Brooks ELF Flow Bate Controllers (H & I}. Thes& controllers pro-
vide valves for the contyocl of the individual carrler gas flow rates and,
after an inicial flow rate haa been r.lel,'.,,l m:ttnrm.at.:l.cally compentate for any im-
crease In dowmstream pressurs such as would be encouttéred in temperature
programming. Individual {0-60 paig) pressure gauges {J & K) menitor the
dovnetream pressures and arve located between the flow conetrcllers and the
carrier gas exite from the control panel.

Aftey exiting from the control panel the carrviar gas atréams are routed
to tha oven asgesbly. Here ane stream enters a bulblet bregker assembily {1},
houged in tha detector oven and proceeds to inlet of 8 separately heated in-
jection port (M). The othar carrier gaz atream proceeds diracely to the inlet
of a marching injection poret (N). The sarrier bas streams then pass through
interchangeable refarence and analytical eclumna (0 & P} located in the colum
oven. From there tha carrier bases enter the detectdsr oven and pasa through
the thetmal coenduetivity cell (Q) and are escombined for passage through the
radiation detestor {(R). After wuxiting from the radiation detector (and tha
detector oven) the carrier gas is roured threugh & saries of two liquid H2
cold trspe (5 & T) and then exited inets the atmssphare.

All tubing and tubing ficeings used prior to the encrance of the carrier
gas into the varicus injection ports were of copper construction. Similsrily
gll materials that would be contact with the sample gases were constructad of

ttainless ateel, teflon, or glasa. The ume of direct reading flow metera
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greatly simplifies the determination of the carrier bas flow rates through
the colums aud the radiation derector. The inclusion of the comstant flow
controllers permits the auromsaric maintensnce of the inirial flow rate over
a3 downstream pressure variation of 0=40 psig to within + 0.3% of the instan-
taneoys rate. Thus providing the convenient and accurate flow control es-
sential in radicgas chromatography due to the direct dependence of the hot
product peak intensities on the rate of passage of the sample gasss through

the detector.

Injectors

Twoe different types of sanple introductlon techniques are employed.
Frovision for the introduction of liquid samples is provided via two heaced
injection ports {Fig. 5}, and quartz encapsulated paseous systems are lntro-
duced directly into the carrier gas stream with & bulblet breaker {Flg. &).

Measured quantitles of llquld sanmples are intrcduced by syringe through
a silicon rubber septum located in the injection ports. The individusl in-
jection portas were constructed using a bored through Swagelok fittings for
the cutlet connections to the columis and/or separate ingeyta. Thus eilther
flash vaporization or direct on column Injection of the semple is permltced by
the selection of the appropriate colum to Injector comnection and injeetor
temperature. The iniectors are heated by two 50 watt cartridge heaters and
the temperature controllad by a Weathermeasupe Corporation Model TPC-H
potentiometric temperature comtyolley with am accuracy of + 0.5% of the set
peine. A large brass heat sink is used te minlmize rapid temperature fluctuation

in the injectors and to simultansously provide a heat source for preheating
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the carrier gas bafore entrance into the injectors. This is necessary
ta prevent condensation of the sample.

The capabjility of directly introducing gasssus samples, incapsulated in
~ 10 ml. quartz ampeules, inte the carrier gas stream iz provided by the
gpecially constructed bulblet breakey showm in Fig., 6. In addicion to the
bulblet breaker itgelf a 1/4 in, dia. by 5 in. ramovabla stainlass steel
pra=colum ig located betwean the bulhlei housing (Teflon) and the cutlet of
the assembly. This pre-column is packed with fine mesh potassium ferracyanide
which removes inorganic halogens from the sample prior to entrance inte the
analytical colum; thuz, preventing internal contamination of the }nstrument
by the reactive Inorpanic productz. The bulblet breaker assembly is housed
in the detector oven, therabhy, aliminating the necessity of providing separate

heating and temperature conkrol.

Colums

The analytlcal colums, packed with an appropriate suppart and statfaenary
phase, are colled stainlessz steel ar glass twbes 1/4 In. in diameter, 10 fr.
in lengrth, with a spiral diameter of 6 to B in. The dismeter of the spiral
is large enough to prevent loss of separzting power attributable to the longer
path which a gas has to cransverse along the outer wall of che columm. Elther
glass or stalnless steel are used because of their relative Inertnesa toward
halogenated compounds as compared to other commonly used materiala. The
colum inlers and outlets are comnected to the chromatograph by way of 1/4 in.
Swagelok Fittings. When glass colums are used the sralnless steel ferrules

are replaced with teflon ferrules. A3 a resulf of the small sepatrailon between
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the injection ports, the individual colums must be coiled in opposite direc-—
tions, i.a., the lefr colum myst be coiled in such a’manner that its spiral
extends to the left when comnnected and the right c¢olumn such that its spiral
extends to the righe, Filling of the colums was accomplished by applying
suction to the outlet end along with ¥ibration duriug the addition of the

colum packing to the inlet.

Detectors

Two detectors are preszent for the ddentdification and quamtitative treat-
ment of fractions which elate from the column. 4 tharmal conductivity cell
was selected to detect macroscopic amounts of eluents becausa:

1. The measurempents could be raadily monitored w;th simple ingtru-

mentation.

2. The dacector, bacause of 1ts sinmplicity could ke readily installed.

3. The sensitivity is high and adjustable.

4, The detector is sensirive to nearly all gases,.

5. The wide operating temparaturs range of the celi.

6. The signal is linearly proportional to the concentration of the

components eluting from the analytrical column,
Since the thermal conductivity cell measuras the presence of a componant by
a physical means, i.e., thermal conductivity, the sample was not destroyed
and could be recovered for subgsequent meagsurament of the component pogsessing
8 radicactlve label.
The putlets of the individual colums are directed into the respecrive

wiring and reference Iinlete of the theymal conductivity detector. The



15

detactor uged 1s a Model 10-285, supplied by Gow-Mac, and consists of a
atainlegs steal block wich two matched getg of 48 ohm gold plated tungoten
filiments, oneé set each for the reference and-sensing portions of the bridge.
A5 a result of the gold plating on the twungsten flliments of this detactor
the filiments are ingsensitive to alr oxldation when hot. This permits
continuous operation when aexposed to alp, as can easily occcour when using

the bulblet breaker, thereby eliminating a serious source of insrrument down
time. Because the sensing and reference portions of the bridge are identical
in all respects they may be readily interchanged; thus, in 8 dusl column
instrument eicher column may be used for the reference column simply by
reversing the polarity of the bridge output. This provision has been in-
cluded as shown in the complete thermal conductivity cilrcultry diagram

(Fig. 7).

In this researxch, the thermal conductlviry dececror was used only for
qualicarive decerminations of compounds so callbration of the deteceor opur-
put as a function of sample composicion and operating conditlons was 1ignored.

After pessage through the thermal conductivity cell the reference and
sensing carrler gas streams are recombined just prior te entrance into the
radiastion detecror. Thus, fraetions eluced from eirhey columm pass through
the detector, again permitcing eicher column ¢o be employed in the analycical
colum for the guancitcative and quaiitative assay of the radicactively labeled
products eluted.

The radlatlon detector is a cylindrical window flow~through proportional
coumter. The basic dasign of this councer and a2 number of ics characteristics

have been previously reported by Helch, et. Elﬁl The design and dimensions
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of our counter are shown in Flgs. B, 9 and 10. The design of the counter

incorporates a nuwber of modlfications In the original, such that the

counter may be placed in a heated enclosure and ko improve its operation

with the labeled halogen compound obtained in this research.

The principle modifications are as follmm:

1.

The countar was constructed se thar it could be complacaly dis=
assembled from one end, thus permicting easy access for repairs,
when mounted in its oven enclosuare,

A ramovable center support rod wvas emplovaed in rhe window inserk,
thereby, permiteing the window insert inlets and outlets o be
modified in such a manner ag to minimize any pessible intermal
dead epace in the flow assembly.

Mse of stainless sceel or titanium for comstruction of all com-
ponenrks that are in contact with the sample because of thelr re-
lative ine¢tness to high temperatures and halogenated compounds.
8ix equally spaced (60" apart) high wolrage (0.0035 in rungsten
wire) anodes, supparted by Teflen insulators, were used to provide
a miform electrostatic field around the window containing the

azmple gases,

The previously reportedl maximum operatcing temperature of the origlnal

desipgn was 150°C. Since many of the posgible praducts of systems under

investigation by this laboratory have bolling points higher chan 160°C,

several of the modificacions on thée original design, were implemented

in an effort to increase the maximum operating temperacure of the counter.

Thers are¢ two reptrictions placed on the maximum operating Cemperature
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of cthis type of cownter, The firat being the upper temperature Limits of
the materials uwsed in the construction of the cownter. This wounld ba ap=-
proximately 250°C due to the use of Teflon for the construction of gaveral
of the coumter components. However, this phyaical temperature limltation
can be readily increased by replacing the Teflon componenta with components
constructed from materials poseessing highar thermal stabilfities such as a
caramic.

The second cemperature limftation ia imposed by maximum temperatbura
at which a usable plateay may s&till be achievad. Thesuazble plateay langth
decreases with increasing temperature of the coonter as shown im Fig. 12.
This 1s a result of increasing ease of lonlzation of the counting gas mix-
ture (90% Ar + 10% CHﬁ) with increasing temperature, thus ehifting the platean
to a lower woltage range and dacreasing fta length., Once the temperature has
reached a certain pointc the length of cthe woltage plateau will decr=ase to
zero, theraby restricting the counter to operation below this temperatura.

Al chough the counter may be operated at temperatures in excess of thils limit
by using a voliage in the sharply rising region prior to the onset of the
plateau, the resulting accuracy weuld be poor because of large changes in
sensitivity caused by small volrtage fluctuations in the power Bupply.

For a cylindrical counter the largest wvoltage gradlent exlsts in the
vicinlty of the anode wires and is a functlon of E-r. where r la the radiua
of the ancde wire. Thus by using a larger diameter anode wire (3.5 mil.) and
increasing the applied voltage the weltage gradient hetween the cachode
{outer body) and che anodes would be reduced, This should result in a
corresponding decrease In the sensicivity of the plateau reglom to the tem-

perature of the counting gae.
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Uaing the 3.5 ml. tunpsten anode wires the voltags plateaus as a

lg?cs source located

function of temperature were deteérmined using a 5 mCi
in the center of the countér and a mixture of 20X argon and 10X mechans, at

a £low rate of 10 ml. per minute, as the counting gas. Asx ahown in Fig, L4

the plateau narrows from - 650 wolta at 28° C to - 550 volts at a tem

perature of 155" C. Using the plateau veltage valuee gfven abave, the de-
crease in the langth of the veltage plateau sich increasing temperatute was
foumd to be .8 volte per degree C. This would give an extrapolated maxi-

mum oparating temperature of approximately 650° C for the proportional coun-—
ter. Howaver, as discussed pravicusly, the prasent oparation of the counter

ls limiced o Z50° C by the Teflon construction material.

In the operatien of an earlier model counter, which contained a wiagdow
ingert ildentlical in deaign to tha nriginnl; problems with falae efficiencicn
and combtamination ar stieking, srith labelad halogen campounds pasgaaasing
detected activitiez in excegs of 10,000 counte per min., were encountared,
This resulted in failure of the deteactor sipnal to return to rhe baseline aftar
the illusion of the cowmponent pessezszing a high activicy.

in an affort to determine the cause of this problem the countér was
deliberately contaminated by introducing large quantities of 82Er labeled
arganic bromldes. The windew insert was then dismantled and the individual
components inspected for contamination. It was found that the stailnless stesl
window, window support surfaces, and (to a greater extent) the exposed epoxy
uged to form and attach the window were contaminated. Howewer, the degree of
contamination of these surfaces was small in comparison te thar cbeerved

[
during operation of the counter.

1,2

Examination of the design and of this window inserc showed the existancae
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of a small dead volume {~ 1-2 ml.) between the entrsance and/or exic gas

ports and the window to insert seal. The trapping of a portion of the activicy
being detected in this dead wolume would accomt for the appearance of con-
tanination when high specific activity compounds are pasaed through the
counter.

The counter contamination was observed o decrease at a rate independent
of the half-life of the isctope responsible. This gbaervation woul§ Bupport
the contention that the principle cause of the obaerved "aticking" ln the
counter resulted from the trapping of a portion of cthe compound in these dead
volumes rather than actual ceontamination of the counter surfacea. This could
zlso contribute to the false sfficiencies observed by Welch, et. ﬁl,l, in this
type of counter.

In an effort to correct these difflculties 2 new windew insert (Flg. %)
was dezigned. By elimination of the cowmter suppoert rod, which ia ununecegasary
ciice the window insert is in place, the smount of estalnless steel surface ex-
poséd to the sample gases for poassible contamination was reduced. In addition,
a glight improvement in tha counting geometry was obtalned.

The elimination of the center support rod zlso permitted an improved
inlat and outlet design, which minindzes oy elininaztes any dead volune as-
saclated with the deteccion volume in the earlier design, thus eliminating the
auspected major source of contamination.

& new 0.5 mil, titanium window was used in this counter in place of the
1.0 mil. stelnless etéel window used previcusly, thereby, &liminating all ax-
posed stainless steel surfaces in the counting volume. This window material
was found to be more inert to organlec halides than the previously used stain-

lass steel and, in addition, the smaller attenuation coeifielenc, for the
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B=radiation detected, of this thinner snd lowar Z material window resulted
in a two-fold increase in the detectlon sensitivicy of the counter.

The use of high temperature silicon O-ringe te seal the windew to the
insert (tested and found to form a gas fight seal of the thin window material
to the stalnless steel surfaces) eliminates the major portion of the epory
suTface on the inside of the window. The only remaining epoxy {Good year
Plinbond HT-30) used in the constructicn of the window Iinsert was that used
te form the thin citanium foil inte a cylinder. Other jeoining the adges of
the foll togather to form the eylinder and allewlng the adhesive to partially
set, the interlor of the cylinder was carefully cleaned with echyl acsatace
solvent to remocve any excess zdhesive., Thus, the wmaximum surface area of
exposed epoxy in thea windew zesembly consisted of a very thin line {<0.05 in.)
the length of the ecylinder. Subsequent operation of the eounter has shoawm
these measures to he guccegsful in eliminacing or greatly reducing the con-
tamination problems previcusly enccuatered with the earlier deaign.

The relative sensitivity of the propertioensl counter as compared to the
Hal(Tl) acintfllation well employed previoualy in the laboratory was dater-
mined for a number of halogen isotcpes. The results are shown in Table I.

Az shown the relacive senaltivities for the various lsotopes differ greatly

due to thelr dissimilar modes of decay; l.&. the ratio of theé average number
Y-photons emitted to the number of B™ particles {ome) in & aingle decay. Sinca
the proportional counter fa relatively Insensitive toy-radiation (v 1% efficient)
and clese to 100% efficient for the detection of the B =radiation tha sensitivity
af the Wolf counter would not be expected to vary appraciably for the various
isotopas tested. However, the scintillation well 1s insensitive to B~ particlas
and detects incldent y-radiation only {with v 20X efficliency) thus the large

variation found for the relative sansitivity of the two counters can be largely

attributed to the wide variation in the ¥/8” yprenstries (shown in Table I,
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column 5) for the three fsotopes.
One of the most important results from the detarminations of the ralative
sensitiviries iz the congistently hipgher senaitivity of the Wolf counter,

particularly for tha 128

I ispcope of intarest in this research. The greater
counting afficiency, or seneitivity, of the proportional counter over that of
the acintillation well, 1z the cumulative effect of a number of facrora, A
few of the more important ones are: (1) impeovad geometry ( -~ 4my; (2)
inherently ereater atatic efficdency {a maxinum of 5:1); and a larger accive
wvolume (-~ 42 ml.) with s resultant incraase in the flow counting efficiency.
This greatly increased sensitivity has permitted the previously unobtainable
analyses of low activity samples.

The efficiency of the flow=-through proportional counter could be preatiy
improved by eliminacing the window and passing the radloactive pffluent di=-
rectly through the counter, theraby eliminating all attenuatfon of the emitted
B radiation by the window materisl. Howaver, halogen containing compounds
are effective quenching agenta snd preclude radicassay In a windowleas countar.

The heating and temperature contral of the counter is provided by che
detector oven #nclosure in which 1t is housed. The counter 1s shielded from
background radiaticon by wrapping with eipht turns of lfh in. thick sheet lead.
The cperating high voltage is supplied by a NIM Canberra Maodel 3002 high vol-
tage power supply. Signal detection and amplification 1s provided by Canberra
todels 1406 preamplifier and 816 awmplifier, reepectively. It was necessary
to add a apecial diode protection network to the Input FET transister on the
Model 1406 preamplifier in corder to prevent destruction of the transister by
che input signals from the councer, After amplification the aignal was routed

to a Canberra Model 1431 single channel enalyzer which was used to provide
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Comparison of the Relative Senpltivicles of the Wolf

and NaI{T1) Well Caunters Eor

B2

1, Bx, and

12g

1

Activity Detected (C/M) -
Wolf Hal{Tl) Well Ralative Belative v/B
Isotope Countey Counter Sensiltiviky Intensity Ratio
B2
Br 20527 4718 4.4 314
SBCI 23952 9713 5.0 85
128, 28143 141 200.0 16
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diserimination against low level instrument nolse, The SCA cutput wasz dividad
by a BNC "tee” connecter and routed to a MecTronics Model 773 103/linear
ratemeter and a Nuclear Data MND-110 EZE channel analyzer. The output of

the ratemeter 18 connected te one pen of a Dobrmann Ingtruments Model DC-120
dual pen strip chart recorder from which a permmment analeg record of the
counter sutput {s obtained, The 128 channal analyzer is operated in the
tulti~sealing mode with a 10 sec. dwell time, thus the digital record of the
counter gutput, over a tlme pertod of 1280 sec. in 13 gze. anraman;s, is

obtalned from integration of product peak areas. A4 black diagram of the GC

radlation detectlion system is shown in Figuras B.

Collection Devices

After gaseous fractions flow out of the counter, thay ate trapped in two
tatdem cold trapz at -196" C., Radloactive compounda enter the top of the
trap and ape condensed on tha zidas. Stopeocks are arranged to permit removal
of one trap while passing the effluent through the other, or, tc pass the
effluent through both traps in aeries. Over 98% of the radiaactive compounds
wvere showm axperimentally to be trapped in the first cold trap. Even greater
percentages were trapped when small amounta of glass wool are placed in the
path of the earrier gas through the trap, After passage through the traps the
carrier gas ig expelled into the room or channeled to a fume hood where 1t 1s
dischzrged {f there 1g a possibilicy that all dangerous guantitiss of radio-

activity were not removed by the cold traps.

Oven Enclosure

The main oven encloaurs conslsts aof a 21 in. wide by 20 3/4 in. high by
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la 3/8 in. deep box with the front enclosed by g removgbla 1 3/8 in. thick
panel housing the injectors and column oven accese door, The maln enclosure
and front panel were constructed by attaching 3/8 in, thick high density
athestos boerd insulation to the inside of a 1 in. x 1 in. sngle iron frama.
Further insulation was provided by completely covering the exterior with al
inch thicknesse of fiberglas. After jdstallation of sll components the entire
exterior Was coveraed in with sheet metal. The interior of the insulated en-
closure was then divided into two thermally isclated compertménts {(detector
and column ovens) with provision for independevt temperature comtrel. Thea
theyrmal barrier uwged to igolate the geparate oven enclosures conglgted of two
3/8 in. thick sheets of asbestos board with 2 1 3/4 ip, space, filled with
fibergles, between the asbestos sheets. The larger of the two compartments
10" x 15" x 1B") wag wged for the column oven and the smaller (5 172" x 15" x
18"} for the detecror oven. A frontel view of the oven with the front panel
and sheer matal colum housing removed showing the location of saveral of the
interiorly located components of the inestrument 1is presented in Figure 14.
The front panel is shown in Figure 15.

The column oven iz a plenum chamber design as shown in Figure 16.
This design was emploved to insure uniform ailr velocity and has heen rEpnrtedi
wa provide a more wniform colum temperature with a substantial reduction in
column thermel gradients during temperature programming than other commonly
emplayed oven deaigns. A three Inch aquirral cage blower deliwvers air at
high velocity to the plenum chember, seperated from the column comperiment by a
perforated metal sheet. The high velacicty of the alr and the flew resistence
offered by the perforated sheet create a unfiform pressure across the surface

of the perforated sheet., Thig in tum promotes uniformity of sir veloclty
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over the entire crosgs section of rhe colump compartment, minimizing temperature
gradiente on the ¢olumn. 4 perforated shest 1s also provided ac the exit end
of the ecolumn comparrment to maintain nearly parallsl lines of alr flow through
the column compartment.

Thin gauge stainless steel ceonstructlon of the column tompartment, low
nass open wire heaters (two BOD watt, 110 v.), and a high velocity alr ecir-
culacion system permit rapid heating and cooling. Manually operated intake
and exhaust dampers enhance the rate ef cooling, and may be readily adapted
to automatic contrel. Column temperature equilibrium ie quickly achieved
after cooling because the dampers parmit the front preseure of the bath teo
remain closed during the cooling phase.

In addition to its superior temperatures characteristice, this design
alse provides conveniencs of wee. The 12 in. x 12 in. x 10 in. oven can ’
accommodate more than 50 ft. of 1/4 in. o.d. tubing. Column diamaters may
be as iarge as 9 in. with only one sharp bend requivred. Convenlent acceas-
ibiliry to the column compariment is provided by a 9 in. x 9 in. loged door
on the front panel of the oven enclosure, with a compressible silicon rubber
pasket on its inner surface to prevent legkepe of the air.

Heat ig supplied by two BOO waet, 100 volt A.C. open wire heatars wired
in parallel. Individval gain (voltage) control 1g provided for each heater
by a pair of General Electric Model $100(5 triac controllers. It 1a, there—
fore, posgible to wvary the heater powar continuoualy from zero to a maximum
of 1600 watte. The use of individusl criacs waa required in order to pravent
damage to the controllers by excaasive (» 16 amp) current requirementa at full
power.

The detector oven is simply a tightly c¢losed, thermally Insulated box
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with heat supplied by one §00 watt open wire hester. Frovision for gain
control of this heater was provided din a mannery analogous to that described
above. A simplified wiring diagram of the oven heater circultry 1s presented
In Figure 17. Thi® clrcult (four in all) was used in all heaters in che

Instrument.

Temperature Contral and Measurement

Temparature control of the three individually heated areas (column
decector oven, and injecticn ports) was provided for by three Weather Measure
Mcdel TPC-I, type J potentiometric temperature centrellexrs. The temperature set
point was via a calibracted direct reading dial, spanning a 0-400° ¢ temperature
range with an accuracy nf_t_ﬂ.iﬁ of the =&t point. Temperature sensing was
performed by I[ron—-Constantan thermoccouples with autowmatlc cold junctlon com—
pensation provided by the controller. The contacts in the thermally located
relay of the temperatutre contreller were sapable of handling & maxfnum current
of ¥.3 amps. since the cwe sets of oven heaters could exceed thils amperage
the contreller relays for the detector and column ovens were used to operate
heavietr relays, which controlled the oven heater loads.

Provision for linear temperature programming the column cven was provided
by introducing a linearily decreasing negative voltage into the positive thermo-
couple input of the temperature contreller, & -10 te 0 v. D,C. voltage Tamp
was abtained from a Canberra Model 833 Baseline Sweep, associated with our
nuclzar counting instrumentation. The clrculcry uvsed in the construcclon of
this programmer is shown in Fig. 20. The -10 to 0 v. output sweep of the MHedel
B33 was reduced to a -51 to 0 mv. range by means of a voltage divider. The

upper limit of the sweep range may be established at any value betwesn zero and
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51 mv by the ten-turo potentiameter incorporated in the voltage divider. This
is Aufficient to provide equivalent temperature ranges from 0 to grester than
400° C. This increasing (approaching zero from the negative dirsctiom)
voltage range was then introduced into the positive thermocouple input as a
leaking voltage sz shown in Fig. 18.

Operation of the programmer is tontrolled by an in-out switch, the ten
turn ranga control, the sweep time setting of the baseline sweep, and the
set point of the temperatura controlier. First tha starting temperature of
the column oven is established with the temperature controllar. Then the
heatere are momentarily switched off and the sweep 15 swicched in and adjusted
to provide the maximam {-10 v} output ta the input of the voltage divider.
The upper temperature limic of che program ie chan established by setting the
temparature contrsnller ar the desired temperature. The range control 1s then
adjusted in such a manner that tha controllar is maintaining the previocusly
establighed initial temperature while set for the upper temperatura limit of
the program. This is determined by a zero reading on the deviation indicator
of the temperature controller. The heaters are then switched back on. As the
entire procedure outlined above can be performed in less than 15 sec., littla
or no deviation from the initial set point temperature will have gecurred. The
column oven may then be operated for an indefinite length of time at the initizl
temperacure setting. The program may be initiated at anytime, with its pre-
vionsly established upper and lower limits, by turning the range sacting of
the baseline sweep to zero and pressing the start burton., The sweep rate is
getzbliched by the sweep time control on the baseline sweep. Presently total
gweep times of 1, 3, 10, and 30 minutes are provided for by the sweep time control.

Howeyar, a large number of othar times may be readiiy cbtained by chapging the
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values of the resisters in the voltage Llnput to¢ the clock in the Medel 8323
EWeep.

Direct temperature readout of the variPus points of interest is pro-
vided for by an Assembly Products, Inme., API, 0-400° C pyroweter. The
pyrometer is calibrated for iron-constantan thermoccuples with an external
resistance of 10 ohms. Adjustment of the thermosouple lead resfsrcances to
10 ohms is accomplishad by placing a one-turn 25 ohm trimpat between the
posiciva input of che prrometer and the thermocoupla, The pyrometer has a
1% full scale accuracy and provides internal cold junction compenasation.

4n eight poasition selector switéh having dual gold plated contaces
was vsad to salact a thermocoupla located at onme of the various points where
temperature maasurement is desived. The column oven, decaccor oven, in-
jection ports, radiation counter, and thermal conduetivity cell are presantly
provided with tempsrature readout, although additionsal lacations may be
readily added, The injection port and detector aven tharmocouples pravide
tanperature gensing for both meaasurement and control. Dus to the additional
cireultry agaociated with the column nvenltemperature control thermocouple a

separate thermocouple 15 provided for measurement.

Chromztographis Analysis

Flution techniquas were used in conjunction with a differential method
of detection of radicactive compounds. An analog display of the differential
response of the radiation amalyzer showad any eluted activity at the instank
af decection and the resultant =signal was displayed on a potentiometric strip

chart racarder as a nearly Gaussian-ghaped elutlon curve. A typiecal chromategram
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1231 regulting from the neutron irradiation of EHSI

¢f products tapged witch
in the presence of l-pentene is shown in Fig. 1%. The broken line represents
the radlation detector signal snd the aclid trace that of the thermal con-
ductivity dececcor. The “cold" iudn*ptndu:ks detected by the T. C. cell were
added to the irradiated sample just prior to analysis to assist in the quali-
tative analysis of the "hot' producta. The smsll diffarence in the recorded
elution times of identical "hoct" and “cold" compounds s a result of the dif-
ferential flow time becween the two detectors. The decrease in resolution
observed for the "hot" peaks over that of the corresponding "cold" peak 13 a
result of the much larger sensltive volume of the radiation detector {(~ 40 ml.).
There ia no baseline drifc In this cempecature programmed run, aince the
detectors were operated at a constant temperature. If the propeortional counter
was improperly heated, some of the labeled products ¢ould adhera to the walls
and Incrcase the background counting rate, which appears to be a baseling
drift. Thia could generally be rectified by increasing the counger temperature.
The number of thecretical plates or '"plate equivalents™ of the column was
derermined by the commenly accepted methor.lBﬂ of measuring the rcatention eime
from the introdastion of the sample, tr, and the width of the peal bage, At.
The number of theorecical plates was glven by the equation; m = lE(trf&t}z.
The colums used had approximately 4100 plate aguivalents. The heipht aquivalent
to theoretical plate (HETP) was cbtained by dividing column length {10 fr.)
by the number of plate aquivalents. Lt was approximately 1.0Z mm. The HETP

genarally decresased slightly with incraasing retention time as gensrally would

be Expected.s
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"hot" products, -—--:; added carrier,

Figure 19. Radiogas Chrowacogram of I28¢ Jabeled organic products obtained in a 0.1 mole X solution
of CHaI in l=-pentene.
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Qualitecive Identification of Radiocompounds

Since the labeled compounds produced by the nuclear activation were in

1ﬂ-13 £.) that théy could enly be detected by virtue

such small gquantities {~
of their radiocactive decay, their qualitative identificatricm had to be deter-
mined by a type of carrier technique. This techoique invelved revexse i%otope
dilution methods in which cold {non~radioactive) carri=r compounds, suspected
to be identical to the labeled compounds produced by the nuclear activation,
were added to the radiocactive sample after removal of the inorganic activity
by an zquecus sulfite extracticon. Thus, in nany lostances, the qualicative
identification could be made on the basis of the colncidencal elwtion and
detection (after correctlen for the time differential between the detectors)
of the lsbeled product with ita corresponding added carrier.

For the iodine-pentene asystems studied in this research there werg no
carriers available for many of the unsaturated alkenyl iodides=, thus, wWhen
pogsibie, estimetes of the identity of the peaks could be mede ou the basis of
the boiling podnt of the compownd. It was found that the alkenyl iodides
having the iodine bonded to an unsaturated carbon would have a 5-15° C lower
boiling point than its saturaced analog and would, therafore, elute before the
saturated lodide on the columne used. However, the slkenyl and alkyl iodides
having the icdine bonded o a saturated cerbon were not saparated.

Several different techniques ware emploved in an effore to saparate f£he
wnsaturseed from the saturated E3 to E5 iodides. The first was the use of o
propylane glycol-silver nitrare (3:1), 5% on Anskrom ABS 50/60 mesh, column

packing. The silver nitrate loaded colums zre well known for the selectivity

towvards unsatursted hydrocsrbone. However, as determined by the analysie of
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l=iodopropasne and 3-iodo=-prepene, this columm would not differentiate berwsen
the saturated and unsaturated lodides,

The work of Young, ec. Eé:ﬁ and Guulsun?. in which merzurie perchlorate
was found to selectively trap alkenmes in a hydrocarbon mixture, suggested a
poseible alternmative. A mercuric perchleraté=treated fire=brick calumn
packing was prepared as described by Ebulann? and added as a 1/4 in. diameter
by 6 in. long column between the analytical columm and the detectors. We
found, howaver, that this macerial removed not only the unsacturated ilodides
but alec a conslderable fraction of their saturated analegs. Thus, making
this packing worthless for our purposes. It was therefore, not possible to
conplecely isclate and ldentify all of the possible products of the reaction
mixcure; theveby, a restricting the analysls of our experimental results to

A certailn extant.

Quantitative Determinations of Radiocompounds

Since the amounts of radicactive products were the only quantitative
tesults desired, variance of the thermal conductlvity caell with'cﬂnductivity
coefficlents, temperature, flow rate, .... did net have to be decermined.

The radiation detectotr alone was the source of the quantitative values cbcailned
in thie study. The chromatogran was recorded by a differencial procedure
employing che proporiional counter and asscclated electronmica, a potentiometric
dual-pern recorder, and a digital integrater. Thus, the area under the re-
sulcant Gausslan type peaks in the couni=rate versus time records was preo-
portionel co the quantiéy of radicactive compound present In the £ffluent gams
atregm (when the flow rate was held constant). Since nuclear decay does not

algnificantly depend upon cemperature, the chromatograph could be temperature
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programned without any quantitative affecta on the resulcs due inherently

to the remperature change. Howaver, the flow rats ;f the carrler gas was
geriously affected by changes of column feqperature, requiring manual cor-
rection during temperature programming ;a.prevent the introduction of errox
in the guantitative resulba as the magnitude of a peak resulting from 2 given
smount of a radicactive compound was dependent on the length of time spent

in the counter.

The detected radiation was the beta-ray emissions of 123[ and 131[. The
efficiency of detection wa5 the same for all compounde and no corrections were
needed in this regard. The 1231 gamma-ray emizslons were sometimes monitored
fer the higher activity samples by a 5> ml. flow—-through glass counting cell
placed in a NaI(T1l) well counter. Becauae of the very mach lower sensiciviey
of thia detector {Table III) this data was seldom usad.

The detector cell geometry was constant during a given run; back-
ground ceunting wag relatively constant, and the flow was maintained atc a
constant rate during the run., The only experimental paramater affecting che
relative magnisudes of the derected peaks was tha radisactive dacay of the re-
latively short-lived (25 min.) 1231. Thug, all peaks were corrected for the
amount of lodine that had decayed prior to detectlon uaing che first peak eluted
as the zare time wmarkey. BSuch corrections were unnacegaary for the longer-

lived (8 day) 131

I preduct analyses. The araa of each peak was detarminad by
summing the total counts {in 10 sec, incremeants from the digital imtegrator)}
under the peak and then subtracting the backgrsund séunts.

The product diatribucions of the iudi?idunl eamplaa were reported ag the

magnitude of the product peak relative to the total of all the organic products

observed. Aasuming all significant quantities of arganic products were detected
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and peasured, then the relatilve product diseributions may be placed on an
absolute basis by comparison with the previcusly determined organic yields of

the respective samples. t
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CHAFTER III. KIRETICS AND MECHANISH OF ICDINE

ADDITION TO VARIOUS PENTENE ISOMERS

Sumrell, 55._51-3, and Skell and Pawlisg have reported that contrary to

0-13

information commonly found in the 11terature1 y lodipne readily adds te

l-pentene and Ca alkenes, respectively. They have reported that in the
presence of a liquid phase and at oxdinary room 1llumination the reaction pro-

ceeds via a wildly ewothermic reaction which goes essentislly to completion:

1

ECH = F + I RCHICHIR'

2

In their study of the addirion-elimination cycle of lodine to ¢is and trane-
2=butenes, Skall and Paulisg proposed a radical chain wechanism, proceeding via
a bridged radical intermediate. The basisz for their hypothesles was the ob-
served photozsccelaration and ;fereuspecific nature of the addition-eliminacion
reactions of iodine wieh the correspondimg 2-bucenes.

Eenson, et. E&,la have reported that the I atom cazalyzed elimination of
iodine from vicinal difodides musec ba a concerted process, proceeding by a
single stap elimination, They furcher coneluded thac If the decomposition re-
actions are concerted processes, then by the principle of microscopic re-
versibility, the addition reactions aleo must be concerted procedses. Howaver,
this mlcroscople revermibility argumént hea been shown to be invalid for
reasons discussed by Burwell and Pautaan.15

This controversy over the sequence of the formatlon ¢f the transtion
atate has been summerized by Noyes, et. 5;,16, wilithout reachivg a conclusien

as to whether or not all préesent observations could be explained without assuming
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the exisctence of bridged radicals, as proposad by Skell and co=workers to

explain their stereochemical dbservatinns.g’ 1719

In order to study the radiative meutron capturs induced reactions of
1231 in the various 05 alkenes, (see Chapter IV} a knowladge of the rate and
mechanism of the thermal reactions of iodine in thase systeme 13 essential.
In viaw of the wcertaincy in the rate and mechanism of the a&dition o f
iodine to various unsatuyated hydrocarbons in the condensed phase, the kinatice
of the addition process to various C5 alkene isomers 1n solucien at 25°C was
investigated in an effort to shed additiensl lighc on the mechaniem of the

treaction,

Einetiec Experimantcs

A radiometric procedure was emploved to follow the addition of iodine to
the varicus pentene isomers studied. The individval kinetic runs were started

by mixing known volumes of tagged lodine 1n CCl, with the pentene of interesc.

&
The veactions were initiated by the ordinary white fluorescent lighting of

the labeoratory. PFrior to the use of 131

I tagged I, in CClh geveral runs were
made by adding tazpgged molecular iodine directly to the liquid alkene te initiace
2 run. However, the digspolution time of the molecular lodine was fourd co
affect the rate data obtained, particularliy during the initial stages of ad-
diticen. Thua, the procedure waa modifled, such chat, the added 12 Was pre—

dissclved in carbon tetrachloride. The small mixing time of the two reaztants

was fowund to yield satlsfactory Tesults.
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Bezction Crder with Respect to Iodine

In additien of iodine to the double bond, in the various CS clefins
studied, proceeds smoothly when the reaction is exposed to ambient ldight at
25°C. Seversl kinetic runs were made in which the iodine concentration was
varied and the initiagl weloclty of the resction as g function of lodine con-
centration was determined. A double-logarithmie plot of the welocity versus
the concentration of the added I2 yielded a etraight line with the alope equal
to the order of the reaction with respect to ilodine, The veaction was found
to be 3/2 order with respect to ilodine.

Sinee all kinetic rins were made with the respective alkene in excass,
the rate of disappearance of lodine with respect to the concentration of

iodine st time t, can ba exprassed by
- kY
dtlzlﬁfﬁg EJIEB 1)

Integration of =quation yields the following exprassion

1/2 /2

172kt = La. - 022 - ant? @

whera‘gp 18 tha inttial concentration of lodine at zers time, Q&’ = x) the
concentration of iodine g time £, and £ the tima in minutes. Rate conatamts,
k, were determined from the slopes of the sitraighe lines obtained by plotting

132vs 1/2t. The daca for a representative run in

the values of 1/(a, - x}
esch of che five pentene lsomers sctudied is presented in Tabla ITI to VI and
summerized in Fig., 20. As demonacrated by the data, deviacion of the reaction
ratea fron equation 2 did not bacome serious until the reactions had pro-
ceeded to 75X completion or greater.

Within a few hours after the start of a reaction an equilibrium was

established. At that point the reaction was 75-99% complete, depending on
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the original concentrations of the reactants and the nature of the alkene,

Thizs obaerved equilibrium could result from &ither or both of the follewing:

20

(1) a truz equilibrium established by the previously demonstrated” icdine

atom catalyzed decomposition of the products, andfor {2) competition for che
unrezcted iodine wia the formatiom of a charge transfer complex ¢f Lodine
with the product, whose effect would be to decrease the concentration of un-
conbined iodine. The well-established photo-ac¢elerated decomposition of

21-23 would suggest that the decomposition of the

various wicinal diiodides
product prédominanely accounts for the chaerved equilibrium.

Although the reactions become complex in their later stages, the kinecies
can bhe studied readily up to at lesst 75% completion, ad demonstrated by tha

data in Fig. 20,



51

TAELE II

Rate of Addition of Iodine toc l-Pentene ar 25° {.‘.a

Organic 1 bs 2
Time Yield {ac-x -1k % 10 L. b
{sec) {%) {moles ~ 1} {min “meles < 1%
30 14,2 28.1 13,8
12¢ 37.0 3z.8 11.3
300 63,1 44,1 12.0
600 82.7 62.6 12.2
900 88.7 77.6 11.5
1200 92.6 96.1 11.%
1800 95.5 122.9 10.8
2700 96,1 13127 7.9
3600 96.7 143.5 6.5
4504 96.3 135.5 4,7
a Concentrations of I, and l-pentene were 1.47 x 1077 M and £.78 M,
respectively.

b Compuced for each point using gquation 2.



52

TABLE IIL

Rate of Addition of Iodine to cis-2-Pentene at 25° C°

Organic 1
Time Yield {au—x)% kx lﬂz
(sec) (2} {muleshl 1) {minﬂl mnle-h 115}h
3G 13.1 3l1.2 14.2
120 27.9 34.3 8.6
300 50.0 4l.2 8.0
&00 57.6 51.2 7at)
00 ¥7.13 Bl.2 7.1
1200 B3.5 71.6 7.0
1800 BG.2 78.5 3.5
2700 90.1 S2.4 4.7
3600 9%.5 396.2 20.4
4300 99.5 400.0 i6.5
39600 99.0 291.2 1.3

a Concentrations of I2 and e¢is-2-pentene were 1,18 x 10-3

H a-'nd E-gg __1:1_;
respactively.

b Computed for each point using equaticom 2.



Rate of Addition ¢f lodine to 2-Hethyil-l-Butene at 25° C

TABLE IV

33

Organic 1
Time Yield {au-x}lli k x 10°
(sec) (%) {males-l 1) (min*l 111«".+1|e:;1_]“t lli]l:II
30 7.1 30.2 7.3
120 25.4 33.7 7.6
300 41.6 38.1 &.40
600 67.9 4.5 7.4
900 77.0 60,8 7.0
1200 83.7 72.1 7.2
1800 BE8.0 83.% 6.1
2700 88.5 B5.9 4.2
3600 87.9 81,7 3.0
4500 Bg.8 B6.8 2.6

a

b

Concentrations of I2

8.92 M, respectively.

Computed for =ach point using equation 2.

and 2-methyl-l-butene were 1,18 x 10

3 ¥ and
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TABLE ¥

Rate of Addicion of Iodine to 2-Methyl-Z2-Butepne at 25% c?

Organic 1
Time Yield l.',asﬂ,—:.-i:}].i k x 102
(sec) {%) (moles T 1) (min ! moles™¥ 1HP

a0 4,2 29.7 4.2
120 1.2 30,7 2.8
oo 21.2 2.8 2.5
600 30.3 ar.4 2.8
&0 5.7 42.8 2.8
1200 59.0 45.5 2.7
1300 7.0 53.0 2.7
2700 79.3 64.0 2.6
3500 82.0 &B.7 2.2
4500 B&.8 74.3 2.0
5400 85.5% 1.5 1.8
86400 82.4 9.4 0.1

3

a Concentrations of iodine and 2-methyl-Z-butene were 1.18 x 10~ M

and 2.08 M, reapeckively.

b Computed for e=ach point using equation 2.



Rata of Addition of lodine to trans-2-Fentene at 25° &

TAELE VI

35

a

Organic 1
Time Yield q‘.:au.-x].llli k x 102
fsec) (%) (mules-l 1) (min-l mnlesua 1%}b
L3 6.5 6.8 5.0

120 13.6 28,0 3.3

300 20,4 29.2 2,1

600 14.9 3z2.3 2.1

400 7.1 25.9 2.2

1200 53.3 38.1 2.0

1800 63.5 43,2 1.9

2700 74.9 52.0 1.9

26E0 74,9 36.8 1.7

46380 gl.8 6l.1 1.5

5400 84.8 66.8 L.5

7200 86.5 70.8 1.2

9000 B4.4 66.1 .4
10800 88.5 76.9 .9
93600 84.3 65.8 -1
a Concentraticns of lodine and trans-2-pentene were 1.18 x lﬂ_3 M and

9.02 M, reapectively.

b LComputed for each point ueing equarion 2,
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Figura 20. Rate curves for the addition of flodine to olefins as a fune-
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The reaction between the labeled lodine and l=pentens was studied as
a function of the initial econcentrations of iaodine sndfor l=pentene. The re-
sults of rhe individual runs are summarized in Table ¥II. The Z/3 dependence
of the reactien rate on the indine concentrationa 1s demonstrated by the re-

sulecs of runs 1=5.

Reaction Order with Respect to the alkene. TIf tha reaction was firsc

order in l-pentene concentration then the values of (l-pentene/k) should have
been independent of l-pentana concentration. That this 12 not so is indicated
in the last column of Table ¥II, runa 5-9%. As the concentration of l=-pentene
was decreased there wes also a marked decyreases in the ratic. This suggests
that the order with Tespect to l=pentene 1s more complex. A more complex
order would be expected if a l-pentene-iodine charge transfer complex was
involved in the rate limiting step of the reaction (vide infra).

Additional evidence suggesting che importance of the lodine-olefin
charge transfer complex, with respect to the addition of iodine o the double
bond, was obtained by comparison of the reaction rates of a serles of 05
alkenes with thelr relative eguilibrivm cematants for cemplex formatlon wich
iodine, Table VIII lists the rate constanta obtained in this study along
with the relative equilibrium constants obtalned by Cvetanovic and his co-
wurkera.z4 It can be seen from the Table that there a rough correlation be-
tween the rate of the reactlon and the ability of the olefin to act as a donor
toward icdine. Because of the complexity of the kinetle relationships one
would not expect an exact correlation burt it 1s gratifying that an overall
trend in the anticipated directien is cbserved. This is preciszely whar would
be expected if the ledine-clefin charge transfer complex was invelved in the

rate determining step.
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TABLE VIIL

Race Constants for the Addition of lodine to 1-Pentene
in Carbon Tetrachloride ac 25° C

(1,) 5_;1{1 . {1—pentene;§§
malefliter {1-pentana) meles * liters min moles

Run % 10° mole/liter x lﬂz l:I.I:nm-:a‘_""";2

1 21.89 9.12 10.9 . 83.26

2 B.83 9.13 10.9 83.26

13 0.076 9.11 11.5 79.2

4 0.152 9.10 121 75.2

5 0. 147 B.78 11.2 78.4

6 1.18 7.02 9.7 72.6

7 1.18 5.27 8.0 65.8

B 1.18 1,51 6.4 54.8

9 1.18 1.76 4.01 44.1
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TABLE VIII
Comparison of Rate Constants of Iodinpation with the Relsrive

Equilibrium Constants of Charge-Transfer Complexes

k&
win moles™ 1%

Olefin x 107 Relative K "
l=-pentene 1.0 12,7
cig-Z-pentene 7.04 4.0
2=machyl=1=-butans 6.74 .80
2=mechyl=2=butens 2.59 .48
trans—2-pentens 1.0 . 3B

a Obtained with initisl concentration of iodine of 1.8 x 107> mol/l.
in neat pentenes.

b Obtained from ref. 24. The values are relative to cis-2-butene, which
was taken as unity. It should ke pointed out that Cvetanovie' pt. al,
gave gseveral values to choose from. The values gquoted here possibliy
the best values althoupgh the other cholees showed the same general trend.

¢f. W. E. Falconer and R. J. Cvetanovic', J. Chromat., 27, 20 (1967).
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However, as pointed out by Furuyama, et. Ei}!ﬁl I acems would aleso be
expectad to complex with the alkene bond. Altheugh there is no datz on the#
relative equilibrivm constants of the I-atom-clefin charge transfer complexes
for the wvarious pentens isomers studied, one might expect these constants to
follow the same general trend as the corresponding molecular iodine complexeas.
Based on this assumption the earlier argument for the importance of the lodine-
olefin charge transfer complex would be equally applicable to the I-akom—

olefin complexes.

MHerhanisme and Rate Lawa

The effects of alkene concentration and complexing ability om the observed
k valuss can be explained by the following reaction scheme 1n which steps 5
and 6, either singly or in combination, are rate deterwmining whera 1 and f

refer to the initlation and termination steps.

I, +hy —ep I 1
I+ 05 et C5'Dy z
1+ c, o Cy'1 3
G 1, + v i, C 1+ 1. 4
oI, + 1 Hep (Cgly) 5
¢, 1+ 1, ki s (e, 1,) 6
(€g1y) —p Cgl, + 1 7
1+1 foop 8

! s

I+C 1 —s € +1,
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Examing the proposed reactlon acheme & number of factors nesed to be

ronsidered:

{1} Tha 12* olafin complex absorbs as well or batter, than the frae
iodine, therefore, step 4 would be expected to contribute just as much,
if not more, to the I atom formation as step 1;

{2) I atoma probably form just as strong a T-camplex with olefins as
12. g0 that the formation of the diiedide products from either step 5
or step 6 could be equally probably;

(3) Both steps 5 and 6 lead to the same l:ransit-icm state (C.I,}, thus
the kinetic data would noc be expected to distingulzsh hetween the two
possibllities.

Assuming the rate determining step to be step 5 and that the I, clefin

complex centributes equally to the [+ atom formation, then a mechanism of this
type requires a rate law of the farm
32
d{C;I,)/dt = k) K {107 {CH/L + K (L] (3}
where Kc is the aquilibrium constant for complex formation as defined by
R, = (€, I,)/(C3{1,), - (4)

and where (I is the concentration of uncomplexed f{odine. The observed

Z]f
rate condtant ¥ shoyld rhen be related to Ei by the expression

(C)fk = 1/ (kK ) + (C/ky (5)

According to equation 5 a plet of the experimental values of {CS} fk vs.
({:5} should rthen yield a stralghet line, the slope and Intercept of which
should yield the values of K and El’ reapectively. The data of Table AV

were treated graphically according to equation 3. From the resultant plot

1 1

(Fig. 21) values of K = 1.0 x 10°2 moles T liters and k) = 2.38 x 107 min
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liters were obtained.
Alternately if step E is considered to be the rate deterq}ning sten the
required race law is
aIC L)/t = ki kS (611,17 2/ + x e, D> )
where K; iz *he sauilibrium constant for the I-atom-olefin cemplex formation
as defined bv
K = [CgeT1/1C510T) 7
The above rate expression, with the exception of K; in the numerator,
is the same as the previously derived rate law for the I* + CS'I2 -+ C513
mechanism. Thus the slope and intercert of the plot of [CS]IE_EE. [Gj] would
be gqual to chEi K; and IFE; K;, respectively. The value of Ei is dependent
on the valup sssumed for K;, but the value of Kc obtained from the golution of
the two equationg 1 independent of the value of K;. If K; - KE = 0.1n mnles-l
1, then the valuge of Ei ig the same as that obtalned previonsly.
We could also re-evaluate the firset rate law, agsesuming that the C5-12
complex does not contribute to the formation of I-atoms. This would reguire
a rate law of the form

f

3/2 3/2
ditgI,)/de = k) K (L) (/L + K [E 1> (8)

The observed rate constant k should then be related to k, by the expression

2/3 /3 2/3 (%)

2
[{C5) %) = 1/ (kKD + K (Co)/ (kK )

According to equatfon 9 a plot of the expertmental values af [{65135]2;3
VE. [Ej} should then yield a atraight line, the slope and intercept of which
should yield the value of K and Ei’ respectively. The daca of Tahle VII were
treated graphically according to equation 9. From the resulcant plot (Fig. 22)
1 1 -1/2

licers and k, = 3.58 x 10-1 min ~ moles

values of K = 7.07 x 1072 moles™ 1
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litle.-rs:”2

ware obtained.

dndrews and Keefer25 reported that the absolute wvalue of the equilibrium
constant for the cyclohexene/iodine complax was 0.34 mnlehl liter. Cvetanovwié
et gl.zh gave a relative value for cyclohexene. Combining these data with
the relatlve eguilibrium constant for l-pentene allows the calculatiom of

2 mule-l liter.

1

the absolute wvalue for l=pentene. This comes out to ba 9.0 x 10”
Thiz compares very favorably with the independent value of 10.0 x 1!'.}_2 tnle
liter gbtained in this study, assoming the iodine olefin complex contributes
equally to the formarion of I=atoms. The walue of Kc ohtained when the con-

Z mtles™l 1ivers) results in

tribution of the complex is neglected (7.07 x 10"
poorer agreement, thus supporting the axpected importance of the complex in

contribucing to the formation of I-atoms,

Egquilibrium

4 serles of five solutlons, contaloning varying concentraticons of lodine

betwsen 1.0 x 1£'.7!.2

and 1.0 x 1IIZI'-3 moles liter-l in neat l=pentene, were al-~
lowed to stand for 48 hrs. and the egquilibrium concentrations of the reapectiwve
reactants and products were determined. Theae wvalues are listed in Table IX.
The expression for the averall egullibrium constant for step 5 aasuming the
reaction was reversible, would be

K = (GgI;)/(Cq1,) (10}
and from equation 4. (c5-12) ia equal to Kctﬂs}{lz}. Then the expressicn for

the observed equilibrium conatant, Kaba’ would be

Kope = KK, = (CsL,) /(Cg) (1,) {11)
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Figure 22. Plot used in the determination of K. and k, according to
equation 9.
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Deing equation 11, the average value of the observed eguilibrium constant,
Kﬁbs’ was found to be 2,51 + 0,200, Waing this value 2and the value determined
previously for Kb the value of K wag found te he 25,10,

The observed deviation of the expetrimental values from the straight line
plots in Fig. 20, which cccur in the later stages of the reaction, and the
subsequent attainment of an equilibrium suggest that the proposed mechanisms
and the resultant kinecic expressions do not fully deseribe the iodine inter-
action with the alkene. For example ztep 5 would be more correctly expressed
as follows

k

0. 'I. +1 = c.I. +1I {(12)
572
k,

allewing for the reversible decomposition of che products. Thus the kinetic
expresszion should include ap additional term allowing for the reversible step.

22,23 have shown that the decomposition of vicinal

Pnlissarzl, and gthars
difodides to proceed by an I atom catalyzed concerted process, i.e,, essentfally
the reverse of the additionm mechanism. Thus equation 3 could be rewritten to
give:

§(CLY/aE = kR (1% 2C ) /11 + X (€] - ky(1,) (1)1 13
which 1includes the expression for the product decompesition. By the inclusion
of the decomposition term 1n the overall kinetic expregaion the ohserved
data should cover the entire range of the reaction, This, however, la not
necessary In ovder to deacribe the addition mechanism. As demonstrated by
the data the detompostion term may be neglected and sufficient data can be
chtained from the initizl stages of the reaction in order to identify the most

probable rate deternining step and, nature of the activated complex. A

gimilar treatment of step § would be equally valid,
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Stersochemistry of the Addition-Elimination Reactions

Identification of the products of addition of icdine tc l-pentene and
cis and trang-2-pentene were made on cthe basis of their characteristic nor
spectta.zﬁ A representative spectra of each of the pentene lsomers and
their corresponding dilodo producta is shown in Figures 23 to 28. The nmx
spectra of the respective startiog olefins were identical with the products
of elimination of icdine from the corresponding diiodidesa. The 1,2-di-
iodopentens was readily converted to l-pentene by stirring with zinc duat in
methanol. Similar treatment of the dl- and mege—2,3-diiodopentanes, however,
produced conslderable quantities of pantane. The lodine catalyzed conversion
of an alkene o 1its corresponding alkane has been reported previuusly.z?
However, convarsion of the 2,3-diiodopentanes back to theiyr respective cis
and ryrans-2-pentenes was succesafully accomplished by stirring with magnesium

in ethyl ether. Although pentane was also produced in this reaction it was in

a much smaller amount and sufficlent quanticies of the cls and trans=-Z-pentenes

were recovarsed to confirm the repcrtedg starapgpecific nature of the addition
and elimination of iodina.

Attempts to convert the respective diiado-products back te thedr starting
materiale by thermal decompesition were aleo unsuccesaful. When 1,2-gilodo-
pentane and the 2,3«dijcdopentanas were heated, without prior removal of the
small gquantities of excess iodine, decomposition occurred at ca. 35° which re=-
sulted in the formation of HI and a dark polymerie matarial of unknowm com-
position. Howevar, Lf the excess iodine was removed prior te heseing by an
aqueons sulfite extraction, the respective dilodides could be discilled at ca.

130° with little accompanying thermal decomposition.
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Discussion

issuming & mechanisw based on either steps 5 or 6, it was possible to
obtain reproducibls ezperimental values for the rate constant consistant with
the rate laws for either of the respective mechaniems. 4s both staps 5 and
& require actlvated complexes having ldentical configurations, the kinetic
neasureéments would not be expectad to distinguish between the two proposed
altemate reactfon paths. In addition the expected correlation berween re-
action ratee and complexing sbility of the respective olefin: waz found, The
value obtained for the charge tranafer equildbrium comatant for the l-pentene/
iodine complex was cousistant with the reported value for the iodine-gyelo-

25

haxana complew. It would therefore appear that, assuwming similar conplexing
abllities of the olefing with l-atoms, either postulated mechaniom is suf-
ficiently justified by the experimental data.

The mechanism in step 5 is 2lsc in complete agreement with othar studies
which supgeseed that a concerted addiriom mechanisw was required for the ad-
dition of iodine to alkenes. Most of these studies dealt with the reverse of

21,22 19,20,27,28

the addition reaction and with isomerization of olefina by iodine.

Agreement with the reported stereospecific nature of the iodine addicion and
elimination, found in thia study and reported previcusly by Skell, e, g.g,

15 alsc consistant with the proposed mechaniem, as the pil-complex would be ex-
pected to cocllapae astersospecifically., Alchough our gbservaticns can be explained

without #ssuming the existance of bridged radicals we cen coffer no definitive

evidence to aither prove or disprove the importance of the C.I' radical in the

formarion of che diicdo preducts. However, the stereocspecific nature of che

iodine additicn and elimination require the iodine atom to bridge the two carbona.
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As discussed previcusly the diiodo products were converted back to Chelr
respective olefins and the sterepspecific nature of the addicion-elimination
cycle of icdine wag confirmed., The dependence of the thermal scabilicy of the
products on the pregsence of fodine and the converaion of the pentenes to their

respective pentanes, whlile interesting were not pursued furcher.,



17

CHAPTER IV CHFMICAL EFFECTS OF THE (n,y)-ACTIVATION OF

IODINE IN LIOQUIR ALKENE-~ICDINE S5YS5TEMS

The chemlcal effects of the {n,¥) induced reactions in condensed systems
may 1lnvelve a large number of factors, the relative importance of which 1s not
well understood as vet. The currently aceepted hypothesis employed in the
incerpretation of che chemical effects of the nuclear transformation induced
reactions of heavy halogens In condensed syatems is the "Auger Flectron
Hyputhests".aﬁ This hypochesie suggestg that the recoil halogene resct with
the solvent radicels which are formed at high localired concentration in cheir
immediate vicinity by reactions such asm RX + & + R + X and RX + H + R + HX,
made possible by the localized vadiation chemiscry frnduced by the internal
conversion and Auger electrons emitted by the recoil atoms.

Because of the complicated nature ﬁf radiation chemiscry itaelf, such
as the well known production of approximately eaqual guanticties of radicals and

3% fFalls

ionized specles, the “Auger Electron Hypothesis" proposed by Willard
to predict the ldentity of the reaction specles responsible for the incor-
poration of the halogen intc the solvent molecule and/or one of its fragments.
In fact, the "Auger Electron Hypothesis" does not even conaider the activeted
lodine species is directly participating in the formation of the observed pro-
ducts. For instance the formaciem of organic lodides could vroceed via charged
and/or excited iodine atoms, as Found to occur in the gas phaﬁeal_ag, or by
radicals produced by the intermal converslon and Auger processes. However, the

previcusly described hypothesis would not be expected to differencfate be-

tween the formaclon of products by elther process,
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In thik past nearly all studles of the {n,¥y).induced reactions of iodine
in condensed systems have been carried out in various alkane and alkyl halide
solvents, These solvents (target molecules), with the possible exception of
some of the alkyl halides, would be expected to exhibit litcle chemical
seleceivity toward an ion or redical attack and, cherefore, yield no infor-
mation on the identity of cthe reactive specias, There have been a few studies,
howaver, with aromatic systems liable to attack by positive halogens at
particular positions, thus leading to more specific modes of rea:tion.ﬁﬂ At-
tempts to discover such effects have generally led to somewhat ambiguous re-
aults.

It would therafore be desirable to find and employ a system which would
inhibit a chemical selectivity toward either an ion or a radical accack that
could be detected by the formatlon of a preduct or products characteriatle of
an sttack by a particular species. Alkenes with theair alactron rich double
bond, could exhibit an internal chemical selectivity to attack by a positive
icdine fon. If zuch {2z the case one would expect the ion to attack the
mylecule at the position of the double bond and a#‘result cbserve an increase
in the formation of products with the labazlad iosdine attached eo this position,
as comparad to che product distributiom of the correspondiag alkana. Thus by
gtudying the (n,y) induced reactions of iodine in liquid alkenas, it may be
pogsible ko deteymine Lif fonic precuraors are important te the incorporation
of lodine Into the solvent molecules in condensed media.

Although there exists little information with reapect to the ion-
molecule reactions of alkenes and halopgena, che thermal (iodine free radical)

14,29 8,%,30

reactions of iodine with alkenee in both the gas and liguid have

been investigaced in some detall., Golden and Eensunzg in a recant review
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of the gas phase reactions have shown that these reactions do net lead to the
incorporation of lodine into the alkeme. Similar studies in the liguld state
show that the formation of the respective }),2-dlicdo- products cccurs rapidly

8,9 As discussed in

vhen illuminated by crdinary white flucrescent light.
Chapter 1I1I, it was found that the addition to the alkene double bond proceeds
through a I atom catalyzed conserted addiclen process., 1t has been noted
however, that negligable additien cccure in the absence of light9’3ﬂ as i
would be expected for a free radical precess. Thus, the (n,y) induced het atom
studies of the addition of iodine to vlefins may be performed in che dark, in
either the gaceous or condensed scate, with little or no interference expected
from thermal addition reactionms.

1f, contrary to what would be expected, significant interference with the
"hot atom” studies by thermsl processes did occur, then a lese reactive source
of lodine such as CH,1 could be employed. The feasibility of using methyl

3
1,32

ipdide ag a source of "hot" iodine has been demonstrated. Al though thie

would not permit the effects of 1., scavenger to be determinéd and complicate

2
the product determinations, no other experimental problems would be expected.

Organic Yields

Previous studies {Chapter III and Befs. B,9,30) have shown that, while
molecular iodine veadily adds to the double bond in 3 numbey of simple slefina
when in the presence of light, the addition reaction is meglible 1in zhe datk.
In fact less than 10% addition was found to oceur after chree hra. of standing
in the dark for a 1.5 x 10_5 M salution of I2 (1311} in l-pentene at 25°C,

Therefore, all the lodine-olefin samples, for subsequent neutron activation, were



prepared in a completely darkened room with only a dim red light present to
supply the necessary illumination. Quadruplicate one nl. samples of each
concantration were prepared Immediately 1 mir, } zfter mixing of rhe I2
with the pentenes isomer of incereset. Afcer placing the samples in individusal
quartz ampoules, the ampoules were shielded with an alumicum foil shroud fo
further protect them from any inecident light during the degassing procedure
degeribed previously. Immediacely aftey preparztfon tha samplas were wrapped

in foil and frozen in Iiquid N Just prior to activation of the indivi&ual

2+
gamples in the resctor chey ware removed from the 1iquid N, and wrapped in
carbon paper and cthen allowed to liquify. The carbon paper wrap was employed
to shield the samples from any incident lighr dering irradietion as the more
durable aluminum foil wrap, used previously, would present an unnecessary
radiation hazard as a result of fcs high croes section for tharmal neutrone.
Immediately after acrivacion the ssmples were refruzen; wwWrapped, and then
extracted while solid. Thus, throughout the sample preparation, activation,
and extraction procedures, little or no photo=induced addition resctiona would
be expecrted.

The 12?1(n,711231 induced yield of iodine in l-pentene, trans-2-pentena,
and cls-Z-pentene were datermined as a function of I2 concentration. The
results are tabulated in Table X and represented graphically in Fig. 29. It
was found that the organic yields of l-pentene and cis-Z-pentene were the same
wlthin #xperimental error and, that the E;gggrz-pentene vields were slightly
lower than the corresponding l-pentene and cis-2-pentene yields,

The organic ylelds of l-pent=ne as a function of added EHGI were chen
dararminad ro test for any thermal contribution to the cbserved orpanic yields

in the [z-l-pentena syaetem. OFf tha three plefins used, l-pentene pogsesaes
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TABLE X

Radistive Heutrom Capture Induced Yields of 1251 in Varlous

c5 Isomeres ag a Function of Additive Concentration
1

Organic Yieild
Additive Concenttation Pentane Jl-penteng trang-I-pentene cig-2-pentene

1, 4.8 x 1072 29.02
29.11 i
32.13 '

25,19

29.89

I, 1 x 1072 36.78 31.58 40,58

38,35 31.61 42,63

40,25 32.47 37.41

19.03 32.15 38,50

38,60 31.96 39,85

I, 1 %1077 39,39 46,58 18.57 46,55

40,45 47.82 1.97 48,26

41,88 bb, 66 8. 42 49,18

40.488 43,71 15,02 42,90

45,69 18.50 46.72

I, 1 x 1074 45,42 49,30 45,77 58.72

45.54 46 . 3% &% .74 54.85

50,65 48,48 £3.46 6. 79

42.07 47.68 44 .66

47.95
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TABLE X {cont.)

Additive  Concentration Pentane l~pentene  trana-Z~pentene cis=-2-pentene

I, 5x 107 53.35
52.54
55.76
53.88
" i
I, 1% 10 48.53 54.05 54.04 60.66
54.62 51.95 51.41 60.03
47.95 55.87 64.26 60. 30
55.91 58.60 64.21 57.83
62.71
55.12 9.6 5%.71
59.17
I, 5 x10° 69.82 86.39
66.84 80.52
£9.78 B8.66
73.67 77.99
66.20 75.07
41.49
I, 1 x 1070 86,52 81,37 74.50 86.97
88, 51 66.69 59.68 71.82
90. 45 71.43 73.39 90.05
88.59 89.55 91.73
92.99 91.83
90.46 85.24
65.24

59.82
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TAELE X {cont.)

Additive Concentration  Fentane l=-penteana trang-i-pentena cig=2=pantane

CH_ T 1 x 1071 53.28
54.58
57.65
61.62

5&1 TE

CH.1 1x10 56,55
57.39
58,11
58.44
58,56
59,17
59.91
62.78

58.86

CH .1 1 x10° 56.55

&0.00
60.52
63.53
64. 37
66,11
62.15

CH.1 1% 10 57.80
50,95
61.91
62.73
63.30
65.13

62.48




TABLE X {(cont.}

addicive Concentration Peotane l-pentene trans-2-pentene cls-Z-pentene

CH.I 1 x 1077 54.95

3
50.15
61.76
61.92
64.51
70.52
71.06

63.12
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the fasztest rate of thermal iodine additinnaﬂ. and was, therefore, selested as
the system for this comparison.

Since EH31 would not be expectad to react thermally, with the various
olefins scudied the radiztive neutron capture induced organic yislds of dilute
CHBI—I-pentene golutions would be expected te refleot the arganic yield in an
iodine~l-pentene system in the abasence of any thermal reactions and iodine
scavenger g2ffects. Thus, if there exdsts no contribution by thermal processes
to the observed organic yields in wvery dilute lodine-olefin systems (where
scavenger effects would be expected to ba negligabla} the radiative neutron

capture indoeed yields of jodine in both the dilute CH_ I-olefin and Iz—olefin

3
systems would be expected to be the zame.

The experimentally determined organic yields obtained in the CHEI-l*
pentene zystem 322 2 function of the methyl iodide concentratlon are presented
in Table XVIII and compared with the Iz-lupentene system in Flg. 29. After

123

correction for the reported 1.09% fallure to bond Tupture for the CH_ T,

3
the EHJI + l-pentene organic yields were found to ca. 3 per cent higher than
the eorresponding I2 + l-pentene arganic yields az 1 x lﬂ_5 mole fraction

added I2 or CHBI. The slightly Rlower yialds for the I2 + l-pentene system

can be attributed o the scavenging effect of the swall amount of 12 present;
as comparison of rthe argsnie yields {(and the trend of the yields with con-
centration) of the two systems st even lower additive concentrations suppest
that they are identical for infinitely dilute solutions, 38 would be expestéd-
1f chere was o contrlbution to the obeerved 12 + l=pentene vlelds from chermal
processes, However, the extremely low actlvities and radlolycic damage ac-

conpanying the longer irxradiation rimes (-~ 1 min.) preclude any accurate experi=

mental wvalues below 1 x lﬂ_5 mole fracrion addicive,
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The 1281 organic yields in the I2 + pantane system, a8 & funckion of
iodine concentration, were determined for comparison with the corresponding
vields cbtained in the pentene systems. The results of thls study are also
reported In Table X and conpared with the pentene systems in Fig., 29, The
128I organic yields were consilstently lower than the corresponding pentene
values and showed a smaller dependence on added ilodine {scavenger) con-
centration. This smaller dependance on scavenger concentration indicates

o 127 128

th I induced organic yields in the pentane system are less de-

Ii{n,y)
pendent on diffusive radical reactions than those in the ywmsaturated pentene
systems.

The most important information obtalned from the study of the organic
vields in these varied ES igsomerzs is the great similarity in the observed

vields under identical conditions. Although the four 35 isoner studied possess
widely wvarying thermal reactivities with molecular iadine, warying from es-
pentially zera to nearly complete addition in one hour, the radiative neutron
capture induced yields wvary less than 10 per cent over the entire concentration
range studied. However, this information is not particularly wseful in cerms
of any mechanistic interprecations; but, nerely reflects the high energy

nature of the nuclear activiation process.

The higher pentene yields do suggest, however, that the more thermally
teactive double bond possessad by these isomers, also exhibits a greater re-
activity toward the activated fodine species. The slightly smaller values ob-
tained for the organic ylelds of the Ermms-2-pantens isomer could be the re-
sult of increased steric inhibirion to acetack ac the posicion of the double bond
by the reactive lodine species or compared to the l-penténe and ¢is-2-pentene

igomere. The imporcance of ateris factors in the inhibition of 12?1{n.?}1251
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induced yilelds has been previously demonstrated in halocarbon systems.33

Product Distributions

Az diszcusszed previously, the organic yields of a system as a funetion of
varicus parameters are insufficlent, by themselves, for any adequats inter-
pretation of the mechanism of produvet formation. As in any type of chemical
reaction, 1t is essential that the final reaction product or products are
known before any reasonable considerztion can be given to the mechanism of
their formation., Therefore, the I2 + pantans, CHJI + l-pentene and I2 +
l-pentene, ciz-2-péntene, and trang-2-penténe systems wers analyzed by radiogae
chromatography in order to identify snd measure the relative quantities of

the various products formed by the nuclear activation af 12?1 in these svstems.

With thé-excePtion of increased irradiatiom times, the preparation and ir-
radiatfon of the various eyetems for product analyses was fdencical to che
procedures employed for the organie yield samples.

The gualitative and quantitatlve product analyses for the warious systems
gtudied were determined as functions of additive (12 or GﬂaI}, additiva con=
centration, and irradiation time. The product distributions obtained for the
vairious GS igomwers a5 functions of these parameters are tabulated in Table XI.
The ¥ieids of the individwal products are reported relative to the total
crganic activity detected, The qualitative identificzation of the saturated
and unsaturated CI—CS ipdides and rhe relatfve abimdances of these prodocts ware
determined by the radiogas chromatography procedures as discuszad in Chapter II.

128

Aa showm in Table XI the product distributionsg for the varicus C

5
isomers exhibit considerable differences from Isomer the fasomer, partlenlarly

with respect te the relative quantities of methyl and the warious C5 iodides.



TABLE XI

128 127

Relative Yields® of Organic I(n,T}IEBI Activation

1 Products Forwmed by che

of Iedine in Selutions of Various C5 Hydrocarbon Isamersb

12 Irvad. i- and - i- and o~ 2- and 3- 1-
Iscomer mele frackion Tine GH31 EEH3I GEHSI G3HSI CSH?I G#HQI GEHQI CEH111 CﬁﬂllI
Pentaned 1x lﬂ:g 10 win. R 2,0 13.7 1.8 12.3 3.1 0.8 34.8 25.0
1=x 20 10 min. 11.2 3.4 8.2 1.7 9.6 3.1 2.3 30.1 27.8

1-pentened 1% 107 10 min. 5.0 4.6 10.5 0.9 7.7 2.8 3.7 35.3 27.2
1x 10 5 10 mig. 5.7 4.4 13.3 2.2 4.8 5.9 6.1 23.6 34.2

1x 107 30 sec. 7.4 6.3 8.8 0.8 6.3 5.5 5.3 23.8 3L.6

d 10 min. 40.4 2.0 5.2 --C 3.9 S --z 14,6 10.8

& 10 win. 28.1 3.7 6.8 1.5 3.9 2.4 2.9 14.7 18.8

h 10 wmin. 21.8 5.4 10.1 1.0 6.3 Z.B 4.0 18.6 24.9

trans-2-pentene 1 x lﬂ:g 10 min. 21.0 4.1 11.3 1.0 §.0 J.4% - 3&.9 6.3
1x 10 2 10 min. 17.3 4.2 10.7 2.1 6.8 1.5 2.2 41.7 1.9

1x 10 0 sec. 21.6 4.2 11.1 1.6 &.7 3.3 ==  34.5 6.3

cis-pentene 1x 107, 10 min. 7.2 3.9 16.5 2.3 7.9 2.3 2.6 37.0 12.1
1=z lﬂ_z 10 wmin. 21.1 4.7 10.6 1.1 5.8 -—C --c 43.8 12.9

> x 10 M sec. 25.9 4.7 10.3 1.1 7.4 5.2 -z 31.1 4.3

m

W

a Expreszed as the percent total organic activity. b 411 firradiations performad ar 25° C in carbon

c wrapped ampoules.

no peak detacted. d
reference 75,
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The product distributions of the clas and trang-2-pentene lsomers are, how-

ever, identical within experimental error as might be expected.

Asguming that all poaitions weye equally liable to attack by che reactive.
lodine species one would then expect a statistical distribution of the ob-
served 1-,2-, and 3-lodopentanes and/or Bentan&s. In this case the relagive
product distributions for the ﬂ5 iodides would be 2:1:2 for cthe 1-,3-, nﬁd
 2-toda products respectively. 4= the 2- and 3-icdopentanes were not separated
in thie study then the observed relatlve product distributionma assuming a
atatistical distribucion, would be 1,.5:1 for the combined 2- and J-icde-
pentanes and the l-iodopentane, reapsctively.

Exanining of experimental data in Table EI, the values for the relative
product diatributiona for combined 2- gnd 3-iodo products and the l-icdo pro-
duct were foynd ko be Eﬂé 1.4, 0.7, 7.2, end 5.8 for pentane, l-pentene, trana-

2-penteéne, and cis-Z-pentene respactively. Thus, the I, + pentaneé systenm

2
possesees a nearly statistical distributlon of thﬁ-raspectiv& E5 iocdides ae
would be expected due to the uniform bonding throughout this molecule. How-
¢ver, thée l- and Z-pentense lsomer exhibit considerable deviaticn from a
statistical distribution of iodination of the resp;ctive pentens molecules,
with the l-pentens isomer Favoring lodinatiow at the l-position and cthe 2-pentene
isomer favoring lodinstion gt the 2- andfnr 2=positions. This iz precisely the
expected result if the respective pentene lsomers pﬁ;sessed an internal chemical
gelectivity towards attack by the reactive lodine species at the position of
the double bond.

The greatar EHHI yields observed for the z-penEEnE'isumers over that found

for l-pentene and pentane systems could be rhe result of cleavage of the carbon

to carbon gingle bond containing the methyl group adjacent to the double bond



with the subseguent attachment of the attacking lodine specles, contalned

in che aprivated cumplex.’tn the meth¥l radical produced. The lower teotal
c5 iodide yilelds for the Z-pentene isomers as compared to the pentane and 1-
pentene systems would seem to support this hypothesis.

Ebmparis?n with Radiolysls Produced Products

The currently accepted hypothesls used to account for the chemical

distribution of the active stoms produced by the puclear activation is rhe

36

autorad{olysis cheory proposed by Geissler and Willard. This hypothesis is

basad upon the observed similarity between the yields of radicactive products

formed either by neutron capture in thae system: aliphatic iodide 4+ ilodine + .

pentana, or by radiolysis of che same system tagged with 13112 with Gnﬂb Y-rnys.36

In order ro test the validity of the “sytoradiation hypothesis" in de-

128 1311

scribing the obsapvad I peoducr distributions in our systens, the I pro~

duct distribytions produced by radiolytic processes in similar systems, are
required for purposes of comparison with the product distributions rasulting

from the nuclear activation process. There l-pentene, trans=Z-pentene, and

3 131

gls~2-pentene samples contalning 1 x 10"~ mole fraction of I tagged moleculer

fodine were prepared for {rradiation. These samples were then lrradiaced in

the "lazy susan” of the TRIGA reactor for a period of twe hours, during chis

-
time they received an accumulated y-dose of 3.6 x 1ﬂ19

Little or no 132[. produced by the nuclear activation of

e.v. g_l per sample.

1311 in the reactor,

131

vould be expectad because of the extremely small quantity of I in the sample

(~ 1 mCl or € 4 x lﬂ—ll mzles) and the small thermal neutrom ¢roge gection of

1311_ 128

0.7 barns for the Thus, after allowing 2 4 hours for the I produced

in thes: samples to decay, the only labaled products remaining would be the
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131

desired I labeled products produced by cthe y=radiolysis during che

sample lrradiatiom,
The results obtained from the radiegas chromategraphic analyses of the
respective I2 (Ijlll-pentene syatems are reported in Table XII and compared

1231 product distribucione. For the purposea of com

128

with the corresponding

13l

parison with the 1 labeled radiclysls producca the I producc distributions

obtained in the short irradiacion time, high lodine scavenger concentraticn

systens were chogen, as they would be expected to possess the smallest con-

128

tributien to the I products formed by che accompanying radielysis of the

sample.

lJlI radiolycic product distributions with the

127

The cowmparison of the

128 I in Table XII

I product distribucions from the (n,y} activation of
shows two major differences between the relative quancities of che varlous
products produced by the disaimiler processes. The major difference being a
considerable decrease in the total quantity of the various obeerved fragmentation
producta {c4-c1 icdides) for the radieclysis produced products as compared to

che 138

I product distributions, produced by the nuclear activation., In ad-
dition, the CS icdides produced by cthe radiolysis process tend to faver a more
statistical distributilon over those produced by the nuclear activation.

The incresse in fragmentation products chserved for the {n,¥) activation
would suggest that the product formatien proceeds through a higher energy pro-
cess than the corresponding radiolyeis processes, While the inc¢resaed randomness
in the formatlen of the wvarlcus C5 iodide isopmers for the radiolytic progess
could be the result of decregsed chemlcal selectivity in the formationm of

radicals by ionizing radiation and/or vearrangements occuvrring after the for-

mation of the varions hydrocarbon radicals.
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TABLE KII
Comparison o the Radivlysis Produced 1311 Organic Products® from the Reactor [rradiation
of 12 {1311} Solutlons of the Varlous G5 Hydrocarbon Isomers with the Corresponding
1281 Products® Produced by the Nuclear Activacion of lz?lh
i- and n- i- and m- 2- gnd 3 | 1-

Syatem '.'.:H31 CEH 31 C EH 31 631:[51 C 3[-1 ?I*- c __:}HQI c 31-1{_:‘1 CSH]_II c 51-1111 IZ:I-‘IEI2
Pentane-1211¢? 6.1 _d 141 _d 10.9 1.0 4 sLo 17.0  _a
_1285h, 6.4 2.0 1.7 1.8 12.3 3.1 0.8 34.8 25.0 _ad
l—wntem—lnlf’ 3.0 2.7 7.8 0.5 3.6 3.2 7.6 42.2 25.5 1.7
-1285¢, 7.4 6.3 8.8 0.8 6.3 5.5 5.3 2.8 3.6 4.4
cis-2-pentene-+11f 3.3 0.6 5.2 8 4.0 0.6 _g  58.3 15.6 6.3
A28 959 47 10.3 1.1 7.4 5.2 _g 3.1 6.3 6.8
mﬂ-z-pentanrlnlif 10.1 E 4.9 __E 4.3 1.3 . 60.8 15.8 1.4
288 g6 42 112 6.2 4.7 5.3 g 4.5 6.3 7.2

113
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TABLE XII (cont.)

Expressed as per cent of total organic activicy detected.

411 1231 organlc vields determined with I x 1ﬂ_2 mole Eracticm of T

2
preaent and 3 sec., irradiation time to minimize any radiolytic con-
tribucions.

Ubtajined from ref. 34

Ne peak reperted.

1x10° 2 nf 1
3

2
af I (1311

He peak detected.

1 x 10 )

1 x 1072 wf z,
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Theee dlfferences hetween the product distributions of the organlc lodides
produced by radiclysis and the radiative neutren capture of 12?1, clearly iu-
dicace that the "autoradiation hypothesie" does not adequately explain the
total product distribucions for the {n,¥)} zctivation of iodine in the verioua
pentene systems studied. Therefore, other processes muet account, elther

partially or completely, for the formation of the observed preoducts in theepe

EYELEnE.

Dilscusslon

As discussed previously, the {n,¥) activation of 12?1 produces chemical
effects which are not only profound but gquite varied in character. The
enexgy released do the transformztion manifests dtself in the kinetic energy
of the particle formed, in electromsgnetic radiaciovn, in fonization, and in
electronile and other exclitatdons. Wost of thils energy ig dissipated in the
surrounding medfum, along tracks of promsry a&nd eecondary particles, and pro-
ducea normal radiclycic changes In the gystem, However, the lodine ion or
atom incorporating the transformed nucleus is in iteelf a highly resctive
entity and should not be neplected in an overall consideraticn of the mechanism
ot mechanisms of final product formation, Thus the numbrer of reactive specles
capable of participating in the formation of products are many and varied.

The “asutoradiation hypothesis" attributes the formation of 21l products
to reactions between the activated halogen snd solvent radicals which are formed
by the localized radiation chemistty induced by the internal converaion and
Auger electrons emitted by the tecoll atoms; thereby, completely neglecting sny
poselble contrihution ta the overall product formeticn by the potentially. re-

active lodine atom or ion preduced by the nuclgar tranaformationms.
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Twe othar posszible procassas, not conmidered by the "autoradiation
hypothegis™, are digplacemant reactiona whareby the iosdine atom or fon re-
places a hydrogen atom or radical from a solvent molecule in a bimolecular
process by virtue of ites sxcass kinatic =nargy and the formation of producke
through isn-melacule reaction with ionz produced by tha vacancy cascade
asgociated with the internal convergfon of the activated fodina and/er che
subaequent nautralization of this highly chargsd specie by charge exchange
with the surrounding medis.

34,37,38,39,126

Gas phase studies have shown the bimolecular replacement Te-

1231 te resulec in total orpanic ylelds of only

actions of gpecies attacked by
a few percent, except in CHa ayatems. Thua thia type of procesa would not be
expected to contribute, appreciably to the total yields ohserved in condensed
gystems unless the probability for thie type of reaction is greatly altered

by the change in phase. The reactions of iodine atoms av elevated temparaturas
with various saturated and unsaturated hydrocarbona do not lsad to the pro-
duction of organic iodides but instead produce HL by a hydrogen abatraction

14,29,35 9,30 of the photo and thermo-

mechandiam. In addirion, the =tudies
chemical reactions of lodine atome and moleculea {n the various liquid pentenes
of intarest revezl no formactfon of the varions mono-lodo producta found in this
study. On the basig of the accumulated evidance prasented zbove thea formation
of the organic products chserved ?n thie study via bimalecular displacenent
reactione would appear to be unimportant,

In the I, + pentene liquid aystems employed in this study, the highly
chargad lodina atem produced by the nuclear acrivation procese will first
ghare ite charge with the molecule to which it is attached and then sbatract

electrons from the surtounding sslvent molecules praducing considarsble lon-

1
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ization and fragmentation of these molecules in close pruxiPitr to the
activated iodine. During this stage chemlcal cowbilnation would be lmprobable
between the activated iodine and the charged solvent molecules, and will occur
only after the charge density has been reduced by ngutralization or hr;;if—
fusion of the icns away from each cther. BEecause of cthelr lower mass.;prﬂtana
disaociated from the solvent molecules by this process would be expacted to
diffuse further than any other groups under the actlon of the field, so that
the center of the ionic cluster contaluning the activated iodine woulilbe rich
in hydrogen deficient species wicth which the active atom way react. This type
of mechanism, previously advanced by Mia and Shawal to explain the product
distritutions asgoclated with neutron capture processes In liquid bromeethane
syatem2, could be expected to produce both lonic and radical ilodine and hydro-
carhon precursors leading to the eventual organic combination of the activated
icdine specles.

In a recent study of the ien-wolecule reacticuns of varicus elmple clefina,
I-IIEm:I.sltI2 was able to account for the observed producta distributions in all
of the reactions studied by assuming the following selection factors:

1. no gignificant rearrangemeat of parent ilons;

2. posicive charge located at a secondary carbon in the parent ion;

1. site of the unpaired electron may be considered the active or at-

tacking site on the Iong
4. addicion cceurs at aicher double=-bond site (serie faztors may favor
primary siteas when they are avallable);
5. fragmentation involving more than one bond is not poasibla;
6. fragmentation occurs moat favervably at the tertiary carben in the

intermediate;
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a
favorable thermo-chemisztry).

7. losa of CH, radicals generally wiil not occur {possibly due te un

Azstming these qualitetive tules alsc apply to jon-molecule reactioms be-
tween iodine atoms or ions with oclefin lens or atoms, respectively, the ob-
served product distributions found for the {n,y) induced reactions of 1231

in the E5 penitene isomer could be accounted for. In partiecular rules 3 and

4 would account for the preferential addition of iodine at the double bond
gite and rule 5 for the sxtremely small quasnticles of di-iodo pruduntq'ub-
sexrved, Although vule 7 conflicts with the large quantities of methyl ilodide
found in our systems, particularly for the l-pentene systems, the potencilally
higher energy nature of the lon-molecule reactions in our systems could ae-

eoumt for this viclatlen. In faect, the high (Hallla

yields obtained in the
2-pentenas show a strong preference for loss of CHJ radicals adjacent to the
double bond. It would therefore seem that the ionization assoclated wit the
nuclear activarion of the iodine leade to subsequent ion-moleculs reactions
betwsen the activated iodine and the solvent or its fragmentation products!

thereby, accounting for the differences found between produets distributions

produced by nuclear activation and radfiolycic processes found in thie study.
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¥. BREACTICNS OF SELECTED HALOGENS AND INTERHALOGENS
BY RADIATIVE NEUTRON CAPTUBE AND ISOMERIC TRANSITION WITH

CONDENSED STATE CYCLOPENTANE AND AROMATIC HYDROCARBONS

Progreess In this area was previously reported in Chsapter V of our Progress
Feport Wo. 3 and Chapters IV and VI of our Porgress Report No. &,

Previous studies of nuclesr activeted halogen reactions have been mainly
with alkyl halide and aliphatic hydrocarbon systems., Much of this work was
hampered by a lack of knowledge concerning experimental parameters and meta=-
stable states, by the liwited availgbilicty of carrier-free nuclides of intereac,
and by the lack of instrumentation capable of resolying mulcii=cctope syatem
assays. With most of these problems taken care of, it has becowe possible o
study multi-iscotope systems in most of the hydrocarbons, especially those ¢f
raelatively low molecular weight.

With the availabllity of organic yleld and labeled organic product
distribution probes in halogen hot atom chemlstry, the peossibildty of investi-
gating compounds of biologlcal interest was consldered. The iodothyronines,
which are synthesized and used in the body, seemed to be a natural chofce for
an fintroductory study. Several studles have been reported in this area but
essentially nothing Iin depth has been done in the ar;a of hot atom reactioms
with the icdethyronines.

Due to the complexity of the iodothryonine molecules, only preiiminary
work was performed to ensure a soltd foundation for such a project io the
future, For a relatively cumprehanaive study, benzene and alkyl banzenes were

prebed wicth a aumber of halogen nuclides at 298° K and 77° K. Cyclopentane,
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a strained aliphatic ring system, was also studied for a droader picture of
hot atom reactions with ring systems.
Thﬁ primary goals of thig regearch were to investigate the following:
1. (a) The reactions of 12?12, 12912, and L€l activated by
radiative neutron capture and isomeric transitiom in
Yiquid and solid (77° K) cyclopantance; (b) the possibility
of an lsotope effect among the various isctopes of iodine
activatad by the two nuclear processes; {(c) the labeled
product distribution in camparison wikth cyclohaxane.

2, {(a)} The reactions of 1271,, 12%1,, Br,, IBr, and IC1

2
activated by radiacive neutron capturs and isomeric transi-
tion in liquid and melid (77 K) benzenai {(b) the possi-
bility of an isotope effact among the verious imotopes
of bromine {and iodine) activated by the rwo nuclear pro-
cessaesd; {c) the correlation between organic yield plateasus
and tha crystalline structure of the bromine-benzene
system (77° K}; (d) the labelad product distribution of
the varicus haloges nueclides in banzene.
3. (a) The reactiona of 12?12 and IC1 asctivated by radiative
neutron capture in selected alkylbenzenea at 77° K and
298* K; (b) the role of a mside chain on an arcmatic nucleus
in organic yteld andisotope effect studies; (c) the effect
of the alkyl side -chaina fn the labeled product distribution
of selected alkylbenzenes.
r —=7 Cyclopentane, benzene and selescted alkylbenzenes were probed bath in trhe

liguid and solid phases with nuclear processes induced by the neutron acti-

vation of one or mora of the following species: 12?12, 12912, Bry, IC1 and
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IBr., Of particular interest in each gf the systems were the following:

{1} isotocpe effects due to {n,}) and (IT) procesees; {2} individual and com-
parative scavenging effects in the liquid phase systems of the variocus halogens
and 1nterhalnge;s: (1) crystalline styucture at 77% K, and; (4) product
distributions of crganic halidegb;)

As 1in previcus studies of the 12?1 {n,y)

liﬂtm ¢rr) 130

1231. 12 130

%1 () % and

1231 a 120

I procesgses in aliphatic hydrcarbons, the nd 1

{(by IT} organic yi=lds ion cycloptntaﬁ@ﬁ were essentially the same= and in the

13ﬂ1 {by n,¥) organilc vields,

range of 1.2 to 1.4 times higher than the
Of further aimilarity was the preduce diastribution which was seemingly
independent of the nuclear process and phase. The major organlc product wes
found to be fodacyclopentane although in the iodfne-cyclohexans system the
major product was reported to be the hexyl lodides. 7To comparing the

1231 and SBCI organic ylelds in che solid state 12— and I€1- ¢yclopentane

128

systems, it was found that although the I 0.Y. platecaus cover about the

same concentration range (2 x 107> and lower mf of L, and ICL) the B 0.4,
plateau starts aomevwhat lower,  approximatsly lﬁ*ﬁ mf ICl, thus Indicating

that the 3

Cl crganic yields are probably a better guide to fractional
crystalliiati0n¢

All of the nuclear processes uwsed fn this atudy were used in the study
of benzene in order o thoroughly probe this arematic eystem found in thyroxine
and related compounds. The study of the alkylbenzenes was made to further
lay the groundwerk for future atudy of certain amine acida and hormones
contalning one or more aromatic nucledi.

It was Tound that essentlally no acavenging effect occurred in liguid

I,- and Br2- benzene syatems, and 3ac1 organic ylelds were not affected by
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either IC1 concentration of phase effecte in denzene, Ia ligquid benzene

gystens containing two halogens beoth bromine and ledine showed a significant

8. m EEBr 1 BEBrm' 128

scavenging effect { Br , 1 and aznr organic yialds). The

nuclear proceeses of both chlorine and bromine tended to increase the 1231

12?1 {o,v} 1231 proceas generally

lowered the bromine isctepe organic yielde and had ve effect on che JECI 0.Y.e.

organic vields 1in liquid benzene while the

In liquid Iz-alkylbenaene avatems, a self-scavenging effect was quite evident

in all of them. The 1231 organlc ylelds were generally higher at 1ﬂ-5 mf 12

that in tha Iz—benzena aystem bui became approximately equal in aaturated
solutions.

The product distribution studles along with the comparative cerganic
vield studles in the liquid ayscems indicated thar the mumber of differenc
products produced by the nuclear processea of the halogens increases as cne

goes from lodine to bromine to chloxine, whersas relative “acavenging"

ability 1a in the reverse order. The lucreasad 1231 0.¥.5.1n mixed sYetema

128

1z apparently due to thermal reactions of I epecies with excited species

produced by either bromine or chlerine nuclear processe=s. The dacreased

bromine lsotope organic yielda appear to be caused by the enhanced scavenging
38

of excited species by 12 and "€l O.Y¥,s are conmtant singe there are no

38

thermal reactlons of ~ Gl atome (ovr dcgue).

In solid state ayetema of benzene and the varioua halegena and iuter-

129 13ﬂI + 13DIm a

halogens, iactops effects occurred between I (n,Y) nd

1291 {n,v) IBDI + 130 (IT) 130, procegses and the various nuclear pro-

cesaece of bromine etudied. Thers wae alec an appreclable differsnce in

the ?gﬂt {n.y) sﬂﬂrm and Elnr {n,v) anr processes in liguid benzens.

Since the presence of axtremely small guantities of Impuritles were found

to cover up or indicate lgotope effects when the reverge was found at
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higher purity levals, only the imotope effect studies in the Erz-
benzene eystems were regardad with a high degree of confidence. The
alkylbenzenes could not be purified well emough for such a study nor
were guch puritics available commercially ae was benzene,

Organic yield studies of Br, in benzene at 77° K produced twe 0.Y.
plateaus, the varicus isotopes producing different but parallel curves,
The lower curves between 5 x 107) and § x 107> mf Br, have been inter-
preted to Indicate a region of uniform 1:1 cowmplex to a mixture of complex
plus pure polvent. The upper curves were interpreted here to be a mono-
moleculsy dispersion of Br2 in benzene, Due to limitations in solubility,

5 x 1ﬂ'2 nf I
28

5 in benzene wag probably mot reschaed in the solid state.

Although 128, organic ylelds in beth the I,- and ICl-benzene systeme

indicated a monomolecular dispsrgion at lﬂ-ﬂ and lowar mf I2 and ICl, the

33L':l 0.Y.s remained at about 217 throughout the concentratisn rangs

studied. Thus, although the 1231 0.¥Y.8 dropped rapldly at higher con=

centrations of I2 and IC1, apparently no significant clustering occurred.

Iodine 0.¥.s wre zeeningly 2 misleadding guide to structurte in aromaciz

Eyhtema at the present.

128 38

I and "Cl organic ylelds in solid atate I~ and IL)l-alkylbenzena

2
syscems vepemble those in the analegous benzene systems, indicating complex

formation with s probable diffevence between the TELl and 12 syeteme ginca

128

the I 0.¥Y.s from IC]1 are consietantly lower than those from I except

2
at 1~‘.3+"2 mf halogen., Product diezributien of the Iz—alkylbenzene systems
indicate ehat alkyl sida chains are gquite vulnarable to attack by hot atom
processed. Methyl 1odide was the major product by far in peveral alkyl-

benzener etudied except in the cese of ethylbenzens whers athyl iodide
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% eosentially equallad the methyl icdide formed. Also & large amount
of an unstable orgenic iodide was formed in the Iz-ethylhanzena, 12-

cumene and Iz—tart—butylbenzene syatenms,
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VI. Isotope and Pressure Effects of {n,y} and (I.T.) - Activated

Br, CH.,Cl and CH_F

Bromin= Reactions in Sageocus CR 7 5

3

The main purpose of studying the (n,y) and (I.T.) activated resctions
of bremine in CHEBI. EH3C1 and GHBF 1g to better understand bromine reactioms
in systems other thao CH& ar GDA. to évaluate the role of target molecule
parameters on the product yields, to datermine the relative importance of
charge and hot atom kinetic energy on the reaction products by both (I.T7.) amd
{n,yY)-activation, to evaluate the applicability of the E strip-Wolfgang kinetie
theory to those systems, and to evaluate deconposition probabilities of the
various products as a function of target meleculs, OQur broad gosal Is teo de-
velop mechanisms for these reactdons.

By emploving radiogag chromstography we are studydng reactionr systems at
varicus systems pressures amd varying concentraticms of rare gae or halogen
additives, The atudy at the present time 18 incomplete, We have only par-
tially studied the reactions of bromine in CHaﬂr and EHEF. At' this time we

will only summarjize some of our CH3Br aystems data,

The CH3Br Systam

43

While {n,¥y)-activated SnEr rescte with CH& to yield CH33r mainly as a

result of the recoil kinetic =nergy acquired by the Enl

a2

r, (1.T.)-activated
Br reacts with CH& by both 44 excess kinetic-energy processes (utilizing the

kinetic energy acquired by Coulombic zrepulsion) and thermal (kinetic-energy-in-

depandent)} processes to yield beoth 45,46 CHBEE and GHEBrE‘ The Cﬂsﬂr eyetem

is interesting in that, unlike EH&, the environment for the (I.T.)-activated

EEEr lons has a lower fonization potencial (1ﬂ.29}*? than that of cthe bromine

atom {11.5&}5. From maderator studies on the 82

BE-CHBBr ayatem, the reletive
importance of kinetic energy and positive charge {as well as importance of

ion-molecule and charge neutralfzarjon) can be readily determined.
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In preliminary studies of reactions of (I.T.) and (n,¥}=-sctivated reac-

48

tion of snEr with alkanes and halsalkanes, Spicer apd Gardua = found that

the organic yields of Bﬂnr by (I.T.) and {n,¥)-activation are 2.4 + 0.3 and

2.8 + 0.2 respectively. Okamoto and Tachikawa 49 report & total organie

B2

vield for {I.T.)-activaced ““Br of 5.93% 1w ﬂHjlr gystems containing 50 mn Hg

of Br, with & totsl systen preseure of 510 mm Hg., If & difference in organic

0

yielda betwesn (I.T.)-activated 8 Br and EzBr exista, we do not balleve it

would be of the magnitude presently reported in the literaturs.

EXPERIMENTAL

Bromine prepared frem Mallinchrodt reagent—-grade Kiﬂrzﬂ?, ¥Br, and stu#
was used after three distci]lations over P205. Matheson ﬂHEBr and Adrco
asaayed reaggnt Ar were used directly.

Sextuplicate quartz ampules contained either (a) Br, (Smm}, Az, end
EHJEr, with a total syetem pressure of Y00 mm Hg, or (b) CHjnr with varying
quantitica of Era, with a total system presevre of 200 or 700 mm Bz, Sampla
preparation, handling, and nevtron irradisticn in the Omaha, Hebragka V.4,
Hospital reactor employing an "in~reactor technique” have been described
pravinusly,ﬁﬁ Hogt systemg were irrzdiated for 20 seconds, which corresponded

to a total radiation absorbed by a sample of about 2 x 10-5

e.v. par molezule.
All relacive product discributicons were determined by radiogas chromato=-
graphy employing a modifided flow-through proportional counter of the type
described by Wolf et. al.l for the detection of the labeled products., 4ll
product determinations were cerried out on a 1/4 in. x 10 ft. column containing
a 5% loading of Id(2-ethylhexyl) sebacate on 50/60 mesh C-22 support at a flow
rate of 100 nil/min. Individugl semples were gpalyzed by direct introduction

into the pré-column cartley gas streams, with ballieti: temperaturs programming

from 0°C to 110°C. A 1/4 in. x 4 in. pré-column packed with potaselum ferro-
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cyanide wza used to remove all inorganic bromine pricr to passage of the
sample through the snalytical column. Under these conditions the observed
adjusted retention volumes were 280, 700, 1150 and 2100 wl. for EHJEI,

CEHSBr’ Eﬂzﬂrz, and CHBrJ regpectively. The product yields reported inm

thies paper are the percent ipdividugl activitiea relative to the total
organic activitiea cbeserved, multiplied by the total erganic yield. All

3231’ gamples were analyzed at least 48 houra after irradilation. The major
products obaerved weres cﬂjaznr and cazaznrnr, although several winer products

auch as GHBrzﬂr32 and CEH#B::B:B2 wire observed.

EESULTS AND DISCUESION

The effecte of Ar moderator and Brz additive on the indlvidual product

3Er and CﬂzBrz} of the reaction of CH3Er with BzBr Acti-

vated by the {I.T.) process are depicted in Fig. 30. Using procedures

vialds {labeled OH

described previouslyg we determined the failure to bond rupture of BzBr from
the Bfl:'{l.'l,"r’J;52 ™ an 323 m{I.T } EI processes to be 0,28%, All reported
dats zre cortected for this observed failure to bond rupture.

The data appear tc extrapolats for both Ar and Brz, to 2.6 + 0.2% for
CHEEEEr and to 1.3 + 0.2% for CHEBEBrEr at zavo wole fraection additive. At
one mole fraction of either additive, the data appear to extrapolate to 0+
0.3% for both products. This suggests that the products Cﬂjazﬂr and EHzgzﬂrBr
are both formed via excess kinetlc-energy processes.

We investigated for possible igotope effects between {n,y) and {(I.T.}-acti-
vated BEEI reactions in CHEBr by conmparing the total 32Er organic ylelda for
the twe nuclear processes ae & funetion of mele fraction additive., At zere
wcle fraction additive, the 82p, organic yield resulting from (n,y} activa-
tion wae 4.3 + 0.23, while that for (I,T.) activetion was 3.9 + 0.2%. The

organic yileld for each activetion process was 0 + 0.3% &t cne mole fraction
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additive. For the two processes there were ne real differences in the
organic yielda as a function of mole fraction additive.
In comwparing the total (I.T.)-activated Ezﬁr crganic ylelda for the

EHEBI + Brz systems at 200 and Y00 mm Hg pressure, we found no differences

within experimental errcr.

Several conclusilons ¢an be drawn from this study.

1. Within experimental errer, no isotope effect exlsts betwveen {n,y) and
(I.T)~actlvated Ezﬁr reactione with Gﬂaﬂr. Cur value for the total
{I.T.)=activaced azEr organic yield (3.9 + 0.2%) is significantly
lower than the value {(5.93%) reperted by Okamoto and Tachikawa.? A

posslble Teascn for thie diecrepency le that, 1in thelr preparation of

8. m BZBrm

Br systems, 80 to 0% of the decayed prior te thelr mixing

the anrm with Cﬂaﬁr. Correcting to zero decay c¢ould produce a aig-

nificant error in the resules. If an lsctope effect doea exist for
B0 82

Br and "“Br, it does not appear te be

48, 49

{I.T.J-activated reactions of

B8 large as supgested by previous reasulta.

Z. Both the (I.T.)-produced produces, Cﬂgazﬂr and CHJBZBrEr, seem to be

formed by excess kinetic—enervgy proceases., This could indicate that
there is no contributicn to the observed crganic yielda by thermal icn-

melecule reactions, The energetically favored charge exchange process

{CﬂjBr + Ezlr+ CH33r+ + aznr + 1.3 e.v.} supporte the contention that

thermal 323r+ iens 4o not contribute to the observed crganlc yiglds,

3. Preferential replacement of the EBr atom over the H atom in the EHSBr

82

molacule by the "hot" " “Br 1s similar to resulte found by Splcer and

31, 32 in "het" Cl and T reactions with halecarbons.

HWolfgang
4. Ho presaure efiect appears to exilst between 200 and 700 m Hpg for the

{I.T.)-activated Bzlit:: reaction with Eﬂaﬁr. Okanete and Tachikawa raported?
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a pregssure effect in systems contalning 5 cm Hg Br2 and 3 pressure

of CHBBr varying from 1.8 to 76.6 cm Hg. Their observed effect is

merely a result of varying Br, additlve concentraticn, amnd not a true

2
pressure effect. This type of effect has been reported previcusly

80, 3

in the reactions of (n,y)-actlvated "Br ~ with EH& and (1.T.)-activated

EEB: 2 reacticns with GH&.
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