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OFFICE OF NAVAL RES EARCH
London

EUROPEAN SCIENTIFIC NOTES

15 September 1954 No. 8 - 18

ThE GLASGOW C ONFERENCE ON NW LEAR PHYS 1CS

The i n t e r n a t i o n a l  Un i on of Pure and Appl ied  Physics
toge ther wi th UNESCO spons ored the i n t e r n a t i o n a l  C onference
on Nuc lea r  Physics  a t  the U n i v e r s i t y  of Glasgow on 13 — 17

• Ju ly  1954. Th is C onference was a t tended  by about 270 dele-
gates and was organized by the Department of Natural Philoso-
phy of the University of Glasgow under the direction of Prof.
P. I. Dee . The subjects discussed at the Conference inc luded
mos t of the active fields of nuclear physics wi th pr inc ipal
sessions on nucleon scattering , nuclear s t a tes , the ore t ical
nuclear  models , beta and gamma ray t r a n s i t i o n s, ir mes ons
(both experiment and theory), an d a conclu d ing sess i on on
heavy mesorts and hyperons. Two groups of parallel sessions
were al so hel d on spec ial i zed top ics such as photo di sin te-
g r a t i on, field theory, detailed meson theory, hiah ener gy
experimental techniques. etc.

Drs. J. R. Holt and K. W. Allen from the University
of Liverpool repor ted on some recent results ob tained wi th
deuteron str ipping . One repor t concerned the results on the
(d,n) react ion obtaine d wi th a new fas t neutron spectrome ter
based on the time of flight of the secondary electrons pro-
duced in the ionization chamber. An interesting comparison
for seven of the analog states of the two nuclei p29 and Si29
was obtained in this way.

Another exper iment which they reported is of inter-
est because it shows the applicability of a new technique
Involving the angular correlation between the nucleon product
of the stripping reaction and the succeeding gamma ray from
the produc t nuc1eu~ in Its excited sta te. The example used
was Si28(d,p) ~~Z9 (r) Si29 which for the ordinary stripping
investigation yields a curve with a maximum at 3Q0 to the
incident deuter on corresponding to the captur e of neutrons
with angular momentum ,

~~~~~~ 
= 2 yielding the state at 1.28 Mev.
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d3 d2s ds2 s3

~l9 89 1 10 -

£19 %+ 63 12 25 —

£19 %+ 65 13 22 -

£19 *+ 12 59 - 29

The same methods were app l i ed  to the nucleus £18
w i t h  the r e s u l t  tha t  for  V0<30 Mev the predic ted  ground
s ta t e  fo r  th i s  nucleus would have J 5 wh i l e  f or V0)30 Mev
i t  would have J = 0 ( e x p e r i m e n t a l l y  J = 0 ) .  F ina l ly ,  a
predicted leve l diagram for  the nucleus 018 was presented,
showing the even par i ty sta tes only, and employing
V0 = 45 Mev. This is shown in the f o l l o w i n g  f i g u r e .

J = 3  _ _ _ _ _ _ _ _ _ _ _  4.5 Mev

2 _________________

4 _ _ _ _ _ _ _ _

0 _ _ _ _ _

2 _ _ _ _ _ _ _ _ _ _ _

0 _ _ _ _ _ _ _ _ _ _  0 Mev

~18

Dr.  A. H.  Waps tr a of Amsterdam repor ted s ome work
done at  Uppsala and S tockholm on isomer ic s ta tes in lead
and thallium . Among other i tems he showed a table of the

• energies of the first two excited states in the odd isotopes
of thallium relative to the ground state s±.

Ti Z03 
— 

201 
- 
199 197

d.~. 679 key 692 722 774

279 331 367 386

0 0 
- 

0 0
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This table shows an Interesting progression In the energies 
(

of the two exc i ted s ta tes  as p a i r s  of neut r ons are removed.

Fur ther d e t a i l s  of th is  C onference are given in
Technical Repor t ONRL—72—54. The comple te pr oceedings will
be publ i shed  by the Pergamon Press L td . ,  L ondon . (
1NDWED LATT 1CE CHANGE IN PHOS P1-IORUS

Dr .  1-i . Krebs of the Chemical  I n s t i t u t e, Univers i ty
of- B onn , has been able to pr oduce black phosphorus f rom
ye l low phosphor us wi thout  the use of h i g h  pressure .  Mercur y
serve s as the cata lys t and temperatures  in the neighborhood
of 380°C are  r equ i r ed .  The ma t e r i a l s  are sealed in a glass
tube in an I ne r t  atmosphere , such as n i t r ogen , care being
taken to use enoug h mercury to a l l ow  fo r  v a p o r i z a t i o n . The

-
• mercury mus t be wel l  d i spersed  to pr ovide sui’f Ic lent surface

area.  For small  q u a n t i t i e s  of .  the order of a gr am it  is
necessary only to shake the tub e to break up the mercury in-
to a large number of very small globules. For larger quan-
t i t i e s  some other me th od is r equ i r ed , as fo r  example the
int r od uc t i on  of a number 01’ sma l l  c opper—pla ted  i r o n  wi res ,
so tha t the mercury w i l l  f orm an amalgam on the w i r e  surface .

• Of ten there  is tr ouble w i t h  the f o r m a t i o n  of red phosphor us
if I n s u f fi c i e n t  f i n e l y  d iv ided  mercury is used o’ if the
changes are too slow. A small amount of black p.~osphorus
Intr oduced with the origina l ma terials apparently insures
agains t this.

An explanation of the phenomenon is pr ovided in
• terms of the binding forces and lattice structure in phos-

phorus and the desired asymmetry in the structure introduced
by coherency wi th a me tallic surface. A full account of the
work is beirg published in Die Naturwlssenschaf ten in the
near future. Krebs ’ work on the influence of directiona l
forces associate d wi th elec tron valence configurations on

• the formation of specific lattice types was summarized in
ESN 7, 245 (1953).

S TAB iLl ZAT1 ON OF FREE ATOMS AND RAD ICALS

A variety of int erest ing new results  have been
ob tained by Dr. 0. Por ter and his collaborator s (Cambridge)
dur ing the p-~st year concerning the stabilization and thespec tra of free radicals and of molecules in exci ted states.
Since Dr. Por ter will give a comprehens ive review of this
work at the New York meeting of the American Chemical
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Soc iety, only a few of the mos t in tere s t ing resu lts w i l l  be
b r i e f l y  ment ioned  here .

Perhaps the mos t notewor thy are the results ob tain-
ed using extreme ly simple substances and techn i ques , wh ich
in di cate  that  the si mp le s t a lky l r adi cals  can pro bab ly be
ma inta i ne d in a s ta b le form for  a lon g t ime un der su i ta b le
conditions. Af ter irradiating dilute solution s of the
simplest alky l iodides in a sui table solvent which forms a
glass  a t  l i q u i d  n i t r o g e n  t empera tu re s , i t  was f oun d tha t
upon warm ing the solution iodine is formed . Both a con-
tinuous high pressure mercury source and the Z536A line of

• mercury were used in these experiments and the solvents
employe d were the ones developed by G. N. Lewi s and his
school in t he i r  wor k on the p r o p e r t i e s  of exc i ted s t a t e s  in
ar omatic molecu les .

It should be noted tha t the mos t clearcut results
are obta i ne d us ing a m ixture  of hy drocar b ons as the solvent ,
whi le the r e s u l t s  ob ta ined in EPA (5 par ts e ther , 5 par ts
i sopen tane , 2 par ts alcohol) show a cur i ous anoma ly not yet
fully understood. Irradiating a dilute solution of iod ine
in the hydr ocarbon so lven t  a t  low t empera tu re s , the color
d isappear s and reappears  upon warming , in good agreement

• w i t h  the r e s u l t s  ob ta ined  wi th the alky l iodides . In EPA,
however, it was noted tha t the iodine color does not re-
appear (in the case of iodine solutions) or appear (in the
case of alky l Iodide  s o l u t i o n s ) u n t i l  about  ten m i n u t e s
af ter the s o l u t i o n  reached room tempera tur e , and a p p r o p r i a t e
longer time s at lower temperatures. A tentative explanation
may be prov i ded in terms of an a lcoho l  c omplex but  i t  is not
easy to envisage a detailed mec hanism of this de lay process.

The observations indicate beyond doub t tha t in
these glassy solvents  at  low tempera tur es free iodi ne a t oms
mus t be pre sent , separated from one another by solvent mole—

- cules in a rigid medium and they react to form iodine mole—
cules when the rigidity has decreased to a sui table point.

-• It is mos t likely tha t the excess kinetic ener gy of the dis—
sociation produc ts is dissipa ted by warming the rigid sol-
vent molecules in their immediate vicinity; this enables the
dissociation produc ts to move far cnough apar t so tha t they
cannot interact. The kinetic3 of the ioiine formation has
been s t u d i e d  and the method o f f e r s  i n t e r e s t i n g  p o s s i b i l i t i e s
to study the effec t of different other molecules on the col-
lision pr ocesses involved . The observations also make it
extremely likely tha t the other dissociation produc t, i.e.
methy l or ethy l r ad ica l , is a l s o  s t a b i l i z e d  in these low
temperature systems. No direc t observations have been made
on these species, however , but such experiments are planned.
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Thus it may be possible to get some spectr oscopic or magne t i c
Inf o rmat ion  on the me thyl free radical and thereby decide the
question of its correct shape.

ThERMODYNAMiCS OF GASES SORBED IN ZEOLI TES

Since his return from the National Research Labor a-
tories In Ottawa, Dr. 0. L. Klrigton (Aberdeen) has been In-
vestigating the thermodynamics of gases sorbed in crystalline
solids . It will be recalled that this field has been large ly
explored by Pr of . R. M. Barrer  and h i s  c o l l a b o r a t o r s in
Aberdeen during the past few years and Dr. Kington ’s results
both extend and confirm their conclus i ons.

In a theoretical study, using a simple Lennard—Jones
6— 12 force law , Dr .  K lng t on  has shown tha t molecules  somewha t
larger than the size of the channels in the z e o l i te  can be

— sorbed. This is equivalent  to saying tha t a potential barn —
er has to be surmoun ted for  so rp t ion  to take place and th i s
cart occur if the ne t  process is s t i l l  exothermic , i .e .  if one
does not have to go too far  on the repuls ive  s ide  of the po—
t e n ti a l  curve . This is a va luable  f a c to r  to consider  when—
ever so rp t ion  resul t s  are cor re la ted  w i t h  “effective sizes”
of the sorbed species.

A d e t a i l e d  exper imenta l s tudy was made of the sorp-
t i on  of argon in a sui table chabazite  ( sod ium—ca l c ium—al um ino—
silicate); this inc luded the measurement  of heats of so rp t ion
using an impr oved Beebe type calor ime ter and detailed isotherm

• da ta. The results conf irm previous views of Barrer , et al.
tha t these sys tems give ideal. Langmuir type isotherms and tha t
the differential heats of sorption are almos t constant when

• measured as a function of amoun t sorbed. The sorbing system
Is near ly hbmogeneous, consisting of arrays of equivalent
lattice points , and corners , edges , and planes are absent.

The ava i l a b i l i t y  of both heat and entr opy da ta on
these sys tems enabled Dr .  K i n g t o n  to try var i ous models in an
effor t to ob tain a more refined idea of the sta te of the
sorbed argon molecules. The best fit wi th exper iment is ob-
tained with a mode l which formally assigns to the sorbed argon
molecules  one tr ans l a ti ona l  and two v i b r a t i o n a l degrees of
freedom ; if these latter are assumed i d e n t i c a l  they correspond
to a loose vibrational frequency of about 1Ol2 sec~~~.
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CONF ERENC E ON MECHANICAL EFFEC TS OF DISL CCATI ONS IN
CRYS TALS

The two—day C onferenc e on the Mechan i ca l Effec ts
of D i s locat ions in  Crys ta ls  which was recent ly  held a t  the
University of Birmingham attr acted well over ZOO par tici-
pants from more than a dozen countries , inclu di ng a large
gr oup of American visitors. Some twenty papers dealing
with var i ous aspec ts of the plastic behav ior of crys ta l s
were presented , wi th major emphasis on the dislocation
appr oach to such pr oblems as slip and work—hardening in
metals. Publication of the proceedings is not contemplated

• but a summary of the more significant European contributions
may be fuund in Technical Repor t ONRL-70—54.

The Temperature Dependence of the Flow Stress in
Work—har dened Crystals

One of the more interesting paper s was given by
Prof. A. H. Cottrell (Birmingham) who described some ex-
per iments aimed at estimating the extent to which a “forest”
of screw dislocations intersecting the glide plane contr i-
butes to work—har dening . According to Cottrell , it is
reasonable to expect that the process by which slip dislo-
cati ons cut through such a forest should be therma lly—
activated , and that inasmuch as this so—called cutting
pr ocess i nvolves the f o r m a t i o n  of d i s l o c a t i o n  jogs , i t
should be str ongly dependent upon temperature .  To check
this  p red ic t ion, the temperatur e dependence of the f low
st ress  was measured in wor k—hardened s ing le  crys tals of Al
and Cu. Crys ta ls  of the same or i en t a t i o n  were strained In
tens i on at var i ous temperatures between appr oxima tely 1000
and 500°K and , in each case , the test  was then cont inued at
l i q u i d  a i r  temperature  (89 °K). in this way, the temperatur e

- • dependence of the f low s t ress  correspond i ng to a given
amoun t of work—hardening  could  be de te rmined .  This pract ice

• a l so  e l imina t ed work—sof ten ing  e f fec t s , such as were ob-
served , for  example , when Al c rys t a l s  were strain—hardened
a t  low temperatures and t hen tes ted a t  some higher  tempera-
tur e (see Stokes and C o t t r el l , Ac ta Met.  2 , 341 (1954)) .

Wi th Al s ing le  c rys ta l s  i t  was f ound tha t the f l o w
stress  a t  temperature T°K, re l a t ive  to that  a t  89°X, remain-
ed remarkably constant over a wi de range of s t r a in—harden ing .
Mor e over , af ter c o r r e c t i n g  fo r  the temperature  dependence of
the shear modulus , ~ , using the da ta of l{~s ten , the f low
stress r a t i o

‘~o~/ ’~9oK
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did  not show any s i g n i f i c a n t  v a r i a t i o n  wi th t empera tu re
ove r the e n t i r e  temperatur e range i n v e s t i g a t e d .  When the
same exper iments  were repea ted  w i t h  Cu s i n g l e  crys ta l s ,
however , somewha t d i f f e r e n t  r e s u l t s  were o b t a i n e d .  Thus ,
af ter making a l lowance  for  the change in shear modulus
w i t h  temperature , three d i s t i n c t ranges  of t empera tu re
dependence were observe d , as shown schemat i ca l ly  in the
accompanying f i g u r e .

1.0-

/
/I I I

2000 270 0
• 0

0 Temperatur e -°K l500°K

C o t t r el l  has i n t e r p r e t e d  these r e s u l t s  as fo l lows :
• At tempera tures  below ZOO°K , where therma l f luc t ua t ions  are

r e l a t i v e ly un i m p o r t a n t , it is energetically easier for the

~s locat i ons to “by—pass” ra ther than cut through the
forest; this by—passing pr ocess is Insensitive to tempera-
tur e except ins ofar as it depends on ~ • In the intermedi—
ate temperatur e range from roughly 200° to 270°K, a suf-
ficient amoun t of therma l activation is provided to enable

• the dislocation s to cut thr ough the forest, the act ivation
ener gy required being related to the ener gy of formation of
a dislocation jog. At room temperatur e and above, the s t ress
which is necessary to drive the dislocations thr ough the

• forest becomes less than that required for the operation of
• Frank—Read sources; consequently, no additional temperature
-

• 
dependence, aside from the norma l effec t of temperature on

, is manifest at higher temperatures.

On the basis of a simple mode l for the temperature-
activated movement of the dislocations , Cottrell has calcu—
lated that in Cu, the forest should become completely trans-
parent at a temperatur e of appr oximately l400°K; extrapo-
lation of the flow stress data yields a value which lies
somewhere between 12000 and 1500°. The fac t tha t Al and Cu
behave somewhat differently seems to be related to the
d i f f e re n c e  in jog energies in these two metals. Recent
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c a l c u l a t i o n s  by Seegar ( S t u t t ga r t ) ,  fo r  example , p lace  the
ene rgy  of a d i s l o c a t i o n  jog itt  Al a t  only abou t  0.5 ev as
c ompared to r oughly 4 ev fo r  Cu. it is therefore unlikely,
accord ing  to C o t t r e l l , tha t the t empera tu re—ac t iva t ed  move-
ment of dislocations thr ough the forest will be observed in
Al.

ThE UP TAKE OF ~32 AS AN iN V1ThO TES T OF ThE V 1AD1Ll T’~ OF
S TORED SKiN

At the Second R a d i o i s o t o p e  C onference , Oxford , 19
23 Ju l y, Drs .  W. Gemmell , J . E. L a i n g  and N. Veall  of the
P l a s t i c  Sur gery Cente r , Odstock H o s p i t a l , Sal isbury, and
the Physics Depar tmen t , Guy ’ s H o s p i t a l , London, repor ted an
emp irical observation to the effec t tha t skin Intended fo r

• graf ting could be tested for viability by incubating it in
a suitable Ringer ’s solution containing p32 as orthophos —
phate. A sharp cork borer Is used to ob tain sections of
skin 6 mil lIme ters In diame ter. These are weighed and
incubated at 37°C in .l0 to 20 ml of Ringer ’s s o l u t ion  c on-
taining P32 with a specific activity of one ~c/m1. The p32
uptake is determined at regular intervals over a period of
four hours.• Skin which is dead shows little or no P 32 up-

• take while viable skin has a P32 uptake which Is appr oxi-
ma tely an inverse exponential function of time with a half
per iod of two hours. From the pr actical point of view it
has been f ound that a ne gat ive test  is fo l l owed by cl in ica l
fa i lure of the graf t , while the graf t which shows a norma l
P32 uptake has a good chance of surviva l , other fac to r s be-
ing equal .  I t  Is hoped tha t this  t e s t  w i l l  be of value in

• s u rvey ing  methods and conditions of stor a ge of skin as well
as fo r  de te rmin ing  the viabilit y of indi v id ual spec imens
intended for grafting.

Fur ther information on the con tributions made at
this Conference is given in Technical Repor t ONRL—65—54.

• PERSONAL NEWS 1 TEM

Prof. Hans A. Krebs of the University of Sheffield
has been appointed to succeed Sir Rudolph Peters as
Professor of Biochemi stry at- the University of Oxford.

TECHNICAL REPORTS OF ONRL

C The f o l lo w i n g  repor t s  have been forwa r ded to ONR ,
Washington . Copies may be obtained by address ing  requests
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