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1
TECHNETIUM, THE FIRST SYHTHETIC ELEMENT

Edwerd A. Healy, B« S. '53

The number of chemicel
elementa now totel  ninety-
slght. Their discovery began

in prehistorlis timea and con=
tinues up to the presentb,

aomebtimes by lucky accldent,
but more often as the result
of long, tedious investiga-
tlonss By 1837, of the ninety

two elemsnts comprising the
clasalecal periocdlic table, only
the elements of gtomle number
43] Elj EE] E.nd =N 'Jfﬁre U=
Enown. Thess "miszsing" ele-
menta were the subjecet of ex-
tenalve research.

Saveral rules governing
the exlatence of isctopes and
iscbars had besen postulated by
Mettanch in the
One of these rulea stmtes that
atable lsoctopes of elementa of
odd atomiec numbsrs have odd
mass numbsers, e.g-, atable
isctopea of element number 43
would have _the mass numbers
g6, 2%, or 99.
stetes thet stable isobars of
neighboring elementa do not
exist, Since 1t waa known
that the elements of atomlic
numberz 42 (molybdenum) end
44 (ruthenium) included among
their stable lsotopes those of
mass numbers 85, 97, and 09,
it was congluded that any ex=
lsting isobars of element 43
would be pradiocactlve. What -
aver guantities of these 130~
topes may have exizted st one

time on earth would 'most probw
at=

gbly have decayad. Thua ,;
tempts to discuver glement 43
and the other "missing" ele-
ments ssemed limited to  syn-
thetic methoda.

Element 43 was arfifiui*
8lly produced 1in 1937 by two
Teallan scientiats, Ca Perriler

mid~1930"'4.

Another rule:

and Ea Ssgra, who later gave
it the neme technetiums These
men found thet when molybdenum

waS irredlsted with B8 Mev
deuterons, %two of the induced
redicactive producta wers

chemically separsble from all
of the other Ilmown elementa.
Thesse had half~lives of &2
daya end 80 dayse From the
metheld of productlion; Parrier
and 3egrs concluded that they

were lisolopes cf slement 43,

Az a reault of mess spac-
trograph measursments 1t was
found thet the radliocactive
materlel with the 90 dey half~-
1ife hed & mass munber of 97
and the material with the &2
day half=-life had g mass num-
ber of 95s Inotope 438% de~
cayed by dscmerlc trznsitlion
to 82 very long=lived ground
state, while isctope 438F ge~
cayed by orblital electron cap~
ture. The latter decay. pro-
ceas, also known as K=capturs,
consista in +the nucleus ab=-
acrbing a Kworblisl electron

which causes the neutraliza-
tion of a nuclsar. poaltive
charges Thia effect transe

forms the nuslsus intoc cne of
- atomic
not change the mass number of
the new nucleus. It might be
noted that XK+capture haa the
game effect as positron emia~-
sSion.

lower

The decay schemes of the
isctopes 4397 gnd 4326 are.re-

presented by the fellowing
egunations:

(1) 43%7(90a) = 43°" + ¥~
(2) 43%5(62d4) + _,e° = 42M0°®

(1) This srticle has been edited from & seminar gilven October

29, 1952.

number but doss
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Before Perrier and Ssgré
could study the chemical pro-
perties of technetlum, they
had %o devise & method for
separating the technstium from

the molybdenuw targeb. = They.

sucoeeded in this by dissolv-
ing the target in B-hydroxy-
gquineline.

Becguse they  had only
minute samples of the isotopes
of slement a3, Perrier and
Segrd encountered considerable
difficulty in dsbermining ths
properties of tacknetium.
They accompllished the task of
gbudying the chemistry of the
element by the tracar carrier
tagchnlcs The upper and lower
homologuesa of technetlium, man~
genese and rhenium were trled
as pozsible carriars. It was
found thaet rhenivm is & better
cearrisr of technebtlum tihan is
manganeae. Thus, it was con-
cluded that technebium 18
clogely related fto 1ts heavier
nomologue, rhenlums The fol-
lowing reactlions, which have
been carried out on the tracer
acale, wlll gerve to illus-
trate this fact.

+
(2} 2Re” (Tc ') + 7HgS =

e
Reg{Tcg)3, + 14H

: + ++ -
(¢) ma' " (Te™™) + 20m =

Mn{oH)lg + (Tu}+?

[

The symbol {Te) is used
in these squations to represat
tracer amounts of technetlum
tons. Reactlon {3) indilcates
that the rhenium gulfide sue~-
gessfully carries the techne=~
tium, whereas in reactlon {4)
we see that the Mn{OH); falls
to do =oe :

It has -alao been found
that the KRe0, (potassium psr-
rhenate) and CsReO, {ceslium
perrhenate) have succesafully

4

carried the Teo tracer but the
M0, has failed to do a30s
Nitron porrhenate has been
established as e guantitakive
carrier of technetium.

Methods of separating the
technetlum from ths rhenium
cariisras have &lap been de=-
veloped. One of these mothoda
Invalver g difference In sol-
ubility - of the heptasulfides
cf’ rhenium and tochnetiwm
Tca3, 1is scluble in HUL so-
lutions af cancentrationa
greater than 6 normal, while
RepS, remaina inselubla. Thus
by dissolvling the Tea58, Iin
concentrated HCL, ona. CAan
bring sbout an effectlve sepa-
ration of the two 2ubstances.
Two other methods of sgpa=-
ration have bDeen developed:
the voletilinatlon of tha
vhenium compound at 180%C. in
the prosence of HCL ges, and
the fractiomal crystalizatlon
of the perrhenate carrisrs.

In 1938, another isotope

‘of technetium was discovered

by Segré and G. Js Ssaborg of
the University of Celifornia.
This isgtope, 4.T0%%, was pro-
duced by the deutaron and
neutron bombardment of molyb-
donum in ths cyclobtron of E.
O« Lewrence, and wea obzerved
to have a half 1ife of . 8.8
hourse Segre and Seaborg
found . %thet  the new lsotope
alsc deceyed by iscomeric
transitlon te a lower energy
state with a half=-1ife of more
than 40 years. -

(5) 43({7c)”®(6.6 hra.} =
43 Te®® + ¥
since 1ts discovery, both

lzomeric states of the TceP
isotopa have been obaerved

(Continued on page 13)



PENICILLIN CEEMISTEY'

John Le Morico, A.B. 52

™n 1829 Professor Fleming, working at Oxford, accidentally
discovered penleillin. He Theppened to notlee that on an sgar
plate on which he wes ocultivating ataphylcoccl there grew e
.gresn mold, and arcund this meld the stephylcoocl coloniea were
dizsolving. Te this mold he gave the name Peniclllium notatum

: The unigqus chemo-therapeutie propertiea of this mold were
not discovered until 1940. The long irterim between the discove-
ery of the mold and ita therapeutic propsrties cen be traced to
the instgbility of peniecillin end the dlfficulty of producing 1t
in ebundances Even %that produced up until 1940, about two and

one=half grems, was only 30-40% pure.

Many groups of English echemiats, beoth acedemiec and 1rdust-
rial, begen to take part in the chemical investlgebtions of penl-
cilline. Profsascr Fleming and hia associates came o the Unlted
Stetes to formulate a program whereby the sclentists of both
countries might work btogether in investigating and producing
penicillin which now was nesded for casusltlisa of ware This
visit turned out favorably and.work was begun immedletely by
Amerlcen chemlcel firms. Iarge sogle predostion was soon in
DPTOErBSE.

It was found that there were a number of penloillins having
similer properties but differing in compositicne These possessed
g comuion niolens but differed In tho nature of the slde chelre
Aa occepted today there are two possible basic structures:

{CH4) Bf ‘~ CHGOOH and {CHgz) o€ --{I}HCDDH
]

oH GE —C0
| \
o o8

(®)

Tha penicilling are strong monoprotlc aclds withoubt basic
ETOURS. The signlficant peniclllin  gotivity 1s in the
,OgH3;,0,8Ng-portion of the molecule; thus &1l pendcillins show
the same qualitative action against microorganisms.. However,
. gquantitative differences in pobency depend upen the neture of
the radicale. The nomenclaturs depends &slsc wpon these side
chaln formulag, s.gs - -

Se

(1) This article was editod from a seminar delivered May 13, 1963
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‘Penteillin F) A% pentenyl Penicilline...s-CHyCHaCH=CHCHq-
Pavididin) 62 Pentenyl Penicilline.....CHzCH=CHCHaCH, =
dih?drcl FPene F} n—AIth"l Penlclllinesevecnnss 'CH;_:,GHHGHBGHBGHQ
(Penicillin X) n-Heptyl Penicillin...s.... CHa{CHg)sCHa-
{Ponicillin G} Benzyl Penicilline.ies.eneesCoHaOHpm |
{Penicillin X) p=Hydroxybenzyl Penicillin..HGGaHEGHE—

Attempts to extract penicillin from the mold culture with
water, aclds, bases, end divera orgenlc solvents showed that in~=
activation of various degrees occurred in most cesss. It was
shortly reslized that the stabllity of penicillin in squeocus
aplution was & function of pH. The veloclty of inactivatlon was
Inversely proportionsl to the hydrogen ion concentratlion st con-
stant =alt congentretion and conztant temperature. S0 by regu-
lating pH, the yield of penicillin could be inersased.

Yarious methodz have been used to produce peniciliin, and
at the present time three mstheoda are wldsely used. Ths first
method 1a surfece culture whereby the mold 1s grown on the sure
face. Tha seccnd i3 by & aubmerged culture in which penitillin
is developed within the medlum itselfs TIn this case it has bean
shown * thet amino acids increase the yields The third utilizes
sterile bran as the culture medliume.

Penicllilin 1s obtalned In the form of s highly purifled
barium ss8lt by repeated fractional cextractlon from emyl acetate
into water. After thils it s separasted chromstogrephlcally on
an elumlina colume. Even though many atbtempts have bson made to
aynthesize penicillin on a commerclal basls, all have-failed.

In the determinatiocn of the structurs, one of the flps:
diseoverles was that all the penicliliins, upon degradatlon,; wera
found to contain three sssentlal components: ({l)penlcillamine,
{2)an acylated amino aldehyds termed penilloaldehyde, and (3)one
molacule of carbon dloxida.

The firat product of degredetion cobtelned in crystalline
form weas penicillamins. It can be precipltated,; In form eof a
compleX; with HgaCly, from scid hydrolysstes of peniclllina from
solutions of alksell-inactivated penicillins. Decomposltion of
this complex yilelds +the ecrystalline hydrochlorides By X-ray
, enalysls, the molecular: formula CgH,,04N8 was assigned. Thus
thils part of the meolacule contalned the sulfur which hod prae
vliocusly been proved to be preszent by color reactions with sodium
nitroprusside and FeCly(-SH) reactionse

The Van Slyke method for deotermining smineo-nitrogen showed
that the nitrogen wes prosent in thls forme The hydrochlorids
of peniclllamino whon dilsseolved in acetone and evaporated to
dryness wlelds a crystallinoe derdvative which conteins nelbher
the =SH ner =NHg groups, but still hed the cmplrical formule,
CgHyg0NS« When this substance was hestsd with dillute ncld, ace=
tone was liberstod and the origingl compound was Togenerstcds
This suggeated that the sulfur and nitregen werc on adjacent
carbon atoms. There are two possible structures for thils com-
pound ;

{Continued on page 14)
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HIGH ENERGY PARTICLE ACCELERATCR3
Robert M. McLaughlin B. S. 153

why should sclence strive
to produece higher and higher
energles? The answsr to thia
gquestion lies in the deslre to
uncover  the secrets of the
microcosSns We camnot look et
atoma with conventional opti-
el instruments for the aim~-
ple reazon that the dimenzlons
of atom?, end sven lerge mole-
cules, &re many Llmes smaller
than the wave 1anﬁths of visi-
ble lighte To "see" them we
must resort to the uss of high
speed beams of partleles which
gccordlng to the de Broglilse
principle, will heve the de=
sired wave proportlea. The
higher the particle's momentum,
{or energy} ths shorter willlle
the wave length. o ,

with %the dlscévery angd
explanation of natural reédip=
actilvity around the beglnning
of +this century, a source of
high energy particies becems
gvallable. With these and
the previoualy discovered ca=
thode reys, many of the seaets
of molecular atructures -were
disclozsed. In 19219 Rutherford
obsgrved the firat nuolear
trensformatlion; and cthers soon
hecame interested in finding
what existed within ths atumiﬂ
COT e

Hatural. yedlosotlvity
gives vparticles of an cnergy
range of ebout 4 to 10 mew
This energy rroduces  wave
lengiha comparable -~ te the
diameter of the atomle nucleums
In corder to examine the foroces
active within the nucleus 1t-
self, 1t was necessary to pro-
duce particles of higher oncr-
glos. Even whare natural
energles were sadeqguate, the
supply of particles wes meager
and 1t was very dlfficult to
cbtain knowledge of  thelr
exact eénergy vaelues.  DPatter
Sources were needed. #id

The growth . of nuclear
regscarch hes <¢leoacly parale
loled the preductlon of more
and more energetie particle
accelerators. Esch jump In
energy has glven inmpstus o
new explorationsa. Today we
can reasch over tweo blliion
electron volis. In order to
explore atomlec binding forces,
the nzture of megons, ths
force fields of the elementary
partlclss etos, still higher
energles ars needede. Wa lmow
they are somehow attalnable
for they have been chserved in
cosmic radiation. Yet thlia ia
not 8 very practical source.

The TFirst successful ab
tempt at fashipning a machine
which would give high energy
particles of known velus was
mede by Cockeroft and Walton
in 1930« They develcped a
direct wvpltage aourcs which
congisted of an ingenious sys~-
tam for charging a number of
egndensers In parelisl and
dlzoharging them 1In serles,
the switehing belng . done by
vacuum tube rectifisras, ' The
high voliege thereby produced
was then applled between ths
glectrodcs of  an evacuated
accelergting tubs. The prac=
tiesl 1limit of such devieces is
a little over pne million
voltae. ] :

8f the ovther deviges of
this direct voltage type
thgt were tried, the most szuc-
cessful was, and still is, tho
Van Do Graaff generator devel-
cped in 1231 at M.T.Ts It
makes use of the prineiple
which states that when a charg
ia hrnught inte internal cone
tagt with a holiow conductor,
it 13 completgly transferred
¥c 1t no matter how high the
potontlale If 1t wore not for
insulation difficulties no



limit would ¢xlat Tor the
potentlal attalnable. However
the conductor cep must be sup~
ported somchow, and the insul-
ating abllity of tho supports
is E limiting fretor. A
charging belt recelvecs & nega~
tive charge from & transfiormer-

rectif'ier scurce by a corone
dlscharge spray.. The chargs
is carried up the high speed
belt gnd is bransfarred

through & slmilar arrangement
to the srherical caps This
builds up the potential throngh
the mechanical work done in
carrying - the charge to tho cap
ggalnst 'the electroatatiec re-
pulaieon of the chargss already
theres More recently the whds
unit has bgen reduced from its
original trsmondous size by
placing it within g pressurized
tank, thereby reducing losaes
through the breakdown of the
surrounding air. A maximum of
twelve meve hs8s been reachsd
by this machine. Tho  Van de
Graalff gensrator can - porform
a greater vericty of Jobs than
any other accelerators

The simple methoda used Wy
the machines described nbove
suffice to produce potentinlas
up to several mev only. To go
higher &2 new princlpls of
cparation wea neededs In 1931
Tawrence - and Slean built &
linear aceelerator which used
a8 modarats potential dif=-
ference tou give charged partie-

cles & serles of succosslve
klclka, thereby acegelerating -
theme Ions ars shot inte &

high vacuum down the axls of
& long row of cosxial

tubss. Tha tubes aro COn=
nected' alternately wlth one or
the other terminal of a high

frequency A.C. generator. When -

gn ien arrives at the first
gap between two tubes, the po-
tentiel diffcrence between than
produces a maximumm acceleora-
tion for the lone 4 certain
time 1s required to reach the
second gAle Meanwhile the
polarity is reverasd and, with

matel .

the proper tube lengths, ths
ion wlll always reach a gap abt
gptimum accelerating voltagas
The tube lengths mat increase
along the ion path, and mod-
ern high onergy machlnes of
thiz type using .microwave
technigues are limited, by the
impracticallty of tremendous
tubs lengbhs, to several hun-~
dred mev'se

A more practical approsch
to the problem was the cyclo=
tron of Lawrence and | Living~
gston, developed in 1832s This
apparatus gave the. particles
energy -boosts whlle held in &
curved path by a -  magnetio
fleld. Dsapite tho complexity
of the actual machine, its op~

erating princlples sre rather
simples The heart of the
eyclotron is pair of hollow

called

metal Eillhox halvas

"dees. They are supported in
an  evacusbted metal envelope
with theilr dlametrle edges
parallsl and slightly sepa~
rateds These dosa 4rs gcone
nected Yo the termlnels of an

ReFs alternating *voltege sup-
blys Insids the shlelding
does thora 1a * no eleotric
field, but in the gap beiween
them  tho field 1s dirscted
first toward once and then the
cthcre Thila whole unit 3Iis
placed botwsen the poles of a
huge clectromagnet whose uni-
form fleld 1s dircched per=
pendicular to the plane of the
docae An ion emitted from
the source into the gap l= ac~
celerated untll it snters the
glectrle Fleld-free dae with a
veloclty v Cnes within the
dee the magnetic fleld will
cause the chorgod particls to
move In a sireular path whoss
radius 1 directly proporr
tional to the velocilty of tho
particlc.

Suppese  that the alter=
noting voltage i1s applied ga-
f ocrpss the gap in such phase

{Gontinued on poge 15)
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AUTOMOT IVE ANDIFREEZES

Wwilliam Es+ Flynn 54

The combustlon of the
fuel u=ed In aubomoblle
engines 1s actompenied by the
generstion of large smounta of
hesat, approximately 45
milllon caloriss per gellone
If this heet wors not rapldly
gissipated, few known mater-
ials could withstend 1it, and
therefore & cooling system
has besn Introduced inte the
enginos 3uch a system gener-
ally clrculates a fluid which
oopls the engine and is itaclf
coclad in the rediabtore.

Becguze of l1ts low via=-
goalty, high heat conductivity
and low cost, wabter is commonly
uzed as g coplanta However,
its high freezing point is a
severe disadvantage. B3ince ne
better low=-coa% coplant  has
been found, substances known
aa antifroezes are added to
woter {to lower its freezing
polnt end enable it to . func=-

tion s a coolant st low temp~

grpturass

The perfect antifresze,
if 1% did exist, wonld be a
truly remarkable substoncs.
It would be a waber-soluble
compound of low molcéular
weight sand as such would pro-
vide protection in all elim-
atea. T would * be a2 chem=
f1celly stable, non-corrosive,
s0lid non=-¢lectrolyte which
would mnot foam whon agitated
In the presence of small
amounts of alr, and hence wald
not ceuse damage to thse cool=
ing aystem nor cause excesslve
losses of coclant during oper-
ation. Solutiocns would lhava
low viscosity and high specel-
fic heat and heat conductivity
g0 that the operatlion of the
coolant would not be impalred.

The sultabllity of &n
actual antifreeze 1s deter-
mined not only by the proper-
tiza of 1its principsl com~-

ponent but also by the pro-

pertles lmperted to 1t by the
additlon of certain modifying
agentas. The corrosive pro-
perties of antifreezs aolu=-
tlons, for example, arc re-
duced by the addition of sult-
able inhibitors.

In the coolling system of
moat sutomobilez an ldeal aite
uation Tor electrochemical
corrosion oxists. Four or
morsz metals, compeosed of at
least five elemonts arc in
contact with cach othor and
with a liguld coolante. Accord-
ing to 5peller, approclablc
corrosion  takcs place only 1f
the polarizing film of hydro=-
gen atpms preduced by the re=-
action of tho metal with the
hydrogen - lons of the solutlon
iz removed by Some . meands
Loarge amountz of dinsol vad
oxygen angd entrapped air are
present in almost every cool-
ing system, dus to minute alir
lenks ond the egitatlon of the
soolant In  the alr space at
the top of the redliator.
Under the noutral or alightly
elknline conditlons nermally
found in antilfresze spolutions,
the otomle hydrogen 1s oxli-
dized to water and corrosion
procecda at a ropid rate.

Chromaotes have been found
useful as corrosion Inhibe
itors. It is believed that o
gelatlnous complex hydrated

“oxide, contelining both diron

and trivelent chromlum pro-
vides protectlon for the aur=
faoccs of certoin metnls. How=
gver, chromates do not effect-

{1) This article has buen edited from a sominar given -on March 12,

1953,



ivaely proteect aluminume. Some
substancea that protect one or
mere metala moy nbtack other
metals found 1n  the cooling
- aystem, thereroreﬂ 1t 1s often
necesaary to add "en inhlbitor
to inhibit an inhibitor."
Complete Iinformetlion on anti-
freczo inhibitors 1is not
ovallable bocause these inhib
itors are the malin points of
commerelial compatition.

Moat comnersial

freezos arse elther oloohol or
glycol socolutionss: The alco-
hels commonly wuased a3 baseg

for aontifreczes are methyl,
athyl, and lsopropyl, tho high-
er alecchols being unsatlafac-

tory due to  thelr  highor
molecular weightsa
The advantages of nlco+

hols as antifreezcs are thelr
low moleculor waights, com=~
plete solubllity ond reascon~
~able price. 1In addition; they
can be enslly Aohikited so
thet no corrpsion to motals or
demage to the rediator heose
results from thelr use.
main dissdvantage 1s thelr
high voletility =and flamebile-
itys Methaznol 1is the most
satisfactory alcchol for use
gg an antifrcere, but 1t has
the disadvantags of
highly toxica

The two main glycols on
the morket as antifrcecgzes ere
athylene glycol and propylene
glycols The glycols are high-

boiling or permansnt antle
Treegea. The princlpal reascn
for the extremo permanence of

glycol antifrcere solutlons
ls thelr low vapor pressuro in
dilute nqueous sclutionse The
high bolling polnt of " the gly=-
cols cmuaes the vapor pressuro
ratio to be low at 100-108°C.
The wvapors from these solu~
tiona contain woter with prace=
tically no glycol. Az a ro-
ault of this, tho sclution be-
comes more concontrated with
respect to glycol end possesg-

" es 2

anti-

Thelr .

baing |

10e

lower freoczing point
aftcr extonded heatings
Addition of waber oractleally
restores the solublon to its
orliginal strength. tn  %he
other hamd, the vapors from
the bolllng soclution of the
lower mlechols contaln largse
parcentagea of slochol and aa
a reosult the concentration of
the beiling soclution with re-
spact to aleoheol gulickly
dropaa This. means that anti-
froeze =olutiong of alcohol
bocome woakey through use with
o resulting rilse in the freez-
ing polnt.

Tha maln disedvantoage of
glycols othor than thelr high-
er coat 1s alight shrinkage of
radiaotor hesca which causes
sarious damoge 1f loakago into
¢ylindor or crank casc ocouras

1
Many obther matorials bee

gidea. those already mentlioned
have beon trled as antl~
froezes. Heney and SUgaErs

voere Tound unsetisfactory be-
canse of poor  freezling polnt
depressions, inatabiliity +to
hoat, and the hlgh viscosity
ef thelr solutlonks Glycorine
solutlons wore onco vory popu-
lar as covlants but they were
found %o boe correslve in act-
ual scrvice; Incopablo of be-
Ing . 4inhibited, and rathor
vizepuss Inorgaonic galts have
beon tricd as antifreczes but
their corroaiveo propertics
cannot resdlly be inhibiltods

Recently fternary syatems
heve appeared on  the markoeb
Since mothanol and ethylenc
glycel aore "two of tho most
wldely wused antifreozes it
would seem that an ontifreozs
of superior gualilties might be
devolopod by combining +tho
two. The wnse of @ methanol
would leowor %theo cost and tho
glycol would lowst tho vola~
tility of the mothanols Both
methanol  and glyecol produco
only small ingrgases in wls-

(Continucd on page 17%)
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With the advent of radlo-
active tracer methods 1t has
become reclabively cegy to
study 1sotoplc exchange rsac-
tions. Such reactions may be
definced as procosscs in which
isotopes of an element Inter=
change beftween atoma of the
‘element as they arc found 1n
various molecular statea or
lonic associatlons, e«.g.

L ® -
1} ROl + €1 = ROl + Cl

Three pozsible mechanisms
for 1sotople exchengs have
been propposed -»- B dissocla=
tien mechanism, an electron
transfer mecheniam and an atom
transfer mechanisme

The first of these, the
diasccintion mechaniam, wa g
offered by Cooley and Yeostl
as an explanatlon of the ex-
changs between 8 and 8.,C1lp
They postulated a reveralble
dissocletion of ono reactant
to give s produet which rapid-
ly exchanges with the second
reactont. Since rosetlon (2)

® F
2) 8y =8z + =g

2 *

3) S+ Sz0lg= 85 Clg + Sg

13 the slow step, ond thus the
reate determining step, ths
rete of the reaction follows &
first order rate laws

4 r = kl8,)

The g leactron tronsfer
machenism 1s mores involwed.
It assumes that the transition
state which iz formed decom-
posos, &and one or more eslooe
trong are trenefcrred from one
reactant to ancther effecting
the exchanga. Evidence for
this type of mechanism was
offered by Dodson in his work
on’ the farrous-ferric ax=
- change®. ' :

| common type

There arc a npumbor of
factors which affect the rate
of an exchange reactlion invol-
ving slectron transfere. The
more Important of these fac-
tors are the binding energy,
the elactroastatlie echaorge on
tha specles, and the similari-
ty in atructure of the rcact-
ents. One would aoxpect & aub-
atance wlth low binding energy,
low potential.  barrier and
large angular mementum to have
the electrons far removed from
the nueclesus and thos bs pronc
to electron transfene.

The factcor affecting the
Tate of elsctron transfor
which affords tho meat inter=
eating study ia that concerned
wlth the aimilarlty in struc-
turs of the specics. This ip-
volves the Frank-Condon prin-
cliple which assumcs thet eleo
tron transiticons are very rap-
1d compared to the motlon of
the nuclei. Thercefore, 1t 13
more probgble that a trena-
lticn will result 1f no change
In the position of the nmucled
pccurse It is assumed that in
an  slectron transition in =
molecyle, the nuclel do not
apprecicsbly  altsr their rel-
gtive positiona. Thus orne
mlght cxpect ths probability
of slectron transfer %o be
small if the structures of the
reacting specles differ appre~
ciobly from one znothar, in
the caao of "silmple 1ons hy =
drated to different degress, o
of complex lons of the same
compoaition but of different
bond type, one would not ox-
pect cloctron transfer to oco=
ClUYre

Atom tronsfer is the most
of exchange mache

anisme It is believed that a
transition state is formod,
the decomposition of which



reaults in the tranaferring of

one or mors ctoms from one spe-
cles to ancther. The exchengs

between the holide ion and ore-

ganiec halidea a3 well aas the

exchange between the hallde Im

and molocular halogon aro of

the atom transfer btype.

The wuse of radlipactlve
igsotopes facllitates the atudy
of the kinetles of exchango
reactlons. The ratec of ra-
actlon 1s calculated from the
"alf~time", tho +$ime necea-
sary for one half the amount of
radloactive materlial orig-
inally present as a reactant
to appear as a product of the
regcetlone It has been shown
that the appearance of the
radloactive atoms In the 1in-
1tlally untagged reachtant
followa a simple oxponcen-
tigl law:

R i k{A}&(B}b ""(J}j

where. {4Y, (B)...»{J) are the
goncentrations of the roacting
specloas Thils law  is oboyed
regardless of the mechanlsm of
reaction by which the cxchange
QccuUrss :

- The value of a can bg de-
terminad by holding {&)««-«(J)
constant and plotilng log (A)
against log r» Once this pro-
cedurc has been repcated wilth
eaeh rcactant the ordor of the
reaction {tho number of ntoms
or moleculce whosc concentraw~
tions detormine the rate of
tho reactions) will be’ Enown.
3inco the ordor of 2 reaction
ls determinsd by the slowest
step 1n the mechanlsm of the
reaction, 1t 1is possible to
custom~build a mechenism which
will fit the order obtalncd
from exporiment. The stops in
this procedure will be clarl-
fied by the consideration of a
spccisal casey the icdine-lodam
exchange reaction.

+ - & -
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The carllest work on this
reactlon was performed by Hull
Shiflett and Lind using mass
isotopes. Theoy found that 8
partial exchangs was progduced
in 20 N Hg80, but offered 1o
posaible mechanlsm for the re-
gctlon, morely suggesting that
the sxchange occured by way of
an oxidation-reduction reag-
tions

In 1949, Meyers and Kennw
edy conducted cxpariments upe
ing radioactive lodine (1231}
witn the alm of establishing
the mechanism of the exchange
by detormining the depondence
of the rate of exchange on
tho concentrations of lodine,
iodate ion and hydrogsn lon.

Meyers and Koennedy uspd
high and low spscifilc gotlive-
1ties of’ radicactivity *to
verify the assumptlon that the
exchange 1s not alffected by’
roadloactivity. They “desmon-
gtrated, by verying the ratioe
of surface to volume that %there
was no heterogenecus exchange
at glass surfaces for hydrogen
ion concentrations as high as
ene normzla They alsc demons
strated, by obtalning dupll-
cate results in both  total
darkness and light of high in-
tensity, that there was no
photochemleally induced chames
Furthermore, they proved that
thore wos no net chemical re-
action during exchange.

Thc © cxpresajon of the
mass action law with regard
te +the concentraticns of ig=-
ding, leodate lon and hydrogen
lon-1s:

m —'n
Y. i pmeede( Ta) BI040 wat BT
gg malntaining {103"}
and {H™) constant, the depen-
dence off tha rote of regc~

tion on (Ig) was studied and
the waluc of m was found te be
(=60 x Oa0de Meyors and Konne=

cdy procesded to appl the
(Continued on pag%pig}
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(Continued from page 4]

among the flasion productz of
uranivm, and the hzlf-life of
thie more stable isomer hss an
accepted valus of @.4 x 10°
FEars.

Me G« Inghram -&and co-
workers have recently reported
a mass spectrometrlc study of
isotope Te®8, -using mereuric
gompounds 82 staendards. Sam-—
ples of NH,TeG, were distilled
into & NHler-type spectrometer
and the reseclved ion currents
ware recorded by meens of s
vibrating reed electrometer.
The curve representing the re-
solved lﬂn surrenta of Hg
and Te'" showsd an increase
‘at mass number 99 over the
value obtained from Hg'talona.
Thls evidence confirmed the
maezs assignment of 99 gliven to
the technetium isctope by Segrd
and Seaborgs. The lower energy
isomer of 43T6?? hes recently
been found Lo exist 1In mecro=-
gcopic eamounts emong the pro-
ducts of the slow neutron In-
duced fisslion of uranium. | It
has been determined thai a
uranium pile operating at =&
power level of 10% ° killowebts
would produce four grams of
Tese par days

In 1248 Ss Fried reported
that he had successfully iso=~
lated oure technetium metals
One of the adventages derived
rom the mHEcroscoplc isolation
of technetium wma the fact
that it enebled the physlicel
properties of the element to
be atudieds TegS,; when pre-
cipliteted from 4M H,30, 1s
derk brown and very insnluhlep
The pertechnetate lon, Tel.>
88 well a3 technetium oxide
heve baen found to be pink,

the latter being volatile at

200°C.

13,

X=ray diffrzciion studias

'of téchnetium metazl by R. Moo~

ney have shown 1t %o heve
cloas=packed  hexesgonal ar-
re& ngements The density of
the metal, based on the Tcew

" lsotope, was found to be 11.4G

It 18 well +to neote that
the resulta of  macroscopie
gtudies of technetlum heve not
contradictsd any of the
earlisr work of Perrler and
Segre although they have fur-
nished additional information
regarding the element. These
studles have deflnitely satab-
lished the fact that technetimm
has multiple oxldatlon atatess
Thessa Include ths +2, +4, +5H,

. +6, #+7, and prcbahly tha -1

atatom.

The discovery of tech-
netlum by synthetic methods
apened a new fleld of investi-
gatlon for research. Since
1238, nine pther elements have
been artiflcially produceda
Included among these are the
elements of gtomic numbers 61
{promethium), 85 (amatating),
and 8% (francium), sa well as
the slx . transuranium elements.
There 1ls good reason to be=

lieve that other slemsnts will

be discovered by artiflciel

“means in the negr future. Glam

Je Beaborg of the University
¢f Callifornia hes recently pro-
dicted that elements of atomic
numbers 99~103 and 105 wlll be
of the rare-sarth type and that
number 104 will be similer in
chemig¢al properties to hefnlum
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Peniclllin-
[ Continted from page 6)
CH,O0HoCH -~ CHOOOH (CHa) 20 — CHCOOH
or
SH NH, SE MH,

It wasz proven to bBe the latter through tho synthesis of penicil—
lamine by Abraham, Bakcr, Chaln, fornforth and Robinson.

The determlnation of the reat of the structure was moro
compliceted, sinco the peniclllins gave different penilloslda=-
hydosa In England the flrat penilloaldshydsc to bo lsolated waa
denived from paPpentenyl penicililin. Elementary  analyais and
doterminatlion of molecular welght by crystallographic x-ray
measuraments indicated the moleculsr formula to be CgH,a0:N. By
the Van Slyke method, nitrogen was found to be presont za ef{e-ni-
trogen. Meanwhile; Amerlcen chemists had alse been oble to
obtein & penilioanldohyde with & meleculnr formula CipH; 10N
By oxldation with =ilwver oxlde the corresponding meid was ob-
talned, ©C1gH110sN. Assuming that this scid contained phenyl-
acetic acld and a poptide linkage, 1t was deduced that ita
- atrueture could only be phenylacetylglycine, and the penliilo-
gldehyde would thorefore be phenyl aestylaminoacetaldshyde.
In e corrosponding way theo acid deriving from the Britlsh penil-
loaldehyds wea found to be hexenoyl aminecacetaldshydee TLater
the other penilloaldshydes wers 1soclated from natural penicil-
lins and their cmplrlical formulasy suggested the two structures
now commonliy useds

Despite the fact that & commercially practicable synthetic
procsss hes nobk yet been developed, the supply of penicillin has
becn adequate = more than encugh fo satl=sfy both the miiltery
and +the civilisn demand throughout the worid. Now that world
War II i3 over, we can look back objcctlwvely and thank God for
penicillin, the saver of countless lives during the time of war,
which now continues to beneflt mankind in pcace, timo.
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THIS HAPPEMNED AT YALE

Aaked on n axamination to discuss the sources of srror, an
undergraduate student in a coursec in volumctrlie onalysis  bogan:
- "Phe sources of error in volumetric nnalysis arc of two kinds.
Ones that nﬂn‘t be helpecd (accideontal) and ones that can be helped
{deliberote}.’



High Energy Particle Accelerators

{Continned from page B

that 1t has reversed when the
jon reenters it. IL will bhen
be acecelerated 1in to tho op=-
posite deoy wheIs it  will
travol at & highor veloclty
and  therofore in & largor
radiuss . If tho voltage 1s
kept  1n phase with the ar-
rival of the asplrgling icna,
largoe onergies are produced
by a sorlos of such kicks. It
is found thaet the ngcesaary
phase reversal froquoncy is
independent of the veloclty and
the cnergy of the particle and
thoerefore 1s conatants This
is the koy %o the successful
oporation of tho cyclotrom. 4
typleal oporeting frocquency ls
of the ordor of 10 mcgacycles.

The enorgy of a particle
in a given orbit iz dependent
only on lts mass. Alpha par-
ticles or deutcrons are usu-
ally usede A cyclotron cannot
be used Lo accolerate gloc=-
tropes or sven protons to alzes
gble encrgles becomuse of  the
raletivistlic lnerceso in mass

involved. This increase would .

couso them to fall out of step
with the alternating voltages..
The highsst encrgy
with the simple cyclotron %o
date is obout 100 Mev.

Above this wvaluo even the
heaviest particles show - raln-
tiviatic mmss effccha, and
saveral attomptas have been
made to overcome thls impassoe

A non=uniform ficld has beon

trisd along with higher doe
volbages. The best solution,
howover, wes rcached by vary-
ing the  freguency in pro-
portion to the change in masse
Thls freguency modulatlon pro-
duced whot 1z lmown a5 the
arnchro~ecyolotron, a device
which has reached lon encrglea
of 400 meve

roached

‘the principlas
“eyelstron and  the

15

The firast accelerator
which made possible high speed
glegtrons, the betatron, was
develeped in 1541 by Kerst. A
large variable elsciromagnet
aervea A double DUTpROSSe
While holding electrona clrou-~
lating in a uniform orbit in
g doughnut shaped vacuum tube,
i% erlso Induces an nccelers
ating emf's by means of the
chenge Iin flux through  the
doughnut tubes By maintaining
the proper relatlonahip bew~
tween %tThe magnituds of the
fileld &and 1ts chenge rate, the
inorease In electronle masgs ia
compensated fore The veloclty
acquired 1s so great than an
electron  may make 250,000
revolutions while the fleld 1a
increasing from zero to ika
mexirum value. During  each
revolution. a potential aceel-
eration, egulvalent to thst
wiich wowld be produced by the
seme flux chenge in & one turn
coll the sasme dlameter as the
orbit, .is  =pplied to the
moving particles (about 400
volts}e. BSince the totzl gailn
of the multiple revolutions is
ecguired by the electrons in
legs then one cycle of the
varylng magnetle field, no

- phase difficulties |, develop.

Mear the end of the cycle the
magnet Dbecomesa satureatsd at
its center, =snd the elesctrons
splral inward  striking the
terget which ia placed ai the
inner wall of the doughnut
tube. Employing the betaztron,
a maximum of 250 mev has been
reached for elescirons.

The synchrotron combines
of both the
betatrons.
Steble orbits are produced by
varying the magnetic field
properly, whlle +the acceler-
ations are produced by alter=~
nating voltage pulses ns sim=-
ployed in the  synchro-cyclo-
trona Because the huge total
flux reguirements ars no
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longer necessary the whole atraying is reduced by the

mass of the msgnet can be shepe of the peoles, but hor-
concentrated at  the orblt. izontal Wbalance 1id delicatbes
With & comparsble total mass A tentative design to control
of magnetic material, mueh this undesirable charecteria=-
larger orblts, hence highsr tic consists of & serisa of
velocities, ere poaslibls.. Ex- (=shaped, strong=-focusing
emples of this type machine magnets pround the loop rather
are the 2.3 beve Cosmotron at than one large single magnet.
Brocokhaven Hetlicnal Laboratory wlth such a seft up, a much
and  the Bevatron  at the smaller channsl and magnet
University of Callfornia which could be employed. Also, a
is sxpected %0 reach %the € klck could ©Te given to the
beve level. partlicles sl each of @ 300

' . gaps 1n the clrele rather than

What of still higher ener- just ones fhe Cosmotron's
glez? The problem would asesm diameter is 75 fest, while the
to be one of reducing still strong fceus synchrotron would
further +the mass of megnetic have a fantpstic 2300 foot
material per unit length of ringe Wzny problems such as
orblt. Weé have menticned the unliform bsemperabtire controls,
Cosmotron orbit ag being con- frequency synchronizatlon,
stant. Actually; to allow for powar aconomy =tc. mast be
the straying produced by gas first solved, but the one hun~
moleculs colllisions or fluce dresd beve energy level is al-
tuatlions 1n voltages or fre- . ready in sight.

quencys the Cosmotron pipe is
seven by thirty-slx Inches in s
greo8s sactions Vertical
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THE CHEMIST 'S WIFE SPRAKS :

My husband's lgb work trains him right;
His houszwork's to my wishes.

From sll the training at his job;

Hels good at washing dishes

Sidnecy Be Ormarn:
Co nd B Nows



Ancirrceczos
fontinucd from eld

coslty whon esddod Lo water and
hence permlt neasrly  normal
redintor circulotich and hoat
transfere TUnfortunatoly, when
theso two compounds aro cou-
bined, +their disadvantages &3
woll cs advantages are alao
impartcd to tho reaultant
golution ond thoe fternary sya-
toms tried do not appoar aup-

earior to the better binary
gystoms.
Nethanol-woter and

cthylone glycol-wator systoms
sgem to be the best, although
neithor possessea  all the

nrnperties of an Yidesl anti-
froaazce" I sclectling betwoon

the two, one should taks into
conglderation the cenditions
under which the automobile is
to be uaeds- For average pas-
senger cer service, it 1s pos-
sible to use elther. For
heavier duty, prolonged I1dling,
or operation at high altitudcs
a high boiling - antifreoze,
ethylene glyecol, 1is usunlly

17a

considered preferable. In &
locality where high tompora-
turca oz well as low tompora=-
turca are to be cxpected tho
high Dbolling - glyeocl 1is pre=

grrods In older auntomobilas
whorg there may be danger of
lenks inte the crankeaso an
alcohal 1= preforrods. in
older automoblles equippcd
with hot air heaters and whero
there are possibllitics of
lepks, methyl aleochol should
be ovolidads ;

An  important asource of
guidonee in  the selection of
thc proper antifreaze 1z the

“"ownerls manual" provided by

- automobile monufoctures, for

it tokos into sceount the ape-
cifle requlremcnts of a partl-
cular cﬂuling aystomes Come
plete ‘informatlon concorring
the propertlics and Uuse of
valrcus commoreial antifreszes
can bo found In Nationnl Bu-
ren of Stenderda Clroular 506.
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I MAKES SCENTS

- Why recks the goat
on yonder hill
Who scoms Lo dote

On ehlorophyll®

Richard Armour
C.« and E. HNews
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Kinetiec of the Iodins
(Continued from pags 12)

gama method to determine the This indicates a gixth
dependence of  the reactlon order resction with respect to
rete on the hydrogen ion con- I*, I0a", and HY. It wes found
centrations The value of p was that 4f any negative ion (A7)
found to e 1.83 + D+05. ather than T0,T were preaent
the 1pdate depsndence was re-
Mayars and Kennedy - -duced. and the rate of reaction
reasonsd that the icdete ion was dependent on the concen~
dependence could be determined tration of AT in such a mamner
by obtaining the iodlc acid that the following = relatlon
{HIOs) dopondenco using held:
the same procedurs and sub- A
tracting the lmown hydrogen ion 14) = kT {I0," M {A7){(H )3
dependence { 1«83} from the 1 '
iodie seid wvalue obtalned. It The oversll reactlon mech
was found necessary, ‘however, anism offered by Meyers and
to take into mccount the mean Eennedy to fit thils result was
petilvity coefficlent and the | "
degree of lonization of the &) T0,” + 2HT +- 47 = IO A +HpO
iodie geld =o that the guran~- o i
tity meotuslly plotied againsd by IV .+ Bt = gt a1
log r wes log +oC{HICa)s The e e i
value obtained for n was e} I0g & + H I = {(HIgOz4) =
1.80 + 0.02 so that the ex- I*0," + T + H+a~
pression of the rate law be- -
comes i I P 4HY +31° = 215 + BH,0
$] - k{IEJD'E{IDa }l.E[H+}1-E ) If o T
Meyers eand EKennedy were
,In order to interpret ablec to wostulate the formation
this' result, 1t wes assumed, of the I0,T ilon by comparing
thet the exchange occcurs LY iodic zid to nitric ascld which
way of the lodide-lodate re- had been shown to Form the NOF
actions : icn * in ths presence of gtrong
jas x - + acids.
29} 517 + I 0y + 6H =
I IT + 3Hgo Reacticons a and b are
rapid, reversible, egquilibrium
The squation ftr the esqul- reactlons. Edquatlion ¢ repre-
librium conatant of this re- sents the orate determining
~action wms set up and aolved step while equaticns d end g
for the iodine concentrabiom. indicate rapid follow up re-
I.)° "actionz. It will bc noted that
10) Keq. = {Is the reactants of oguations g

{178 {10,7) (E'}° and b are the substances repre-
y ; i B N A T sented in eguation 8, while
I1) {Iur = K(IT)FI0s }¥ (A7) the products of these ve-
o - e +.1.¢ Actions arc the reactants of

12) {I5)"° = (I (T05 ) " 2(1") egquation c. Therefore, since
equation ¢ regulates the over~

-

By substituting. equatieon all exchange, the suggested
12} into that of the rate law mechanism 1s in agreement wlith
a), we obtains the cxperimentally determined,

- rato expression (14).
13) © =k(I7) (105 ) (1?3



It mey be cheerved .bhat
eguatlon g represents the
tranafer two electrons from
the I~ 1on to the I0g" iona
_ Thig tranafer occurs witlle
. both of these iona are in the
form of Ion-pajrs.

19.

The work of Meyers and
Kennedy does not and the need
for study of the lodinssicdste
exchange reacticon for iLheras
are many challenging gquestions
yet toc be znswered.
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The chemiat ia a risky man °
Explosions gre within hia apan

Of many odora doés he resk
The atrangest language doces he speak

Teat tubes, beskers, flasaks, and funnels
Liguids flowing through tubess and tunnels

Poticona bolling on the bench
Christopher Columbusl What = atench

A Tlgsk emitting clouda of amoke
Yot there he stands gnd does not choke

Hia BaSs, MuaS., and PheDs
Arc proff of his insanity

Yot show no scorn whatcver you do
1Consc he con make an ash of you

And if you ahould a chemist bo
Dear sir, you have my sympathy

Rlchard ‘Beandet 153
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