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TW Soft Z-ray Absorption Lim its o f ce r ta in  Elements.

Accordlns to  Bohr's theory of atomic stru cttire , 

in  the normal con figu ration  o f the ©leotrono round th e nu-> 

c le u s  in  any atom, each o loctron  i s  hound so th a t i t s  f in a l  

o rh it i s  th a t which la  in  most s ta b le  equilibrium  w ith the  

nucleus and w ith the other e lec tro n s already bound* The 

b u ild in g  up o f  a heavy atom i s  marked by periods a t  the end 

of which an energy le v e l  la  com pleted.

The o r b its  o f  the e lec tro n s in  the d iffe r e n t  

groups in  th e  atom are ch aracterised  by d iffe r e n t  t o t a l  

quantum numbers ’ n .  t h is  numT^r being equal to  1 fo r  the  

innermost Z  group, Z for th e h group, 3 fo r  the M group and 

so on. Within each group, the e lec tro n s  are again divided  

in to  sub-groups corresponding to  d iffe r e n t  typ es o f  o r b its  

and ch aracterised  by d if fe r e n t  va lu es o f th e  azim uthal quantum 

number k*

The X-ray sp ectra  a r is e  from the displacem ent o f  

an e lec tro n  from one o f the inner groups in  the atom and th e  

subsequent readjustment o f the remaining e le c tr o n s . The K 

s e r ie s  o f c h a r a c te r is t ic  em ission  l in e s ,  fo r  in sta n ce , a r is e s  

from th e displacem ent o f an e lec tro n  from th e  innermost group, 

which i s  complete a t helium , and remains unchanged throughout 

the p er io d ic  tab le*  The binding o f  the two e lec tro n s in  th is



group in  any atom depends on the n o d  ear charge, hut i s  

p r a c t ic a lly  independent o f  the presence o f e lec tro n s  in  

outer groups.

The f» group i s  complete a t a la t e r  stage  in  the  

p erio d ic  ta b le ,  a t  noon ( z  * ),and the M group la t e r  s t i l l ,  

but each group when f in a l ly  com plete, then romains unchanged 

fo r  elem ents o f higher atomic number.

la  h is  well-known researches on X-ray spectra  

published  in  1913, Moseley in v estig a ted  th e  K s e r ie s  o f  

em ission  l in e s  fo r  a number o f elem ents ly in g  between a l 

uminium and s i lv e r  and th e  L s e r ie s  fo r  elem ents between 

tlroonlura sad g o ld . Ho concluded th a t fo r  any one l in e ,  

th e Square root o f  the frequency i s  proportional ^o the  

atomic number. In a l l  the ©lemonts which he in v estig a ted  

the K and L groups are both com plete, and the re la tio n sh ip  

which he found i s  to  be a ttr ib u ted  to  the p ers is ten ce  o f  

th ose  inner groups unchanged throughout th ese  elem ents.

A sim ila r  re la tio n sh ip  might bo ©zpected to  hold  fo r  absorp

t io n  l im it s  as fo r  em ission  l in e s .

The Mosoley r e la t io n  can only be ©spocted to  hold  

whore the e lec tro n  groups concerned in  th e  em ission o f  the  

l in o  are com plete, end in  p assin g  down the p eriod ic  ta b le  i t  

i s  to  be expected th a t the r e la t io n  w i l l  break down fo r  the  

elem ents in  which th e se  groups are in  process o f  form ation.

On Bohr's th eory , tho M group o f e lec tro n s changes
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between the elem ents calcium  (z* A o ) and copper ( z  = )

from two sub-groups contain ing four e lec tro n s  each to  three  

sub-groups conta in ing  s ix  e lec tro n s  each*

from a con sid eration  o f  the o p tic a l spectra  o f  

the elem ents in  t h is  reg io n , Bohr fin d s th a t , in  passin g  from 

potassium  (z.=^<9 ) through calcium  (z » %o ) to  scandium ( z * z # ) ,  

the o rb it o f  the typo belonging to  the th ird  M sub-group 

(3^ ) corresponds to  a firm er and firm er binding r e la t iv e ly  

to  that o f  an orb it o f  the f i r s t  H sub-group type ( 4 ,)  and 

th a t fo r  scandium an e lec tro n  i s  bound in  th e  th ird  M sub

group rather than in  an N sub-group. The th ird  II sub-group 

i s  thus begun a t scandium, and, from a con sid eration  of  

th e copper spectrum, Bohr concludes that a l l  three sub

groups are complete at copper. In contrast to  the com

p lic a te d  sp ectre  o f the preceding elem ents, the spectrum o f  

copper p o ssesses  a sim ple stru ctu re very l ik e  th a t o f  sodium 

and t h is  i s  to  be ascribed  to  tho sim ple symmetrical stru c

ture o f tho inner system o f  e lec tro n s in  t h i s  elem ent.

I t  mi&ht be expected that evidence a s to  the con

s t i t u t io n  o f the M group of e lec tro n s fo r  the eleraonts be

tween scandium ( z » z i  ) and copper { z = z p  ) could bo obtained  

from the Mosoley linos^but no M em ission l in e s  have been  

measured in  th is  reg ion  owing to  the fa c t  that tho wavelength  

i s  too long to  bo measured by tho c r y s ta l method and too short
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to  be noasurod rea d ily  by a sp ectroscop ic  method. The 

e x c ita t io n  p o te n t ia l method can however be employed to  

in v e s t ig a te  the M absorption  l im it s  in  t h is  reg io n . This 

method c o n s is ts  in  measuring tho p h o to -e le c tr ic  current 

from a su ita b ly  s itu a te d  m e ta llic  d is c ,  caused by th e  X rad ia

t io n  om itted by a g iven  eloment under e le c tr o n ic  bombardment 

w ith gradually in creasin g  energy of tho e lec tro n  stream* The 

c r i t i c a l  p o in ts  a t which now ra d ia tio n s are produced are de-
f

term ine! from tho p o s it io n  o f d is c o n t in u it ie s  in  the current —

p o te n t ia l d iffer en ce  curves.
1Experiments were th erefore  made by t h is  method 

w ith  tho olemonts iro n , n ic k e l, copper and s in e , and reasons 

wore deduced fo r  a sso c ia t in g  certa in  o f the c r i t i c a l  p o te n t ia ls  

observed w ith tho removal o f an e lec tro n  from the f i r s t  M 

sub-group and others w ith  tho removal o f  an e lec tro n  from 

tho second M sub-group. Tho r e s u lts  o f those experiments 

supported the view  that a change in  tho c o n st itu t io n  o f  tho  

M group i s  in  progress in  th is  region  o f tho p er io d ic  table^  

but i t  was thought that more d e ta i ls  o f the sta g es in  the  

development o f tho group might be obtained by making a f u l l e r  

in v e s t ig a t io n  o f the c r i t i c a l  p o te n t ia ls  fo r  the elem ents a l 

ready used and by extending tho research  to  other elem ents 

in  t h is  reg ion .

Further experiments îiavo th erefore  been made and a

I* F .ilorton , Ù. Andrews a and "A7"'èm ï)avlosT T hiïlIiag.lh 'V
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se r le a  o f soven elonents ooourring con socn tlvely  in  tho p erio 

d ic  ta b le  have now been examined.

They are chromium manganese ,

iron  (z -r x 6 ) , cobalt (x == ) ,  n ick e l ) ,  copper (z  )

and zino ( z * 3 o ) .

Apparatus and method.

I t  la  e s s e n t ia l  fo r  the su ccess o f  the experiments 

that the e le c tr o n ic  bombardment o f the element under t e s t  

should be carried  out in  a vaouum as n early  p erfec t as i t  i s  

p o ss ib le  to  ob ta in . The' g la s s  v e s s e l  in  which tho e lec tro d es  

were contained was th erefo re  constructed  w ithout any waxed 

or cemented jo in s . I t  was designed by P rofessor Horton and 

i s  shown in  fig u r e  T.

Tho tube contain ing th e carbon was B cm, wide and 

was cooled in  liq u id  a ir  during the observations* The appara

tu s  was connected by a s id e-tu b e  S through a wide bore sto p 

cock and a U tube immersed in  liq u id  a ir ,  w ith  a d iffu s io n  

pump which was m aintained in  operation  throughout the moaauro- 

ments, Before beginning the observations the apparatus was 

pumped out and th e  res id u a l gas removed as com pletely as 

p o ss ib le  from the f ila m en ts , e lec tro d es and g la ss  w a lls  by 

long-continued  h eating  in  an a ir  oven and sim ultaneous pump

in g  by the d if fu s io n  pump# The pressure was road before and 

a f te r  a s e r ie s  o f  observations was made and In no case was
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more thaji-OOOOl ot and gen era lly  l e s s ,  being freq u en tly  

not measurable on the gauge.

The ta r g e t s ,  each 2 oms. lon g  by 1 cm .broad by 

b cm. w ide, in  the f i r s t  experiments were arranged in  a 

row on two quarts rods which passed through h o les  d r il le d  

in  thorn. I t  was found im possib le to  d r i l l  h o les  in  the  

chromium and manganese ta r g e ts  and a l l  th e ta r g e ts  were 

th erefo re  grooved down th e ir  long s id e s  and f i t t e d  between 

th e  quartz rods which were bound w ith  w ire to  the iron  

end p iec e s  S N» The ta r g e ts  were kept apart by p iec e s  o f  

quartz tubing 1*5 cm.long which f i t t e d  over the rods between 

them. By deans o f an e lectro -iragn et, a c tin g  on the s o f t  

iron  end p ie c e s , each ta rg et in  turn could be p laced under

neath th e tungsten  fila m en ts F which supplied  the bombarding 

e lec tro n  stream . An e le c t r ic a l  connection to  th e  p a rticu la r  

element under in v e s t ig a t io n  was made by means o f th e platinum  

wire W, a t the upper end o f  ?/hich was a sm all platinum b a l l  P

which pressed aga in st the lower fa ce  o f the ta r g e t . This
/

arrangement has tho groat advantage that tho element under 

In v e st ig a t io n  can bo quickly  changed so th a t each eloment 

can bo examined in  turn , and i t  can be rap id ly  ascerta in ed  

whether an in d ica tio n  o f a c r i t i c a l  point in  a cu rren t-vo ltage  

'  curve i s  a genuine e f fe c t  due to  tho elom ent, or whether i t  

a r is e s  from some other cause, in  which case i t  would be common 

to  the whole s e r ie s  o f curves.

6 ,



Tho row o f ta r g e ts  could be turned over In th e  

apparatus by moans o f tho electrom agnet so th a t I f  one 

fa ce  was contaminated by sp u tter in g  from the f ila m en ts , 

the other could then be used , and the whole row o f ta r g e ts  

could bo moved in to  one o f the s id e  tubes U or V during the  

prelim inary h eating  out of the apparatus, so th a t the sur

fa c e s  were not oontaminated during t h i s  process by sp u tter 

ing  from the filam ents#

The apparatus contained two 7-ehaped tungsten  

f ila m e n ts , each about 1*5 cm, long in  the glowing p o rtio n .

They were introduced from opposite  s id e s  of th e main g la ss  

tub e, and were c lo s e  togeth er in  the same h o rizo n ta l plane  

in  the p o s it io n  in d ica ted  by F in  the f ig u r e . The two f i l a 

ments were used In s e r ie s  in  nearly  a l l  the experim ents.

The ra d ia tio n s stim ulated  by the e lec tro n  bombard

ment o f  th e  ta r g e ts  were d etected  by means o f  th e ir  photo

e le c t r ic  e f f e c t s  on a platinum  d isc  A connected to  a d e lic a te  

electrom eter . The platinum w ire lea d in g  to  A was p rotected  

by earthed guard rin gs from c o l le c t in g  charges by leakage  

along the inner or outer su rfaces o f  the g la s s  tube through 

which i t  was sealed* A hongs in s id e  a short hollow  platinum  

cy lin d er , the base o f which i s  o f  f in e  platinum gauze B,

C and P are two c ir c u la r  p iec e s  o f  f in e  platinum gauze which 

f i l l  the h o r izo n ta l s e c t io n  o f  the ce n tra l tuba o f the apparatus,

7 ,



aa Indicated  la  the diagram. B, C and D are about 8 

ap art, w hile J> la  about 13 mm. above the f ila m en ts .

The arrangemont o f the p la te  A and o f th e  three  

platinum g rid s i s  s im ila r  to  that which has been employed by 

Horton and Davies In th e ir  measurements o f the c r i t i c a l  poten

t i a l s  fo r  th e  production o f  ra d ia tio n  from g a se s , By su ita b ly  

s e le c t in g  the va lu es o f the e le c t r ic  f i e ld s  between th ese

g r id s i t  i s  p o ss ib le  to  arrange th a t the electrom eter i s  only
«

Influenced by ra d ia tio n  illu m in a tin g  the p la te  A or tho sur

rounding platiixum c y l i n d e r .  An a rra n g em en t o f G l c c t r i c  f i e ld s

wd’iich  0 0  cur os t h is  r e su lt
A

Vf Is  in d iw itcd  dlagramat 1 c a l ly3
c   in  fig u re  TT.
3 —

Vif.
T

E lectrons from the filam ent 

V, ’ F bombard tho ta rg et T w ith

energy duo to  a f a l l  through 

P/G-uRt IL a p o te n t ia l d lfferenc©  V, ,

Tho lower gauze D was maintained at V 2. v o lt s  negative  to  the  

filam ent; G was Vj v o lt s  p o s it iv e  to  D, being always greater  

than % ♦ so th at none o f the p o s it iv e  Ions which arc

lib er a te d  by the e lec tro n  bombardment of the targo t and which 

pass through the gauze D c-an tr a v e l to  the le v e l  o f C. The 

experiments of Horton and Davies have slioim, however, th a t  

such p o s it iv e  ions w i l l  l ib e r a te  e lec tro n s from the platinum  

gauze D when th e ir  v e lo c ity  o f impact exceeds a ce r ta in  sm all

8 .



amount (th at dua to  a f a l l  through about BO v o lt s  In th e  

case o f the p o s it iv a  ion s from p latinum ). Any e lec tro n s b o  

lib era ted  are a ccelera ted  by the f i e ld  Vj towards the c o l le c t 

in g  e le c tro d e , but are prevented from reaching th a t e lectro d e  

by the f i e ld  Vf between the gauzes C and B, Any p o s it iv e  

ion s lib er a te d  from C undor th e bombardment o f th ese  e lec tro n s  

could bo turned back by the f i e ld  V  ̂ between the p la te  A 

and the gauze B, but experiment showed that the number of  

th ese  p o s it iv e  ion s was too sm all to  g ive  a d etecta b le  e f f e c t .  

The f i e ld  V ^ was th erefo re  u su a lly  kept at a sm all constant 

value during the ob servation s, so as to  g iv e  greater stea d in ess  

to  th e  electrom eter readings than i s  obtained i f  t h is  f i e ld  

i s  la r g e . By reversin g  the d ire c tio n  of Vr the d ire c tio n  

of th e  p h o to e le c tr ic  current between A and B i s  reversed , 

thus* making i t  p o ss ib le  to  v e r ify  th at the current measured 

by th e  electrom eter i s  due to  p h o to e le c tr ic  a c tio n  and not to  

some spurious io n iz a t io n  e f f e c t .

In se v e ra l ca se s , runs were made, in  which the  

observations were taken w ith the f i e l d  Vg- f i r s t  In one 

d ir e c tio n  and then in  the other fo r  every value o f  the f i e ld  

• Thus two curves were obtained sim ultaneously and a 

genuine d isco n tin u ity  appeared In both o f  them. Some o f the  

double curves are shown in  the fo llo w in g  f ig u r e s .

The a ctu a l va lues o f the most su ita b le  p o te n t ia ls  

on tho gauzes can only be determined by experiment and i t

9 .



was found th a t I f  the p o s it iv e  p o te n tia l on tho gauze C was 

too  la r g o , i t  acted  through the gauze D and e lec tro n s were 

able to  get through to  the d isc  even when there was a f i e l d ,  

between tho filam ent and f i r s t  gauze D, of 6 or 7 v o lt s  

aga in st them.

The f i e ld  could bo varied  from 0 to  S30 v o lt s  

in  s tep s  o f l/ lO th  v o lt  i f  necessary^but i t  was u su a lly  found 

that nothing was to  be gained by using step s  sm aller than  

two v o lt s  ap art. The f i e l d  Y% was u su a lly  about 10 v o l t s .

V2 was about 20 v o lt s  greater than the maximum value o f  

V , Y &  used in  the run, and Yf about 10 v o lt s  greater than  

Yj « The f i e l d  Yf , which was constant in  any one experim ent, 

varied  from about 10 to  20 v o lta  in  d iffe r e n t  experim ents.

During th e  measurements o f the p h o to e lec tr ic  

cu rren t.w ith  the e lectrom eter , the t o t a l  e lec tro n  current 

between th e  filam ent and the ta rg et was a lso  measured on a 

galvanom eter. In th is  way a s e r ie s  o f  va lu es o f  the photo

e le c t r ic  current per arb itrary  u n it bombarding current was 

obtained, and th ese  va lu es were p lo tted  aga in st the corres

ponding va lu es o f  the energy o f the bombarding e le c tr o n s .

These va lues were obtained by adding to  the applied  p o te n tia l  

d iffe r en ce s  V, a sm all correction  due to  the I n i t ia l  v e lo c ity  

o f em ission  o f tho e le c tr o n s . This was determined by reducing  

the a c c e le r a tin g  vo ltage  V# to  zero and, i f  n ecessary, in 

creasin g  i t  in  the opposite d ir e c t io n , u n t i l  no therm ionic

10.



current could bo measured, w ith  the galvanometer shunted as in  

th e  o r ig in a l experim ent. The f i e l d  i s  thus found which i s  

ju st  necessary to  provent the e lec tro n s from reaching tho  

ta r g e t , and which th erefore  g iv e s  a measure o f th e ir  i n i t i a l  

energy.

The correction  was in  moat cases l e s s  and never 

more than a v o lt  and in  s ta t in g  tho r e s u lts  and p lo t t in g  tho 

curves which fo llo w  the corrected  v a lu e s .o f the v o lta g es  are 

used throughout*

Experimental r e s u l t s .

The range o f  v o lta g es  used was up to  230 v o lta .  

Observations were f i r s t  taken over ranges o f from 40 to  60 

v o lt s  at a tim e. The regions at which in d ica tio n s  o f  bends 

in  the curves were found were thon in v estig a ted  and some o f  

th e  curves obtained are g iven  below.

In d ica tio n s o f bends in  the curves were obtained  

a t  p o in ts  corresponding to  e lec tro n  en erg ies o f l e s s  than  

30 v o l t s ,  but i t  i s  d i f f i c u l t  to  say whether th ese  bends 

correspond to  the sta g e  a t which the f i r s t  e f f e c t  o f  the  

general ra d ia tio n  becomes measurable w ith  th is  apparatus, 

or v/hother they are r e a lly  c h a r a c te r is t ic  o f  the ta r g e ts .  

Further experiments arc necessary to  s e t t l e  t h is  question , 

w ith more s e n s it iv e  apparatus, capable o f  d etectin g  the sm all 

p h o to e le c tr ic  currenta a t th ese  low v o lta g e s .

11.



The maximum v a r ia tio n  in  the p o s it io n  o f a 

point observed fo r  any,one c r i t i c a l  p o te n tia l from th e mean 

value g iven  was ^  Z v o lt s  and in  most cases th e  agreement 

between tho curves was b o tter  than t h i s .  In each case the  

value o f tho c r i t i c a l  p o te n t ia l g iven  i s  the mean value de

duced from se v era l curves, one o f which i s  g iven  in  the 

f ig u r e s .
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Chromltmi. Atomlo num’ber 2 4 ,

F ir e  c r i t i c a l  p o te n t ia ls  were fom ii fo r  t h is  

element a t 60, 70, 143, 160 and 173 v o lte  re sp ectiv e ly *  

Examples of the ottrvea obtained are g iven  in  figu ro  ITT. 

The curves shown fo r  the point a t  160 v o lt s  are an ©x- 

ample o f the double curves mentioned above*

13.
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Kanganeae* Atomlo mm"ber 85 ,

S ix  c r i t i c a l  p o te n t ia ls  obtained fo r  t h is  

element are shown in  flgrurea T?a and 1Tb> Again, in  

one ca se , a donble ourvo i s  shown, The mean va lu es o f  

the d is c o n t in u it ie s  are a t 68, 83, 100, 152, 174 and 184 

v o lta .
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Iron, Atomlo number 26$

In the caoe o f  iro n , s ix  c r i t i c a l  p o in ts  

again  were found, the mean valu es being 47, 73, 90, 106, 

166 and 181 v o l t s .  Curves are g iven  in  fig u r es  Va and 

V t, '
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Cobalt» Atomlo nm ber 87 .

F i^ r o  YL Ghowa tho four breaks located  

fo r  t h i s  elem ent, Tho mean valu es are 94, 113, 171 

and 191 v o l t s .

16.
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N ick el. Atomic niimber 28 .

Three c r i t i c a l  p o te n t ia ls  have heen found 

fo r  t h is  olonjont as shown In fig u re  V ï f , a t 104, 178 and 

195 v o l t s .

17.
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Copper. Atomic nnrober 29#

Again three c r i t i c a l  p o te n t ia ls  have been 

located  a t 112, 193 and 206 v o l t s .  In d ica tion s o f per

haps two lower c r i t i c a l  p o in ts were found in  the reg ion  

between 50 and 90 v o lt s  bat the va lu es obtained varied  

over too wide a range to  be fix ed  down w ith  anj c e r ta in ty  

and are not th erefore  g iv en .

The curves are shown in  f ig u r e  V ÏÏÏ fo r  the  

th ree  p o in ts  mentioned above.

18.
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zinc# Atomlo miraber 3 0 .

In th ia  ©lemont too  there were in d ica tlo n a  

o f a c r i t i c a l  po in t below 119 v o lt s  but the curves are  

very uncertain* The three c r i t i c a l  p o in ts d e f in i t e ly  

found are at 119, ZOO and 214 v o lt s  and examples o f  

curves are shown in  f ig u re

19



I t  l 8  seen  th at in  soma oaaaa, the p ortion  of 

a curve before the c r i t i c a l  point i s  reached, has a down

ward slope* This dooa not mean th at tho p h o to e le c tr ic  eur- 

to n t i t s e l f  was decreasing w ith  in creasin g  e lec tro n  energy#

I t  w as,at th ese  s ta g e s , constant or perhaps s l ig h t 

ly  in creasin g  and the dovniward slop e la  due to  the fa c t  th a t  

the curves are r a t io  curves and in  th ese  o a ses , the e lec tro n  

current was in creasin g  more rap id ly  than the p h o to e lec tr ic  

current# This was n oticed  more p a r tic u la r ly  a t the lower 

v o lta g e s , as was to  be expected, s in c e , fo r  th e se  low 

v o lta g e s , the e lec tro n  current has not nearly  reached the  

sa tu ra tio n  value*

20*



The r é su lta  are o o llo o ted  in  ta b le  T 

given  below.

Table I

Element V olts %M
Element V olts %

Cr* 24 60 4*43 2 * 1 0 Co. 27 94 6 .9 4 2*63

70 5*17 2*27 113 8*34 2*89

143 10-55 3-23 171 12.60 3*65

160 11*92 3-45 191 14 «10 3*76

173 12-77 3-57 H i. 28 104 7'68 2-77

m .  25 63 5-02 2-24 ‘ 178 13*14 3*63

83 6*13 2-48 196 14*46 3-80

1 0 0 7*38 2 .7 2 Cu 29 1 1 2 8*27 2 . 8 8

152 11-09 3 .3 3 193 14*24 3-77

174 12-85 3*59 206 15*21 3-90

184 13*58 3-69 30 119 8*78 2-96

26 47 3-47 1 - 8 6 2 0 0 14.77 3*84

73 5-4 2-32 214 15 .80 3 .98

90 6*64 2*58

106 7*82 2*80

166 12-26 3*50

181 13-36 3-66

21.



As i s  seen the va lu es o f  the c r i t i c a l  p o in ts  are 

g iven  in  v o lt s  and in  m u ltip les  o f where V i s  the

wave number and R the Rydberg constant* The m ve number i) 

i s  ca lcu la ted  from the P lanck-E inatein  r e la t io n ,

c f iV  = e V

where h i s  P lan ck 's con stan t, e the e le c tro n ic  charge and 

0  the v e lo c ity  o f l ig h t .

D iscu ss io n  and in terp re ta tio n  o f r e s u l t s .

Coster has shown^ that n early  a l l  the l in e s  o f  

the X-ray spectra o f the heavier elem ents can be arranged 

in  a simple scheme in vo lv in g  the ex isten ce  o f one K le v e l ,  

three L le v e l s ,  f iv e  II le v e ls  and 7 IT l e v e l s ,  (There are 

in d ica tio n s  o f 0  and P le v e ls  a lso  but the numbers o f these  

cannot d e f in ite ly  be s ta te d ) . F ive  U absorption edges have 

been measured sp ec tro sco p ica lly  for  uranium and thorium and 

three for bismuth. The le v e ls  are denoted by the symbols 

Kr , îijT .M gr , , and M ving the h igh est

frequency. . Por elem ents o f lower atomic number the le v e ls  

and and the le v e ls  and H-%r merge together

and in  the region of the p er io d ic  ta b le  under con sid eration  

the three M le v e ls  are denoted by the symbols 

- and h -jr- .

C oster. Z e it .  f . Phys. v v / . ( l9 2 l ) .

^  2 2 ,
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I t  i s  hoped to show that the c r i t i c a l  p o te n tia ls  

which have been oboerved correopond to the en erg ies required  

to remove en e lec tro n  from two of these sub-groups and 

U to d if fe r e n t  o r b its  normally unoccupied*

In photographic measurements o f X-ray absorption  

sp ectra , an absorbing screen o f the substance o f su ita b le  

th ick n ess . I s  placed between the source o f X-rays and the  

photograpMo p la te . In e a r lie r  experim ents, the r e su lt in g  

photograph showed a darker p ortion , due to alm ost unabsorbed 

in c id en t continuous ra d ia tio n , separated by a sharply de

fin ed  edge from a l ig h te r  portion  due to the absorption  of the 

ra d ia tio n  by the substance.

More recent experiments^, however, have shown 

that the stru cture of the absorption spectra i s  not so 

sim ple as th is  but tlia t i t  p o ssesses  a kind o f  " fin e s tru c

tu re."  In the la te r  photographs there are d is t in c t  w hite  

l in e s ,  sometimes tliree in  number, separated from each other

by darker bands, the most in ten se  o f the l in e s  ly in g  on the

long w ave-length s id e  and co incid ing  in  p o s it io n  w ith  the

absorption  edge mentioned above.

F r ick e . fh y s . Rev. xv/ . 1920.
StenstrCm, D isse r ta tio n  Lund. 1919.
H ertz. Z e i t .  f .  P liys. 1 0 2 0 .
C oster, N ishina and Werner. Z e i t .  f .  Rhys. 1923.
ITisliina. P h i l .  Mag. March 1925.
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îliBhina, for in sta n ce , in  a recent paper^ îia.s ■ 

measured two absorption l in e s  for sev era l elem ents,and  

three for holraium (z«:6 7 ) in  the case of the L g; l e v e l .

He compares h is  measurements of the p r in c ip a l l in e ,  i . e .  

the one on the long w ave-length s id e , w ith  the va lues o f  

the absorption  lim it  g iven  by Bohr and Coster^ vdiich

have been in terp o la ted  or measured photographically  be

fo r e , and fin d s  very good agreement. He s ta te s  that "the 

d iscrep an cies w ith  tho measured valu es l i e  w ith in  the 

l im it  o f experim ental error in  most elem ents."

To exp la in  th is  " fine stru ctu re ,"  Kossel^ has 

suggested tiia t the p r in c ip a l (most in ten se ) l in e  corresponds 

to the removal of the e lec tro n  from the le v e l  concerned to 

the "periphery" of the atom, and the l in e s  fo llow in g  i t  o f  

shorter w ave-length, to i t s  removal from the same le v e l  to 

certa in  v ir tu a l o rb its  beyond the "periphery."

The "periphery" used in  th is  sense must be taken 

to  mean tho reg ion , in  the atom, of the most lo o se ly  bound 

e le c tr o n s , end i t  i s  in  th is  sense that the word w il l  be 

used.

I t  was shovm before^ that the observed c r i t i c a l  

p o te n t ia ls  are to be a sso c ia ted  w ith the removal o f an

In ish in a . lo c .  c i t ,
~Bolir and C oster. Z c i t .  f .  Phys. . 1923.
^iCossel. Verhandlungen d. 1>. Rhys. Ges. 1916.

Horton, Andrews8  and D avies, lo o . c i t .
24,
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e lec tro n  from the Uj  ̂ end le v e ls  end I t  i s  no?;

suggested tliat the number o f c r i t i c a l  p o te n t ia ls  found . 

in  th is  research for  any one element i s  to be connected  

w ith the "fine s tru ctu re” o f these l im it s .

Seeing tliat good agreement has been found, in  

the case o f severa l l e v e l s ,  between the frequencies o f  

the p r in c ip a l l in e  o f the f in e  stru ctu re and the absorption  

edges,, measured or computed p rev io u sly , i t  seems reason

ab le  to suggest that a l l  the absorption  l im its  denoted by 

K, Lr, , hgr e t c .  correspond to these l in e s  o f  sm all

e s t  frequency which, i f  K osscl’ s explanation  i s  co rrec t, 

represent the removal o f  an e lec tro n  from the le v e ls  con

cerned to the periphery o f the atom.

Some evidence in  support o f  t h is  su ggestion  may 

be obtained from a comparison o f measured X-ray em ission  

l in e s  and the le v e ls  a sso c ia ted  v/ith them.

^Figures X and XI ore given  for re feren ce .

2 5 .
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Tile foliner e lv e s  a diagrenraatio solieme o f the 

energy le v e ls  in  the atom and the o r ig in  of the X-ray 

em ission l in e s .  Bohr’ s notation  for the le v e ls  i s  used 

and for the em ission l in e s ,  Sleghahn’s n otation  as re

v ised  by C oster.

In the diagram, the h o r izo n ta l l in e s  represent the

energy le v e l s ,  each characterized  by tv/o quantum numbers Ttk,
/

and the v e r t ic a l  l in e s  represent the various p o ss ib le  e l e c t 

ron Jumps bet î̂veen the d iffe r e n t  l e v e l s ,  the le t t e r in g  on the 

l in e s  in d ica tin g  the peurticular em ission l in e s  r e su lt in g  

from these Jumps. Thou£"h the diagram cannot be drawn to 

sc a le  in  the space a v a ila b le  and a t  the same time show the 

su b -le v e ls  sep a ra te ly , y e t i t  has been drawn to bring out 

tho fa c t  tdiat the energy d iffe r en ce  between two groups of 

le v e ls  i s  much greater than tlia t between two su b -le v e ls  

contained in  the same group.

Figure XI g iv e s  Bohr’ s scheme of the stru ctu re  

of the atoms and the numbers of e lec tro n s  d escrib ing  o rb its  

of the various typ es.

The îiv; absorption  l im it s  have been measured 

sp eo tro so o p lo a lly  for the elem ents uranium and thorium and 

HJalraar has measured^ the l in e s  em itted when an e lec tro n  

f a l l s  from Vj^  to  for these elem ents. The values

iHjalracr. Z e lt . f . Phys* 15. 1923.

2£>.



o r  these lim ita  and l in e s  are g iven  in  Table I I ,  from which 

i t  can be seen tiia,t the valuee are s l ig h t ly  greater than 

the v a lu es .

Table I I .

Element. Me. M^PBT .

U. 92 2 6 1 .0  259.3
Th. 90 244.9 242.8

From t h is  i t  i s  o lear that the l ï ^  absorption  

l im it  corresponds to the removal o f an e lectro n  from the 

le v e l  to a le v e l  a l i t t l e  further out than the 

l e v e l .  In th is  region  o f the p er io d ic  ta b le , a le v e l  a 

l i t t l e  further out than the T t t  le v e l/.w o u ld  c e r ta in ly  

be included in  the region  o f the most lo o s e ly  attached  

e le c tr o n s , and thus the fa c t  tlm t the absorption lim it  

corresponds to a tr a n s it io n  to such a le v e l  supports the 

su ggestion  that the absorption U n i t s  in  general represent 

removal of an e lec tro n  to the periphery o f the atom.

Table I I I  g iv e s  the values of the em ission

l in e  which r e s u lts  when an e lec tro n  f a l l s  from Ovj

to Lrrr and of the L mr absorption l im it  for certa in  

elem ents ly in g  between uranium (21- ^ 2 .) and tungsten  

(=■»??-).

I t  can be seen from the ta b le  tlm t, w ith the 

exception  of the value for load , for  those elem ents o f  

higher atomic number than gold  ( z. = yy ) the value o f Lwz:. 

i s  greater than th at o f  (hjz Ov ) but that for go ld ,

B7.



Table I I I .

Element. Ii .< « « {W  0 ^  ) .

U. 92 1263.2 1253.43
Th. 90 1199.7 . 1194.93
B i. 33 983.79 987,98
Pb. 82 959.53 959.72
T l. Cl 932.15 931.4
Au. 79 877.65 877.70
F t .  78 651.26 851.57 .

W._ 74 750.83 751.56

platinum  and tungsten , the two valu es are almost the same. 

Coster oayc^, w ith regard to the l in e  Lygy tliat i t  could  

not be measured for elem ents o f atomic nwaber lower than 

73 and tlia t for sev era l o f the rare earths and for barium 

(Z ~ ^ 6  ) and caesium ( x  *55" ) ho found the white absorption  

l in e  h ]]%- on the photographic p la te  in  the p o s it io n  where 

the em ission l in e  was to  be expected. From th is  i t  i s

c lear  that in  the region o f the p eriod ic  tab le  from gold  

) down to caesium ( z. =5‘5 ) the absorption l im it  

L ITT corresponds to the removal o f an e lec tro n  to the Cr̂  

l e v e l ,  wlilch for th ese  elem ents comes w ith in  our d e f in it io n  

o f the periphery of the atom*, but that for elem ents o f higher 

SI to n ic  number tlian go ld , the le v e l  to which art e lectro n  i s  

±omovcd on absorption i s  further out than the Ojz; l e v e l .

This fa c t  again supports the su ggestion  tliat the absorption

iD . C oster. i'MX. Men. 1922.
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l im it s  correspond to tho removal of an e lec tro n  to the 

periphery of the atom.

I t  i s  to bo n oticed  (see  F ig . XI) tlm t i t  i s  

at tho element gold  that the le v e l  has i t s  f u l l  com

plement of s ix  e lec tro n s for the f i r s t  tim e. The le v e l  

to which an e lec tro n  i s  removed on absorption , for elem ents 

o f higher atomic number tM n 73 la  th erefore n e c e ssa r ily  

further out than 0̂  .

In Table IV are given cer ta in  va lu es for

elem ents ly in g  between atomic numbers 67 and 73.

Table IV.

Element. lis'. 21°̂  1 (lIV ÎJviL ) L'sc,-̂  . Of )'

Ho. 67 1 0 0 . 0 99.53 594.57
Hr. 63 104.2 103.7 615.53 611.92
Yb. 70 115.2 1 1 2 . 2 658.59
Lu. 71 117.9 116.5 680.58 677.07
Ta. 73 123.4 125.9 726.10 723.30

I t  can be seen from Figure X that the value o f  

IIoL, corresponds to fhe energy d ifferen ce  of the I» ~  

and le v e ls .

From the tab le  i t  can be seen that for holmium 

end erbium there i s  very l i t t l e  d ifferen ce  between end 

Mot, , but for the elem ents o f higher atomic number I lx  i s  

appreciab ly  larger than 11 ,̂ . This means that for the f i r s t  

two elem ents there i s  very l i t t l e  d ifferen ce  in  energy be

tween the Î'ÎVTT le v e l  and the le v e l  to which an e lectro n

29.



1 © removed from the le v e l  a t  an absorption stage  hut 

tlm t for tho heavier element© the e lec tro n  i s  removed to  

a le v e l  further out tiian hvrr . This i s  to bo expected  

from Bohr*a theory, s in ce  i t  i s  in  ju s t  about t î i is  region  

(a t the element lutecium  ( Z - J f  ))  that the le v e l

becomes f u l l  for the f i r s t  tim e.

I t  i s  a lso  Been from the ta b le  that for the

elem ents erbium, lutecium  end tantalum the ^  vEilue 

o f IjjIl. MxHI i s  greater tlmn tlm t o f L33T Oj: . This 

means that the binding o f the e lec tro n s in  the Op le v e l  

i s  firm er tlxan that o f those in  the le v e l .  This i s

a lso  presumably true of the elem ents of lower atomic 

number than 63.

We see then, that for the rare earths the le v e l  

as w e ll as the le v e l  0̂  i s  included in  the term 

periphery.

In Table V are compared the V /x  va lu es of 

the Lttt absorption  lim it  and o f the l in e  I.ft, , which i s  

em itted when an e lectro n  f a l l s  from % to Lwr , for the 

elem ents o f  atomic number ly in g  between 55 and 4 C. (The

valu es of the lim it  iicve been computed for elements

o f lower atomic number than s i lv e r  ( ) ,  which i s

the l ig h t e s t  element for which i t  ha© been observed 

S p e c tro sco p ica lly .)

30.



Table V.

Element* L^jr * ^x 3. ■ .

C8 . 55 369.5  363.58
J . 53 356.0 331.87

Te. 52 320.1 316.84
Sb. 51 304.3 302.09
Ag. 47 247.3 - 246.7
Kh. 45 220.9 221.07
Mo. 42 186.2  185.62
Hb. 41 174.4  174.4

.Zr. 40 163.9 163.5

I t  i s  seen from the ta b le  that the d ifferen ce  

between the values in  the two columns only booones appreciable  

for elem ents of higher atomic number than s i lv e r  (z=^4p7  } .

Thus fo r  elements ly in g  below s i lv e r  In the p eriod ic  ta b le  

an e lec tro n  at an absorption stage might be removed to the 

le v e l  but a t s i lv e r  th is  le v e l  i s  f u l l ,  sa can be seen from 

Figure XI and the e lec tro n  must n e c e ssa r ily  be removed further  

out. For antimony ) i t  i s  p o ss ib le  to compare the

valu es of the l in e  (LjT Oil ) and the Ly absorp

tio n  l im it  and i t  i s  found tliat they are nearly  equal. This 

means that a t th is  stage in  the p eriod ic  ta b le , an e lectro n  

i s  removed on absorption from the I*r le v e l  to the Ojr le v e l ,  

which le v e l  i s  c e r ta in ly  included in  our d e f in it io n  o f the 

periphery of the atom. • -

For the elem ents o f atomic number lower than 

zirconium  ( 2 :* ^ ^ ) , we may compare the V /k  values of  

(K M-ttt )i -f- Lcx.̂  (which corresponds to the energy

31,



d iffe r e n c e  between the K le v e l  and the l e v e l ) ,  (K

and the K absorption l im it  as shov̂ m in  Table VI,

The more recent values o f the K absorption l im it  

measured by F rioke, Duane, Blake and Hu are g iven  and a lso  

com© o f the older measurements o f de B roglie and Wagner.

The K/Sj l in e  i s  em itted when en e lec tro n  f a l l s  

from the U j r  -nr le v e l  to the K le v e l  and for the elem ents 

o f lower atomic number tiian potassium  ( ) the 9^

valu es o f the K/f, l in e  and the 1C lim it  are very nearly  the 

same as can be seen from the ta b le .

Tills may mean that for these elem ents the 

l e v e l  i s  to bo included in  the peripheral reg ion . For 

the elem ents above potassium , however, the value o f iC/3 , 

i s  c e r ta in ly  le s s  tlia.n tliat o f tlie K l im it  and for these  

elem en ts'th e e lec tro n  from the K l e v e l  i s  removed further  

out tl'ian the M _^  le v e l  when absorption occurs.

5 2 ,



Table VI.

Element. , K(3, » K
(K H~T7-TEC ) (K ÎÎ^Tÿ ) (Fricke ,Duane)

( Blake à  Hu. )

ITa. 1 1 78 62 4Nr
Mg. 1 2 95 57 95 81
A l. 15 114 76 m m 114 67

S. 16 181 40 181 81
K. 19 264 38 265 33

2 0 295 51 297 48
Scz* ai 328 51 331 17

2 2 363 2 0 365*42 365 43
V. 23 399 72 402*40 402 27

Or. 24 438 0 0 '## 440*86 441 14
Mn. 25 478 13 481*34 482 36
F e. 26 519 90 523*54 524 34
Co. 27 563 51 . 567*63 568 90
B i. 28 608 72 613*48 612 0 0
Cu. 29 655 91 6 6 1 * 2 2 661*30 661 06

Zn. 50 7 ok 95 710*9 . 711*31 702 98
Ce. 52 808 94 015*75 819*58 817 57
As. 53 663 65 071*29 873 28

 ̂2 e . 34 920 45 920*17 932.28 930 82
' Rb. 37 1 1 0 2 2 1111*4 1118*6 1119 1

2 r . 38 1166 7 1176*57 1185*4 1256 1
Zr. 40 1301 7 1312*68 1324*4 1326 1

K
de B rog lie )  

and . )
Wagner. )

523*71 (W).

615*65 (Y/). 
(662*74 (W). 
1656*53 (de B ).

From the va lu es o f L*<, end we can .

compare the binding of the e lec tro n s in  the ( 3   ̂ ) le v e l  

and in  tlie ï ï j r  ( 4  ̂  ̂ l e v e l .  For copper (r=^zp ) and z in c  

( z .-  3 0  ) i t  i s  seen that the values are very much the same 

but for elem ents o f higher atomic nuraber tlmn z in c  the  

electronic are bound more firm ly  tlian those in  the 4 , o r b its  

(s in ce  the value o f i s  greater than thfit o f Koc, ) .

From th is  i t  i s  c lear  that for copper and s in e  

the le v e ls  to be Included in  the periphery are M iTZ" ĉ nd HXs:



The X-ray epcotroGooplo data are only a v a ila b le  for these  

two elem ents of those In vestiga ted  in  th is  research  but i t  

i s  probable tixat the sam eW ill be true of the other elements 

stud ied  s in ce  these tvm su b -le v e ls  are among those in  which 

the la s t  e lec tro n s are bound for a l l  these elem ents.

I t  i s  to be n oticed  in  Table VI tliat for the 

elem ent vanadiim ( ) and fo r  the elcmients from n ick e l .

( ) to  selenium (z  =34- ) the frequency of the l in e

(K ) i s  a c tu a lly  greater than th at o f  the

li absorption l im it s  most rece n tly  measured ^though tM s I s  

not the case for n ick e l and copper i f  Wagner*s values o f  

the absorption l im it  are used .

I f  the more recen t measurements are co rrec t, i t  

would appear that the le v e l  to which a K e lec tro n  i s  removed 

when absorption  occurs i s  w ith in  the l e v e l .  However,

0 .0  has been seen , the measurements o f d iffe r e n t  observers 

g iv e  c o n f lic t in g  r e s u lts  and i t  i s  im possib le to come to any 

d e f in ite  conclusion  on th is  p o in t.

From the above arguments and comparisons i t  seems 

c lea r  that an absorption lim it  corresponds to the removal 

o f  an e lec tro n  from the le v e l  concerned to the periphery of 

the atom, i . e . ,  to the region  o f the most lo o s e ly  bound 

e le c tr o n s , end that the le v e ls  wlilch are to be included in  the 

periphery v/i 11 clmnge as we progress down the p eriod ic  ta b le .

34.



An ob jection  to th is  cuggestion  might "be ralocd  

on tho fo llow in g  grounds;-

The Combination P r in c ip le , which r e la te s  ém ission  

l in e s  and absorption l im its  and which has freq u en tly  been used 

in  our d iscu ss io n , i f  i t  i s  to hold r ig o ro u sly , seems to imply 

that a l l  tho absorption  l im it s  for any given element must cor

respond to the removal o f an e lec tro n  from the d iffe r e n t  

i n i t i a l  le v e ls  to the same f in a l  level**  I f  an absorption  

l im it  i s  token to correspond to the io n iz in g  p o te n tia l o f  

the le v e l  concerned, th is  presen ts no d i f f ic u l t y .

However, i f ,  as we have sliown, an absorption l im it  

must be taken to correspond to  the removal o f  an e lec tro n  

from the i n i t i a l  l e v e l  to a le v e l  in  the periphery o f the 

atom, i t  appears that th is  peripheral le v e l  must be the  

sojue for a l l  absorption l im its  in  the atom and severa l o f  

the tr a n s it io n s  involved  would be prohibited  by the s e le c t io n  

p r in c ip le . This d i f f i c u l t y ,  however, proves not to  be a 

ser io u s one fo r , as we have shown, the periphery o f the atom 

in c lu d es , as a r u le , severa l l e v e l s ,  a l l  o f  about the same 

energy value and the combination p r in c ip le  w i l l  h o ld , to  

w ith in  the l im it s  o f experim ental error, i f  one absorption  l im it  

corresponds to the removal o f  an e lec tro n  to one o f th ese  

p eripheral le v e ls  and another absorption  l im it  to  another one. 

There appears to be no reason why an absorption

l in e  should not be measured corresponding to the removal o f
3 b .
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an e lec tro n  to an Incomplete le v e l  w ithin  the periphery. In  

fa c t  certa in  absorption l in e s  iiave been found by Friche^ for  

titan ium , vanadium and cliromium on the long w a v elen g th  s id e  

o f the p r in c ip a l IC absorption l in e ,  and have been explained  

by Coster as due to the removal o f an e lec tro n  from the K 

le v e l  to the Incomplete ÏÏ l e v e l .

The f in a l  le v e l  in  these oases I s  presumably tho 

le v e l  sin ce  the p o s s ib i l i t y  o f removal to the Uj^ 

le v e l  i s  ru led  out by the s e le c t io n  p r in c ip le  end we have

already shown that for these elem ents the other H su b - le v e l,

H jj-ÿ la  included in  the periphery.

In order to show with whicîa le v e ls  the c r i t i c a l

p o te n t ia ls  found for the d iffe r e n t  elem ents are to be 

a sso c ia ted , the p o in ts liave been p lo tted  on a Moseley d ia 

gram in  Figure XII, where the va lues o f the q u a n titie s  

Î10.V0  been p lo tte d  as ord inates and the atomic numbers as 

a b sc is sa e . The l in e s  corresponding to the Hx , #

M jj; and absorption l im it s  are a lso  given  in  tiie F igu re.

As has been mentioned b efore, a l l  f iv e  o f these  

l im it s  have only been measured sp ec tro sco p ica lly  for uranium 

and thorium and three Imve been measured for bismuth. The 

v a lu es  for elements o f  lower atomic number can however be

1V rick e . lo o . c l t .
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computed from the frequency re la t io n e  g iven  below, in  the 

cases where the l im its  end l in e s  required for the computation 

have been measured.

= L.'nr — ^ = Ljr  —

^  ̂ ~~ <L/5",

— L~77T
L c r i t i c a l  absorption w ave-lengths have been measured 

sp e c tr o sco p ica lly  for twenty-two elem ents between uranium 

( ) and t in  ( ) and the necessary em ission l in e s

Jiave been measured fo r  most o f  these elem ents.

By using the frequency r e la t io n s ,

Ltt = K —

^ <W. •= /q —.

i t  i s  p ossib le' to  compute the va lu es o f I# c r i t i c a l  absorption  

frequencies from observations o f K absorption l im it s  end K 

em ission l in e s  and by using the valu es o f the I* absorption  

l im it s  thus computed, to  c a lcu la te  the va lu es o f M- , Vi-nr 

and from the r e la t io n s  a lread y g iven , even in  cases  

where the L c r i t i c a l  absorption w ave-lengths have not been 

measured d ir e c t ly .

The q u a n titie s  N/K G.nd a lso  the square 

ro o ts  o f these iiave been worked out down to  %.= 4 .Q by

37.
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Bohr and C osterl and by Hlshina^ and these values are  

p lo tte d  in  fig u re  X II. The values for  the MX'~wr le v e l  

for elem ents of lower atomic number than 40 can be c a l

cu lated  but they have not been marked in  the fig u re  on 

account o f th e ir  being very ir r e g u la r ly  s itu a te d . The 

accuracy o f those computed values fo r  elem ents o f low 

atomic number seems doubtful fo r , as can bo seen from Table 

I V ,, i f  the va lu es obtained for the K absorption l im it  by 

d iffe r e n t  observers are employed, very d iffe r e n t  va lu es of 

the U absorption l im it  r e s u lt  from the computation. The 

percentage error in  the computed value r e su lt in g  from a 

sm all error in  the measurement of the K absorption lim it  

or o f or i s  very considerab le because the two

q u a n tit ie s  whose d ifferen ce  has been token are b o  nearly  

equal for  low atomic numbers.

Measurements by other observers in  the region  

from titanium  to copper are a lso  p lo tte d  in  Figure XII and 

shovm in  the fo llow in g  ta b le . The e x c ita tio n  p o te n tia l  

method has been used by a l l  the observers mentioned in  the 

Table VIII except Robinson, who measured the energy o f the 

photoelectron s em itted by the elem ents when exposed to  

monooîiromatio X -rays.

jBohr end C oster, lo o . c i t .  
^Mishina, lo o , c i t .  ,
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(The p o in ts marked w ith an a s te r isk  in  the tab le  

cannot be d istin g u ish ed  from Values found in  th is  research ).

Table V III .

Element. C r i t ic s ! . P o te n t ia l . Observer.
V o lts . ' ..........

T i. £2 145 3*27 Eurthi
Cri £4 GO. 8 2 *1 2 * I»evi^
m .  25 6 / 2*23% n
Ee; 26 50 1*92 Kurth

227 4*10 n
54*6 8*01 Thomo.s^

228 4 * 1 0 «1

Co. 27 92*2 2.61 h ev i
235*6 4*17 M

ÎTli £0. 79.6 2 .43 n
100*3 2*72 #
354*8 5*12 *

80 2*43. Foote & Mohler^
Cu. 29 1C 6 2*81 Kurth

297 4 . 6 8 «
. 2.55 Robinson^

Mo. 42 356 5 .13  Richardson & Bazzoni^
4*23 Robinson

'
5*33 H

olCurth Phys. Rev. , 1 9 2 1 .
gL evi. Nature 113. 1924. 
gliom as. Phys. Rev. March 1925.
3 ’oote & Mohler. O rigin of Spectra. 
^Robinson. Proc. Hoy. Soc. 1C4A. 1925. 
^Richardson & Bazzoni. P h i l .  Mag. 42. 1921.
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I t  i s  p o ss ib le  to ca lcu la te  tlie energy d ifferen ce  

between the îi-jrirr and N-rrirf le v e ls  for the elem ents In

v es tig a ted  from the d ifferen ce  o f the l in e s  and E

These ^  va lu es are sliovm in  Table IX.
' a

Table IX.

Blement. Ky3, *

Or. 24 440*86 438*00 2 * 8 6 4*43
Hn. 25 481*34 478*13 3*21 5*02
F e. 26 523*54 519*90 3*64 3*47
Co. 27 567*63 563*51 4*12 6*94
ITi. 28 613*48 608*72 4*76 7*63
Cu. 29 661*3 653*91 5*39 8*27
Zn. 30 711*31 704*93 6*38 8*78

In the la s t column i s  given the ^ f \ value of

the low est c r i t i c a l  p o te n tia l found-for each elem ent. I t  

m y  be seen from tho ta b le  that only the poin t observed for  

iron  in  the present research  i s  o f  the same order as the  

value for • The d ifferen ce  between the measured

and ca lcu la ted  values for tlois element i s  about E v o l t s .

%e w i l l  therefore assume tlia t th is  value for iron

i s  to be connected w ith the removal o f an e lec tro n  from the

le v e l  to the le v e l  and that the. low est va lues

for the other elem ents correspond,to the removal o f an e lectron  

from the le v e l  to a le v e l  further out then the N Tgrr

le v e l  or to i t s  removal from a d iffe r e n t  i n i t i a l  l e v e l ,  i . e . ,

from the M- le v e l .

4 0 .



The values o f K/3 , have been ca lcu la ted

for the elem ents from titanium  ( z-» 5L1 ) ,  the l ig h t e s t  element 

for  which iias been measured w ith c e r ta in ty , to tellu rium

( 2 .-5h  ) ,  and have been p lo tted  in  Figure X II, aga in st the 

atomic numbers. The Moseley l in e  thus obtained has been 

prolonged to pass through a poin t for calcium  ( %. 2 0  ) cor

responding to a l in e  measured by M illikan^ and shown by him 

to  represent an e lectron  tr a n s it io n  from Ny- to  .

The l in e  a lso  p asses tlirough the point corresponding to the 

f i r s t  ra d ia tio n  p o te n tia l o f  argon ( x» /g . ) found by Horton
4

end D avies^, which i s  a sso c ia ted  w ith  the removal o f an 

e lec tro n  from the Mttx  ̂ l e v e l  to an IT le v e l .

I t  i s  seen , as was to be expected, that tlie iron  

p oin t l i e s  q u ite  w e ll on th is  l in e ,  .and tlia t i f  the Mtt wr 

l in e  i s  prolonged from atomic number 40, the low est value  

Y/liich can reasonably be computed, the two l in e s  merge to 

gether a t  about copper { )  »

The e lec tro n  tr a n s it io n  from U jrjrr  to N irzr  

i s  o f course forbidden by the s e le c t io n  p r in c ip le , because 

the azin u tîia l quantum numbers o f the two le v e ls  ere the same. 

Tliio does not n e c e ssa r ily  hold r ig id ly  when the displacem ents

^M illikan and Bowen. Fhys. Rev. 23. 1924. 
^Horton and D avies, I ro c . Roy. Boo. 97A. 1920.
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from the Uj T'ttt le v e l  occur under the in flu en ce  o f  e le c tr o n ic  

bombardment, but, in  anÿ case , the energy d ifferen ces  between 

the UinTT le v e l  and a l l  o f  the n su b - le v e ls  in  th is  region  

cannot be very d if fe r e n t , as can be seen from Table X, which 

g iv es  the va lues o f  these d iffer en ce s  for the elem ents

from Z* 4 0  to •

Table X.

Element. . L I» y, — K p , ^
(^ X jïL  "  )

Zt . 40 20*55 22*7 23.9
hb. 41 -  24*4 25*88
llo . 42 2 5 . 1 0  26*8 28*23
Eh. 45 31*23 32*3 36*94
Ed. 46 33*08 , 36*1 39*20
Ag. 47 34*62 ' 39*5 41*26
Cd. 43 36*20 '• 42*0 44.42
In . 49 40*10 43*6 47*81
Sn. 50 42*62 47*0 50*77

As Can be seen , the d ifferen ces  in  the va lu es de

crease as the atomic number decreases and i f  the values

are p lo tted  in  Figure XII and the l in e s  prolonged to  elements 

of lower atomic number, they can hardly be d istin g u ish ed  from 

one another for elem ents of atomic number lower than 50*

In the same way, the va lu es fo r -L y r  — h T) ^

which d ifferen ce  i s  equal to tiiat o f the Mj-and le v e l s ,  Imve

been ca lcu la ted  and p lo tted  a g a in st atomic number. This l in e  :

i s  shovm, together w ith tho Moseley l in e  for the Ht- le v e l  in  

Figure X III. (A second fig u re  has been p lo tted  to avoid con

fu s io n ) . Velues o f the Malabsorption l im it  can be computed
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do'»m to atomic number 37 but tho va lu es below atomic number 

41 are very irregu lar# The Moseley l in e  corresponding to  

L tj can be p lo tted  down to atomic number 27. I t  i s  

seen that i f  the two Moseley l in e s  are prolonged they meet a t  

about atomic number 29 or 20 and i t  seems probable, from the 

general d r if t  o f the l in e s  that the l in e  should be con

tinued to  pass through the three p o in ts  for chromium, manganese 

and iron  as shown.

To a f i r s t  approximation, the frequency corresponding 

to tho io n iz a t io n  o f an atom by removal o f an electron  from

an inner le v e l  i s  g iven  by the formula

whore c i s  a constant wiiieh d if f e r s  for d iffe r e n t  le v e ls  and 

n i s  the to ta l  quantum number. I t  can be seen from th is  

equation tlint the Moseley graph o f  a ga in st atomic number

for any given  le v e l  w i l l  be a s tr a ig h t  l in e  as long as c re 

mains con stan t. The quantity  c depends on the number and 

arrangement o f the e lec tro n s in  the various groups In the 

atom and an in crease  in  the number o f e lec tro n s In the groups 

w ith in  the le v e l  concerned or in .th e  l e v e l  concerned i t s e l f  

causes an Increase in  c . Hence, a t any stage where en e lectro n  

group i s  in  the process o f development, the quan tity  c w i l l  

in crease more rap id ly  w ith  the atomic number and therefore the 

wave number w i l l  in crease l e s s  rap id ly  w ith  atomic number than 

a t  stages where the group i s  com plete.
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The Moseley l in e  corresponding to  the io n iz a t io n  

o f  any given le v e l  should th erefore  show l e s s  steep  p ortion s  

where, according to Bohr’ s theory, the c o n st itu t io n  of the 

group i s  undergoing a change. We should expect th ese changes 

o f slop e in  the l in e  corresponding to io n iz a t io n  o f a le v e l  

to be r e f le c te d  in  the l in e  corresponding to  removal o f  an 

e lec tro n  from tho le v e l  to the periphery, and i t  i s  seen  

in  Figure XII that tho Hv'TT l in e ,  which we have shown 

corresponds to removal o f an e lec tro n  to the periphery, i s  

l e s s  steep  between the elem ents titanium  ( z . - ) and copper 

( %- bj ) tho.n elsew here, thus supporting the theory th at a 

ciiango in  the c o n st itu t io n  o f the M group i s  in  progress In 

th is  reg ion .

The l in e  i s  a lso  ce r ta in ly  l e s s  steep  over 

the region  from manganese ( 'is-TJ' ) to co b a lt ( %= ^ 7  ) than

in  the extrapolated  portion  for elem ents o f higher atomic 

number than z in c , again supporting the theory.

I f  the foregoing in terp re ta tio n  o f  the r e s u lt s  i s  

co rrec t, i t  would appear that the upper p o in ts marked Cj b and 

c in  Figure XII might correspond to the removal o f e.n 

e lec tro n  from the Mr le v e l  end the p o in ts marked e and f  to

the removal o f  an e lectron  from the MjrjjT le v e l  to v ir tu a l

o rb its  ou tsid e  the periphery o f the atom.

Some further evidence in  support o f th ld  suggestion

can be obtained in  another way.
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In  O ptical sp ectra , the frequency o f any l in e  can 

be expressed as a d iffer en ce  o f tv/o terms. In  a sp ec tra l  

s e r ie s ,  the f i r s t  term i s  the same for a l l  the l in e s  o f  the  

s e r ie s  w hile the second term v n r ie s . On Bohr ’a theory tho 

l in e s  are em itted when an outer electron-jum ps between two 

o rb its  end a act o f l in e s  re la ted  s im ila r ly  to the l in e s  o f  

an o p tic a l s e r ie s  i s  obtained i f  those l in e s  are grouped 

together which correspond to e lectron  jumps from d iffe r e n t  

i n i t i a l  o rb its  to the same f in a l -o r b it .  Thus i t  ia  seen  

that the terms whose d ifferen ce  g iv es  the frequency of. an em ission  

l in e  must each be re la ted  to some q uan tity  c h a r a c te r is t ic  of 

one o f the o rb its  between which the e lec tro n  jumps. The f i r s t  

term o f a se r ie s  g iv e s  the lim it in g  frequency o f that se r iq s ,  

that i s  to say, i t  corresponds to the io n ized  s ta te  o f  the 

atom. Therefore tho q uan tity  to which any term corresponds 

must be the frequency connected w ith  the energy d ifferen ce  be

tween the io n ised  s ta te  o f the atom and the s ta te  a sso c ia ted  

w ith the term.

The frequeneyi) o f an em ission l in e  o f a s e r ie s  

i s  g iven  by an equation o f the form

■ 1) '  a -  -L . .
(^4.0J)

C being the constant termi m has su ccessiv e  in te g ra l  

v a lu es 0 6  the d istance from the nucleus o f the o rb it
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from which the e lectro n  jumps in cr ea se s , and a i s  a constant 

for the s e r ie s ,  depending on the azimuthal quantum number and 

the constants o f the atomic f i e ld .

I f  V, and W% are the energies o f  tho atom in  two 

s ta te s ,  the frequency ^  of the l in e  em itted when an e lec tro n  

jUTQps from an o rb it corresponding to the s ta te  2 to an o rb it  

corresponding to  the s ta te  1  i s  given by the r e la t io n : -

Thus the d ifferen ce  in  the en erg ies o f the o r b its  in  

tho case o f the o p tic a l s e r ie s  i s  given by an expression  of 

the form :-

I f  the c r i t i c a l  p o te n t ia ls  observed are to be in te r 

p reted , as we Imve suggested as corresponding to the en erg ies  

necessary to remove sn  e lec tro n  from one le v e l  to d if fe r e n t  

v ir tu a l le v è ls  beyond the periphery, we can see th at they can 

be represented  by en expression  o f the form :-

'  G t)

v/here C, and C*. are two terms, one o f which i s  constant end 

the other C« i s  o f the form g_and v a r ie s  in  th e  same way as ̂ O^CLj

the second term in  en  o p tic a l s e r ie s  provided that the o rb its  

to which the e lec tro n  i s  removed are further out than the 

normally occupied o r b its .

The values o f the observed p o te n t ia ls  are there

fo re  proportional to a quantity  which can bo expressed in  the form:
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The quantity  ( i s  not in te g r a l,  but

part o f  i t  m haa su cc ess iv e  in te g r a l va lu es a s we pass 

outwards from th e  nucleus* Hence i f  th e  quantity a  were 

known i t  should be p o s s ib le , by p lo t t in g  the observed  

va lu es o f  ^  fo r  any element aga in st su ita b le  values o f

to  obtain  a s tr a ig h t l i n e ,  passing  through the p o in ts  

a sso c ia ted  w ith  the removal o f  an e lec tro n  from any g iven  

l e v e l  to  d iffe r e n t  outer l e v e l s ,  ( i t  i s  obvious th a t the 

presence or absence o f  the constant C does not a f fe c t  the  

l in e a r  r e la t io n  between ^  and } ;

As a  i s  not known t h is  cannot a c tu a lly  be done 

but some evidence as to  th e in terp re ta tio n  o f th e  c r i t i c a l  

p o te n t ia ls  can n ev er th eless  be gained by p lo t t in g  the observed 

valu es o f aga in st va lu es o f where n  has su ccess iv e

in te g r a l values* This has been done fo r  a l l  the elem ents 

wherever p o ss ib le  and the f ig u r e  fo r  the element iron  i s  

given  as an example In fig u re  YÏV.

The f ig u r e  i s  drawn in  th e fo llo w in g  way. Values 

of are taken as ordinates and va lu es o f  ^n-^as abaciso&ë. 

V ertica l l in e s  are drawn corresponding to  va lu es o f ^

from n » 8  to  n  « 10 . (The l in e s  become too c lo se  together  

fo r  h igher va lues o f n on tho sc a le  shown). The observed 

valu es o f  are then so t on a l l  the v e r t ic a l  l in e s  as  

shown by the ringed p o in ts . Attempts a te  then made to  draw 

a stra ig h t l in e  passing through the ringed p o in ts  such that

f l .



the larger va lu es o f %  correspond to  the sm aller va lues  

of . Three such l in e s ,  and ( i i i ) ,  are shown in

th e  f ig u re  and I t  i s  obvious th at sev era l could be drawn but 

i t  i s  a lso  c le a r  that no l in o  which passed th r o u ^  the four 

lower p o in ts  d , ©, f  and g oould a lso  pass through th e  upper  ̂

p o in ts  b and o whatever valu es o f JL, are u sed . A l in e  can 

be drawn, however, (see  l in e  ( 1 1 1 ) ) p assin g  through b , c 

and d*

Thus i t  appears that the p o in ts b and c must be 

connected w ith removal o f on e lec tro n  from another le v e l  

than the p o in ts e^f and g . The point g has already been  

shown to  be a sso c ia ted  w ith  the U-rr-rrr l e v e l ,  so th a t tho 

p o in ts  b and o are presumably to  be a sso c ia ted  w ith  the Mt 

l e v e l ,

ÎÎO d e f in ite  conclusions can be drawn about the  

p oin t d from fig u r e  fo r  i t  can be seen th at i t  may l i e  

e ith e r  on a l in e  l ik e  ( i )  connecting d, ©, f  and g or on a 

l in e  l ik e  ( i l l )  connecting b , o and d . In the former case  

the point d corresponds to  a much la rg er  value o f n than  

in  th e  la t t e r  ca se .

However, i t  i s  very p o ss ib le  that th e  energy 

necessary to  remove an e lec tro n  from th e  Mt; l e v e l  to  a 

le v e l  in  th e  periphery or a l i t t l e  beyond i t  i s  very nearly  

oqual to  tho energy necessary to  remove an e lec tr o n  from

f



the TT 7̂  l e v e l  to  a le v e l  considerably fu rth er out 

and th at the c r i t i c a l  p o te n t ia ls  in  the two oases could  

not be d istingu lahod  in  tho expérim enta.

The conclusions reached by t h is  method as to  

the in te rp re ta tio n  o f the r e s u lt s ,  do th erefore  agree on 

the whole w ith the su ggestion s put forward b efo re , th a t  

tho pointa marked a , b , o and d^in fig u re  S T '"are to  bo 

a sso c ia ted  w ith  the removal o f  an e le c tr o n  from the Mt  

l e v e l  and th e p o in ts marked a , f  and g  w ith  tho removal 

of an e lec tro n  from th e Ht t L l e v e l .

Bohr considers the question  o f  the removal o f  

an e le c tro n  from an inner le v e l  when an absorption  process  

occurs, and, in  h is  th ird  essay (The Theory o f Spectra 

and Atomlo C on stitu tion ) he shows th at th ere  are three  

p o s s i b i l i t i e s .

These are (1) removal com pletely from the atom 

( 8 ) removal to  an incomploted group o f e lec tro n s and (3) 

remov a l  to  an o rb it where, during" the greater part o f i t s  

rev o lu tio n , i t  moves at a d istan ce  from the nucleus large  

compared w ith  th e  d istan ce  o f the other e le c tr o n s . He then  

goes on to  sa y , "on account o f the p ecu lia r  con d ition s o f  

s t a b i l i t y  which co n tro l the occurrence o f Incomplete 

groups in  the in te r io r  o f the atom, the energy which i s  

necessary to  bring about a tr a n s it io n  to  such a group w i l l  

in  general d if f e r  very l i t t l e  from that required to  remove

■



the p a r ticu la r  e lec tro n  com pletely from the atom. We must

th erefore  assume that the energy le v e ls  oorresponding to

the absorption edges In d icate  to  a f i r s t  approximation the

amoimt o f work which ia  required to  remove an e lec tro n  in

one o f the inner groups com pletely from the atom ,”

The su ggestion s which we have put forward do not

appear to  agree with th is  v iew , which i s  supported by the
1

experiments o f  Robinson  ̂ which have been mentioned b efore  ̂

but a c lo se r  examination o f Robinson*s r e s u lt s  shows that 

the two id eas may not be incom patible*

In Hobinson*s experim ents, the element under in 

v e s t ig a t io n  was exposed to  the rays o f copper and th e  

paths o f the e lec tro n s  lib er a te d  by p h o to e le c tr ic  a c tio n  

were bent by a uniform magnetio f i e ld  on to  a photographic 

plate* the radius o f  the path depending on the v e lo c ity  o f  

the electron* A " lin e  spectrum" o f  secondary corpuscular  

raya was produced, th is  " lin e  spectrum" being composed o f  

groups o f e lec tro n s  from d iffe r e n t  le v e l s  in  th e  atoms o f  

tho target*  Tho energy o f the photoeleotrons was ca lcu la ted  

from the value o f  tho magnetic f i e ld  and the radius o f  the  

path and* assuming th e  energy in  the in cid en t copper rays, 

the energy o f tho le v e ls  from which the e lec tro n s came could 

bo determ ined. The k in o tio  energy o f  the e lec tro n  i s  g iven  

by - ^ 0  _  VV

where V i s  the frequency o f the Incident raa ia tin n  anfl.H-----
1 / B o b in a  o n .



the work required to  free  the e lec tro n  from a le v e l  in  th e  

atom.

The co n d itio n a 'o f th ese  ©xporlmonta are obviously  

q u ite  d if fe r e n t  from th ose o f experimenta by other methods 

(spootrosoopio and e x c ita t io n  p o te n t ia l methods) fo r  d eter

mining c r i t i c a l  absorption froquenoies.

In tho experiments described abovo, i f  an e lec tro n  

i s  removed to  the periphery o f  the atom, there can be no 

in d ica tio n  o f the occurrence on the photographic p la te ,  

and the freq u en cies determinod from the p o s it io n s  o f  the  

l in e s  on the p la te  must correspond to  the io n isa t io n  p o te n t ia ls  

o f tho l e v e l s .

An examination o f tho r e s u lts  shows that tho  

agreement w ith  measurements by other methods and w ith Bohr’s 

and C oster’ s computed va lu es i s  very much b e tte r  fo r  the more 

deeply seated  le v e ls  in  the âtom than fo r  th ose nearer to
â.

tho surface# 2*or inctanoe^for the h ea v iest elem ents in v es

t ig a te d , bismuth ( ) and load 1̂ '2.^ <pZ) tho agreement

i s  qu ite  good for the M le v e ls  and fo r  some o f  tho IÎ l e v e l s ,  

but for  the l ig h te r  elem ents (o .g#  strontium  ) and

copper ( "2 .=%̂  ) ) the agreement ia  only good fo r  the L l e v e l s .

I t  i s  to  be n o ticed  th at in  the recttlts  for  the  

l ig h t e s t  elom ents, the agreement w ith  F r ick ek m ea su rem en ts  

fo r  the K lim it  i s  not very good fo r  tho elements magneu/üm 

{ z= /% sodium ( Z.» / > ) and oxygen ( ) and th a t fo r

S I  .



tho element a oaloima { )^potaaalum ( 2̂  ) , sulphur

( I -  /4 ) and magnoslum ( '1) the 1 resu lts are con

s is te n t ly  higher than Frioke’s measurementa#

For th ese  l ig h t  elem ents, th e  L le v e l  i s  near 

th e surface o f  the atom and i t  th erefo re  appears, i f  any 

re iia n o e  I s  to  be placed on th ose r e s u lt s ,  that fo r  the  

le v e ls  nearer to  tho surface o f the atom, d e f in i t e ly  more 

energy i s  required fo r  io n iza tio n  than fo r  removal o f the  

e lec tro n  to  tho periphery (Fricko’s r e s u lt s  being taken to  

represent tho l a t t e r ) .

I t  c e r ta in ly  seems reasonable to  suppose that  

th e  r a t io  o f the en erg ies corresponding to  removal o f  on 

e lec tro n  r ig h t ou tsid e the atom ( io n iza tio n ) and to  i t s  

removal to  tho periphery should be groat or fo r  ^  le v o l  

near the surface o f  tho atom than fo r  sl le v o l  near tho  

no c lo u s .

I t  has been suggested by various w r iter s  that the  

f in a  stru ctu re  o f the absorption  l im it s  observed sp ectro 

sc o p ic a lly  might be accounted fo r  by m ultip le  io n iz a t io n ,  

but i t  i s  d i f f i c u l t  to  see  how the r e s u lt s  obtained in  t h is  

research  could reasonably be accounted fo r  in  th is  way.

The energy required to  remove two e lec tro n s  from 

a g iven  la b e l cannot su rely  be l e s s  than tw ice the amount 

required to  remove one e lec tro n , and i f  the observed c r i t i 

c a l p o te n t ia ls  are to  correspond to  m u ltip le  io n iz a t io n  of

'  f t . .



a le v o l ,  we should expeot to  fin d  th a t the higher va lu es  

observed’are a t le a s t  as great as the corresponding m u ltip les  

o f the lower values#

I t  can be seen th a t , on th e contrary, the d i f f e r 

ences between the va lu es which we have connected w ith  the  

removal .of an e lec tro n  from th e same i n i t i a l  l e v e l  become 

su c c e ss iv e ly  sm aller as th e  va lu es o f  the c r i t i c a l  poten

t i a l s  increase^which i s  what we should expect i f  tho re

s u lt s  are to  be in terp reted  as we have suggested ,
1

Kcntzel has suggested that the f in e  stru ctu re  

of an absorption  d isco n tin u ity ;  might be explained by 

su ccess iv e  io n isa t io n  of the Ig v e l concerned, but i t  seems 

th a t the p ro b a b ility  o f th is  occurring ia  so sm all tloat i t  

i s  very u n lik e ly  th at d is c o n t in u it ie s  due to  e f f e c t s  of t h is  

kind would be d etecta b le  in  the curves obtained#

From the general l in o s  o f the arguments which have 

boon brought forward above, the conclusions reached are that 

the p o in ts a , b and c l^ae  f ig u re  X Î Î ) correspond to  th e  re 

moval o f an e lec tro n  from tho M % le v e l  to  le v e ls  beyond the  

periphery o f the atom and th e  p o in ts e and f  correspond to  the  

removal o f  an e lec tro n  from the MttTT le v e l  to  le v e ls  

beyond the periphery# The point only observed fo r  ir o n , 

ia  taken to  correspond to  removal to  the periphery from th e  

le v e l  i .e #  to  the Mtt^T absorption "lim it" and the

1# vycntzcl# Annalen d# Pliyaik# Ix v i 1981,
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point d to  correspond e ith e r  to  removal o f  the e lec tro n  

from the M le v o l  to  the periphery, i .e #  to  the M ~  

absorption  "lim it" or to removal from tho U l e v e l  to  a

le v e l  considerably fu rth er ou t.

V/e have shown that tho change o f slope in  the Moseley 

l in e s  in  th is  region  in d ica te s  that the development o f  tho 

whole M group i s  in  progress a t th is  stage  in  the p er io d ic  

ta b le ,  but i t  does not appear to  be p o ss ib le  to  make any 

fu rth er  deductions as to  the stages in  th e  development of 

the sub-groups from the r e su lts  obtained . There i s  no p o s s i

b i l i t y  o f determ ining from the method o f  experim ent/ whether 

corresponding e lec tro n  jumps w il l  occur in  a l l  the e lem en ts, 

but i t  seems reasonable to  suppose that t h is  w i l l  probably 

take p lace and the general l i e  o f  the dotted l in e s  in  fig u re  

^iT  seems to  suggest i t .

I f  the p o in ts observed arc p lo tted  on a la rg er  

sc a le  in  a Moseley diagram the dotted  l in e s  show s l ig h t  

ir r e g u la r i t ie s .  Since we cannot be certa in  that tho l in e s  

pass through corresponding pointa for  a l l  the elem ents, i t  

does not seem reasonable to  deduce anything from th ese  i r 

r e g u la r it ie s .  When the research was begun, i t  was thought 

tlm t the io n iz a t io n  p o te n tia ls  o f the le v e ls  would be measured. 

In t h is  ca se , i t  i s  ce r ta in  that p o in ts found fo r  a l l  the  

elem ents would have boon corresponding ones and i t  might 

have been p o ss ib le  to  deduce evidence as to  the stages o f



development o f the M group from I r r e g u la r it ie s  in  the  

Moseley l in e s .

Bohr’ s theory shows that in  the reg ion  o f  the  

rare oartha, a s im ila r  kind o f  change in  the development 

of an inner group i s  in  p rogress. This i s  the I: group 

and the oimngo begins a t atomic number 58 and a l l  four 

groupa are complote a t atomlo number 71. . .

Boiir and Coat or, and more recen tly  h lah ina, have 

computed the va lu es o f the 14 absorption l im it s  fo r  the e le 

ments in  th ia  reg ion , and thay have shown that tho Moseley 

l in e s  correaponding to  the inner h sub-groups 4,  ̂ 4 t  and 4 3 

show a regular slope over th is  reg ion , the slop e being l e s s  

steep  between the elem ents whioh mark the beginning and end 

o f  the change in  the c o n st itu t io n  of the group, ex a c tly  as 

has been found in  th is  research  fo r  the inner U sub-groups 

3 , and 3 % .

I f  Bohr’s view as to  the numbers of e lec tro n s in  

th e various sub-groups i s  accepted and i f ,  a s  appears to  

bo tho ca se , the Moseley l in o s  fo r  the inner sub-groups are 

approximately stra ig h t over a region  in  which a change in  

the c o n st itu t io n  of a group i s  occurring, then w© can only 

conclude th a t i t  makes no appreciable d iffer en ce  to  the  

a lte r a t io n  in  the sor@enii:ig constant fo r  a g iven  su b -lev e l  ̂

whether the e lectron #  a dded to  tho group, w hile i t  i s  in  

the process o f development^ontor one sub-group or another.



Thus, w hile tha experim ental r e s u lt s  obtained have 

not produced evidence supporting Bohr’s view that the U 

group o f e lec tro n s  when complete c o n s is ts  o f  throe sub

groups conta in ing  s ix  e lec tro n s each, thay are not nec

e s s a r ily  in  c o n f l ic t  w ith i t .  They support eq u a lly  w e ll th e  

view put forward by Stoner that the development o f th e  U 

group c o n s is ts  simply in  th e  ad d ition  o f ten  e lectro n s in  

o rb its  ou tsid e those of the e lec tro n s already bound in  the  

group.

1 , Stonor, Phil* Itag, Oct. 1924,


