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RES EARCH ON LUIA INESCENC E AND RELATED PHENOMEN A iN F~ERL IN

Professor  H. Gobrecht  (Second Phys i ca l  i n s t i t u t e,
Technical University, Per u n )  is directing . an active pro—

• gram in the field of luminescent solids and related pheno-
mena. Some of their current work is described below.

Elec tron Em i s sion of F res h Sur faces

The radiation known to emanate from freshly
evapora ted or fr esh ly deforme d s ur faces  of me tals or of
salts is being studied using photographic plates (contain—
Ir.g no g e la ti n) and, more recently, using counter tubes.
The origin of the radiation is considered by Professor
Gobrecht to be chemical reaction or chemisorption on the
surface. This is strong ly supported by his recent observa-
tions on antimony. The blackening of the photographic
plate observed when Sb is reacted with hydrogen sulfide
Is very much faster and str onger than that ifl oxidation.
Comparable blackenings are observed in periods of exposure
of one day and one week respectively. Their work at
present is directed t owards elucidating the more detailed
mechanism of this electron emission by determ ining the
ener gy spec trum of the em i t ted e lec tron s us ing r etar di ng
potentials . it should be remembered that previous workers
who have observed and discussed these phenomena favored
the explanation that the electron emission is associated
with recrystallization (Cf. Z.f. Phys., 132, 129 (1952)).

Piezoelectric Behav i or of Cadmium Sulfide

It was recently discovered that cadmium sulfide
single crystals show piezoelectric properties . Current
work centers around the relationship be tween the piezoc lec—
tric behav i or and , irradiation by visible light . The edge
of the abs orption band under norma l conditions was found
to be 5OZ5fr~; upon prolonge d irradiation with visible light
this edge moves to lower frequencies.
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Luminescence I n P ojysulfides

ln agreement with earlier tentative conclusions ,
(cf. 2.f. Phys. ~~~~~~~~~~~ 111 (1952)) it has been definitely
shown that the luminescence in alkali sulfides is not due
to the presence of an activa tor but that one deals with
a mixture of monosulf ide and polysulfides. in the case
of the potassium Compounds, a binary mixtur e of K~S2 and
K2S.~ was shown to exh ibit the same luminescent beF~av i or
as that repor ted for the polysulfides.

The alka l ine ear th polysu l f id es pos sess such
lum inescent pr operties to a very much lesser extent . Wh i le
the phenomenon can be conveniently studied in the case of
barium polysulfide, the corresponding strontium compound
is barely wi thin the range of experimentally accessible
luminescent intensities.

SCATTE R FRINGE INTERFEROMETRY

Dr. J.M. Burch (Bristol) showed a series of
unusua l inter ferometers at the recent Physical Society
Exhibition in London. These interfer ometers can be under-
stood by reference to Fig. 1. Part of a narrow beam of
white light is scattered by a screen, A, and par t of it
continues undisturbed.

—— 
~~~~ ~~~ ~ ~~~~~~~~~~~~~~~~A Spec imen B

Fig. I. Scat ter Fringe interferome try

The scattered light is collimated by a lens and illuminates
the specimen whose retardat i on is to be observed, The
sca ttered light is then br ought to focus on an identical
scattering screen, B. Part of this light is scattered a
second time , and part passes thr ough B undistur bed. This
lat ter fraction is then capable of interfering with the
por tion of the original beam which has been scattered by
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~ but not scattered by A. These two interfering beams
are indicated by dotted and solid line s respective ly in
t;~e diagram. I f  the specimen has distorted the wave
fr ont of the  p r Lnary  s c a t t e r e d  DCC~~, this distortion

r w i l l  appear in  the i n t e r f e r e n c e  p a t t er n .

It is necessary tha t the phase and Intens i ty
oC the l i g h t  s c a t t e r e d  by the two screens be identical
and t h i s  can only be achieved if the two screens are
identical. This identity has been achieved by Bur ch in
two ways: the same screen can be used twice if the opti-
cal system is folded upon itself, or the scattering
screens can be p l a s t i c  rep l i cas  of a rough surface.

Fig. 2 is an illustration of the first technique
and serves as a method for testing microsc ope objectives.

• 

Beam splitter 

Scattering screen

~~~~ Microscope objective

~~~~~~~~~~~~~~~~~ Mirror

Fig. Z

An In terferometer for Testing Microscopes

In th i s case, where the same screen Is imaged on to itself ,
all zonal a )errations and all even azimuthal errors are seen
double wh i le odd azimutha l error s such as coma and tilt are
3utoma tlcally annulled . This charac teristic is shown in
~~~ 3 where oblique incidence fringes can be seen on a
flat metal sur face while it is being turned in a lathe.
The fr inges are unaffected by vi bration , decen tering, or
axial move nent,
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Fig. 3

A Test for a Sur face Deing Turned in a Lathe

it is -possible to use scattering screuns which
scatter in one dimension only and under these circum-
stances t he  wave fron t error s in the other azimuth are
o fn ~ consequence. This effect has been used by ~ urch
in the examination of cylindrical sur faces and other
astigmatic optical systems.

For best operation, the screen should scatter
only a small fraction of the light so that the  i n t e ns i ty
of the two inter fcri.ng beams will be substantially the
same , it Is convenient to achieve this by the r ep l i c a
technique using a rough metal surface which has been
p a r t i a l l y  po l i shed .

NOVEL ?~1EThJU’~E ANALYZER

A par ticular ly simple me thane analyzer has
been built by the Nationa l Coa l Board and exhibited at
the recent Physical Society Exhibition in London. A
beam of infrared Is allowe d to pass thr ough a rotating
mica disc divided into segments , a lterna te ones of wh ich
are coated with a silicone resin the wave length of
whose pr inc i pa l absorption band lies be tween 3.2 and 3.4
microns in the infrared. The result is tha t those wave
len~ ths in the stated range are the only ones modulatedin the near infrared spectrum. Me thane~~ s a s trong ab-
sorptIon band at 3.3 micr ons and carbon dioxide , carbon
monoxide , and water are substantially transparent in that
reg ion. Withou t further refinement the instrument is
sa ti sfac tory for the con trol of v e n t i l a t i n g  equ i pment
in coa l mines. A more sensitive and stable model is
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b e i ri~ b u i l t  which will use two balunceu beams .

The r ece ive r  is a lead scienide cell from the
Se~’vices Electronics Research Laboratory. The peak of
its photoc onductive response lies at 3,4 mIcrons . H

~~~~~~~~~~~~~~~~~~~~~~~~ S E S  0~ ARSE~ iC Tt~iOXiJr

A number of contri .iution s by Pr ofessor Stranski

~nd collaborator s (:~erlin) have helped to eluc Idate the
sur face propert ies , accomm odation coefficients and struc—
tures of the var i ous modifications of arsenic trioxide ,
As,03. r~ore recent results complete our knowledge of
th Ts substance and lead to a consistent pictur e regarding
Its vaporiza tion and solution behav i or. In addition to
t1-~e t.;o well—known modifications , t he r eg ular  a r s e n o l i te
and the mon o cl in i c  c l a u d et i t e , a new modification is re—
ported fr om Professor Stranski ’s laboratories. This can
be considered as a sub—modification of the claudetite and
can be obtained fr om the material ~roduced during the
~forccd ” condensation of arsenic trioxi de vapor (Cf. ~..f.:-:at~~’f. 4a, 21 (1949)). It has a crystal structure similar
to that of claudet ite , in which, howe ver , the separation
be tween the parallel chain arrays is somewha t reduced .

The vapor i zation coefficient (acco~~ odation co—

~fficlent ) for the two modifications is consistent with
their envisaged struc tures; their structures also predict
the inverse behavior of their rates of solubi lity correctly.

The accommodation coefficient of the monoclinic
mo difiqation , claudetite , is extremely small , of the order
of l0°. Since this modification is envisaged as being
buil t up of essentially infinite chains of As.,0 molec u le s,
it is evident that the pr obability of an As~ O~ ~nit break-ing away is very small. On the other hand ~~~ accominoda—tion coefficient of arsenolite is not far from unity, a1
though it shows some peculiarities (cf. Z.f. Elektrochem.
513, 476 (1952)). Since the crystal structure of this
nodificat ion is such that As406 units are already present,t h i s  is the expected behav i or .

Studies are in progress in whi ch  the r a t e  of
3oluti on of these two modifications of a r s en i c  o x i d e  in
w a te r  are investigated. As is well known, the dispersed
u n i t s  in  aqueous s o l u t i on  c o n t a i n  only one As a tom each
Jor example , IlAsO7 ) . I t  is now found tha t  the  r a t e  of
s o l u t i o n  of the mo~ o c lIn i c  m o d i f i c a t i o n  is c o n s i d e r a b l y
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f a s ter  t han  tha t of the  r c ; u la r  n o d i f i c a t i o n , in  good
ag reement  w i t h  the mod e l  d e s c r ib e d .

A v a r i e t y  of othe r p r o b l e m s  ~ re b e i n  ; s t u d i e d
uneer Profebsor Strans~ci ‘ . d i r e c t i o n  b o t h  a t  the Tech-
n i c a l  U n i v e r s it y  and at the 1~aiser Wil he l~a ln st itu t~ for
P hy s i c a l  C h e m i s t r y .  These i n c l ud e  n u c l e a t i o n , c r y s t a l
gr o w t h , ‘(—ray a n a l y s i s , e tc . So~ie of t hese  are  d e s c r i b e d
i~ Technical Repor t ONRL—43—53, which is a v a i l a b l e  fr om
the Techn ica l  P u b l i c a t i o n s  O f f i c e , O f f i ce of Nava l ~ esearch ,
Code 740 , W a s h i n g ton 25 , b.C.

~~~ SHAPE AND TH:~R~~ L ~~A5TS 1T 1ON S cF :AChc oL~C:JLE S

The shape of macro;~olecules and their therma l
t r a n s i t i o n s  are  be i ng syste rn a 1~i c al ly  i n v e st i :a t e d  in  the
l a b o r a t o r ies of P ro fe s so r  K. ‘i be r r e i t e r  (K a~ ser W i l h e lm
Institute for Physical Chemistry, Ber l in). One of the
concepts guiding Profes sor t~berreiter in this work is
that polyethylene and other relative ly ur~branched mole-
cules are considerably more ordered in the liquid and
g lassy state than has been assumed by most other investigators .

A v a l u a b l e  new appr oach t o  the s t u d y  of the
shaoe of m a c r om o l e c u l e s  has been the s t u d y  of the  m e l t i n g
phenomena of rapidly frozen solut i ons of polyethylene in
na~ th aI en e . Volume measurements indicate tha t such systems
undergo two distinct melting processes; these are due to
the naphthalene and the polye thylene respective ly. The
results indicate that the macromolecules cannot be com-
pletely coiled , as they would not In this case (at the
lower concentrations studied) be in mutual contact and
consequently could not undergo a fus i on process.

Spec i f ic hea t measuremen ts on polystyrene have
been ma de for a number of dif fe ren t  degrees of pol ymer i za-
tion ; it was observed that the lower molecular we igh t poly—
mcrs (up to abou t a mol . wt. of 900) show a distinc t ~point , but for the higher molecular wei ght systems this
becomes a flassv transition.

o~
y
~:~ ~~~~~~~ B~~r~ iEN N I T i ~IC ACID AND WA TER

The mechan i sm  of the exchange of oxygen be tween
nitric acid and water has been clarified by Dr. C.A.
Bunton and collaborators (University College , London).
The exchange has been followe d isotop~cal ly, as a functionof nitric acid concentra tion , using O~~ at O~~ , The ob—
serve d behavior is radically different at low and at high
nitric acid COncentrations and the two regions are dis—
cussed separately below.

At n i t r i c  a c i d  c o n c e n t r a t i o n s  in  the range 8 —

2~ mole per cent , no exchange occur s I f  the sys tem is
r i~~or ous ly  f ree  of the lower ox i des of nitrogen. Very
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s nai l  ~:uantit iC5 , cc. 5x 10 3 mole per cent  of the l ower

~n 1dcs a~’e found to  b r i n g  the r a t e  into a conveniently
: ; .cJSUi ’ h . ) l C  ran~e. These lower ox ides  on d i l u t i o n  In
%nte r  .~n a Iy a e  as n i t r ou s  acid. The dependenc e of the
rate on nitric acid concentration in this range , in the
presenCe of 5x10 3 mole per cent nitrous acid , is sche-
mati cally shown in the figure be low.

- 

8 mole O/~~ 1-1N03

this same range the order of the reaction , with respect
to the ana lyzab le  n i t r o u s  ac id , r i s e s  from 1 at the low
end to nearly 2 at abou t 20 per cent nitric acid , and then
cn’ops f a i r l y  s h a r p l y  to  about  1.1. The results are inter-
preted in terms of a two stage mechanism involving exchange
between nitrous acid and nitric acid, and between nitrous
acid and water . This is shown by the following reactions :

N203 T~~ NO + NO2 (A)

N204 —~~~ NO + NO3 (B)

2HN O2 N203 + H~O (C)

~t the low concentration end of this range the equ ill—
b r i um  (A) is e s t a b l i s h ed muc h mor e r a p i d l y  than r e a c t i o n
(3) and thi s relationship gets gradually inverted with
increasing nitric acid concentration . This explains the
shift from first to second order , and since both of these
reactions are acid catalyzed, the rate gradually increases

this range. At about 20 mole per cent nitric acid ,
reuc tion (C) begins to be strongly displaced towards the
~..nhydride : the order drops down towards unity and the
rate no longer depends on the acid concentration,
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Above 40 mole per cent  n i t r i c  a c i d  concen t ra -
t i o n , d ir e c t  oxygen cxchan :c occurs ;  the r a t e  of exchange
increases  500—fold  in  the range  40 — 60 mole per cent
nitric acid. By comparison with aromatic nitration
r at e s , the exchange was shown to  involve  the n i t r o n i u z n
io n. The r e a c t i o n s  p o s t u l a t e d  a r e :

+
2HNO~ — — H~,NO 3 + NO 3

+ -4-
~ NO + H O2 2 2

PLASTIC DEFCRLATi~ N OF ZINC

Dr.  R. W. C ahn (B i r m i n g h a m  Un i v e r s i t y)  has been
studying the plastic deformation of zinc to observe the
nature of slip produced during creep and in tensile test.
He has shown for the first time that prismatic slip can
occur in z inc .

Slip

In a first set of experiments , a study was made
of the plastic deformation in polycrystalline zinc speci-
mens during the progress of creep. Employing an X—r ay
back reflection technique , he used the beam to straddle
two cells in a zinc grain. Thus he was able to determine
the orientation relationship between the two cells and
fo1lo~ the change In this relationship during creep. At
a temperature of 250°C it was found that deformation oc-
curred entirely by basal slip; it was observed that all
the slip roller axes lie in the basal plane. At 350°C,
however, it was found that the roller axis was some axis
between the c direction and the basal plane. Such an
-observation indicates that slip is not merely basa l but
includes some non—basal deformation such as prismatic
sl ip and/or pyramidal.

To clar ify the precise nature of the slip
observe d in creep at 350°C, some further experiments were
conducted on single crystals of zinc . Specimens were
oriented such that no basal slip could occur and were
subjected to a tensile stress. Crystallographi c analysis
showed that at a temperatur e of 350’C prismatic slip
definitely occurred. Fur ther , the crystal was oriented
such that If basal slip were to occur It wOuld rotate
the crystal one way, whereas If prismatic slip were to
occur it would rotate the other. The observed rotation
w~s in the direction compatible with prismatic slip. Fur-
ther research Is needed to determine whether pyramidal
slip truly occurs. At a temperature of 250°C , a sing le
crystal of zinc with its besal plane one or two degrees
away from the non—basal slip orientation in tension ,
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o. ’c du c ee  a neg l i g i b l e amount  of ~asa l  s l i p f o l l o w e d ~y
f r a c t u r e .

h r .  Cn h n  is  a l ; o  in v c s t i , a t i n .  t w i i ~: i i r g  i n  s i ng l e
of ainc a t  room tc : p e r a t u r e . he has obse rve d

if  s t r e ~~s is 3~~~l i c i  to  a c r y s t a l  o r i e n t e ~i suc n t h a t
it w i l  not slip , a twin coes  no t  f o r m . ~ne r e s u ~~t of

is  t h a t  instead of f o r m i n g  a t w i n  the  c r y s t a l
a t  a s t r e s s  four  or i ive times g r e a t e r  tnan tne

o r i t i c a i  r e so lved  snea r  s t re s s,  however , i f  s ome l o c a l i z e c
:;~ av y s l ip  is p roduced  in  the  spec ime n b~ a p in  p r i c k , i t

f o u nd t h a t  the s t r e s s  neccss~~r y t o  p roduce  a t w i n  is
::arhe~i i y  dec reased .  C ahn thus c l i e v e s t h a t  the  ener -y
r c c u :r e o  to  nuc~ eate a twin iS  hi bh, but  t n a t  r e q u i r c u
for  i t s  ~r owth  is r e l a t i v e l y  low. in t h i s  c o n n e c t i o n  I t
is  i n t e r e s t i n g  to  c i t e  the  wor k of GaL -er  ( R u s s i a n  J o u r n a l
of P h y s i c s  , 1 ( lP~l - 7 ) ) on th e f o r m a t i o n  of tw ins  in c a lc i t e .
C~~i c i t e  does no t  s l i p ,  and thus  p r o v id e s  an i n t e r e s t i ng
mate r i a l  i n  w h i ch  to  s t u d y  t w i n n i n g .  It is r e p o r t e c  t h a t
tne  s t r e s s r e q u i r e d  to  n u c l e a t e  a twin is 3000 gn/n-~m

2 wh i l e
::n.t n e c e s sa ry  t o  pr opa~ a te  i t  i s  on l y  on t h e  order of
~co t o  300 gm/nm 2 . A fu r t h e r  p o i n t  of in t e r e s t  in Galbe r ’s
;o rb .  is t h a t  i f  a t w i n  fo rms  in  c a l c i t e  and does not  pro—
cr e ss  a l l  the way thr ough the specimen to the o p p o s i t e
s i d e , fr ac tu re  i n i t i a t e s  fr om the t i p  of the  tw in .  ThI s
occurs b ecause  the m a t e r i a l  cannot  s l i p  and c o n s e q u e n tly
is u n ab l e  to  fo r m  an accommodat ion  k i n k  a t  the end of the
t’,.~im to  r e l i e v e  the I n t e n s e  shear s t r e s s  at  t h i s  p o In t .

u~~~ b~~T OF INT?~ACELLUL~R pH BY ~iEAN S OF A MICRO-
TUNdST~h ELEC TRODE

P.C . C a i d w e l l  of the P i o p h y s i c s  D e p a r t m e n t ,
L n iv e r s i t y  C o l l e g e , London , has dev i sed  a t u n g s t e n  mic r o—
e l e c t r o d e  of a bout l5~. which can be i n s e r t e d  In t o  l a rge
mus cle  f i b e r s  such as those of the c rab , C a r c i n u s  maen as ,
‘which arc us ua l ly be tween  100 and 600ti in  d i a m e t e r .

The electrode potential of tungsten , in c ommon
.‘ith tha t of a number of metals , varies with pH (J.R.
a ’r l I s , J. I n d u st r . Engng .Chem. io , 352 (1953)), and the

n i c r o— e l e c t r o d e  can t h e r e f o r e  be used for  measurements
of in t r a c e l l u l a r  pH . This  is d one by i n s e r t i n g  a t u n g s t e n
: . ; i cr o—e le c t r oce  and a KC1 m i c r o — e l e c t r o d e  i n t o  the  same
f i b e r  and the n n o t i n g  the change in p o t en t i a l  be tween  them
..ben bo th  ar e ~vi thc r awn i n t o  the b a t h i n g  f l u i d .  S ince the

c-f the b a t h i n g  f l u i d  can be de t e rmined  w I t h  a g l a s s  elec —
~:oae , that of the inside of the fiber can be calculated
fr om the change in potential .
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;j e m i I .d L 1 0 L  o: ~ht .  ‘h  a ~.u ~,c ic  ~i ;~er ‘~ ~J .
b o t ~ ~.ha ~;l~~s:~ ~mu he tua-s t ca l e c t r o b e s  )~ VC~ t h ~. s . : e
v~. I uc 

- 
and i t i s t a~ r c ~;‘e un 1 i h~. iv th~ t t.~ .e cc ~s a; v a

c a s~~ae tao mu~;c ~c ii e r s  w~~~c~ ‘.-. o u i c  c iu s c  th e  t u n a s ~~fl

e l e c t r o d e  t o  j ive a~ a n c ;aa l ou s  ~~~~~~t i~~i .

T’,, r c nt y _ c i  ;~~t ~ e 1 e i ’ ; i f l a t  i ons on f~ aers waose
r e s t i n ;  p o t e n t i a l s  ay ~LtwCer ; 50 aI~~i 70 mV gave
v~j luc fo r  thc intr acellular p~ of 6.75 (S .D. =
.~ L oven ~c te r nin a t ons of the ph of the ~ 1~~sm~ su r r o u n d i n g
tn c  f i er s  h a \ e  g i v e n  a me an  v a i uc  f 7.53 ( S .~~. = C .37) .

i t  ap~ ca r s t a ct  in  t a-~ i n ta c t an~. m a i  t ac  d i s t r i a u t ~~on
of hybr o~ca i La s be twe e r~ the cell and plasma ap p r o a c h e s
t h a t  p r e d i c t e d  by the  b onnan ~q u i 1 i b r i um e x p r e s s i o n .

CC~~~~h R ~-~TlC~ OF :- l~~~CTlVE ALLOXA~
-; IU ThE TISSUES CF

~~~~~ ~\..t i

R. 3. Jancs of St .  Th omas ’ s hos :j t a l  . . e d i c a l
S ch o o l , L on d o n , has la~~e 1ed a l l o x a n  m o n o ~~~a r a t e  in e i t h e r
the — or 5— p o s i t I o n  ;i th  Cl4  and injcc ed t h i s  m a t e r i a l
subcutaneously in adult r a t s .  The concentra~~ion of the
allcaan :aonohydrate in tissue s was determ ined at intervals
from l ive mtnutes to si,~ hou r s , and the  ex c r e t i o n  r a t e
was f o l l o w e d  up to  22 h o u r s .

The radioactiv ity of the ;-;idneys and p l a sma
the highest and r e a c h e d  i t s  p eak in  a b o u t  15 m i n u t e s .

The other tissue s studied , i n c l u d i n g  the pancreas , h a d
very  low Cl4 c o n c e n t r a t i o n s .  A p p r o x i m a t e l y  95 per cent
of the  l abe l ed  a l l o x a n  was e x c r e t e d  in 22 hours .  Only
m i n u t e  amounts  01 the radioactiv ity appearee in expired
air or as u rea .

Jane s conc ludes  f r om t h i s  s tudy t h a t  the  t o x i c
e f f e c t  of a l l o x a n  on the p a n c r e a t i c  i s l e t s  is dependent
or~ the s p e c i f i c  s e n s i t i v i t y  of b e t a  c e l l s , and not up on
an exces~ ive c o n c e n t r a t i o n  of t h i s  m a t e r i a l  in the organ.
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The f o l l o w i n g  r e p or t ’~ have been f o r w a r d e d  t o
, Washington , since the last  I s sue  of ESN . Copies
be obtaine d fr om the Technical Publications Office ,

Code 740, Office of N ava l Research , Washington 25, D.C.

ONRL—3d—53 ~A New Small Air Lique fier~ by ~I.D. Hayes

c:.:~L—~i3—5~ -~hucicati on, Evapcrati on, and Relate d
r r o i l e m s  in ~.ry s t a i  s~ n o : . is t r y” by ~~~~ Szasz
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::j~L —- ~u — 5 3  “F a r a d a y  S o c i e ty  D i s c u s s i o n  on I o l u t io n s
of hon—Electrolytes ” by G.J. Szasz

ChR L—dl —53 “ The Phase D i a gr a m  and Pr o p e r t i es  of T i t a n i u m —
S i l i c o n  Al loys” by E. Eprern ian
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W.D. Haye s
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