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AN EXPERIM ENTAL DETERMINATION OF THE ELECTRON

DENSITY DISTRIBUTION IN METALLIC LITHIUM

In trod u ction

T h ere  have b een  few  a c cu ra te  d e te r m in a tio n s  of e le c tr o n  d e n s it ie s  

in  c r y s ta ls  and so m e  o f the m o s t  im p ortan t o n es  can  be b r ie f ly  

m en tio n ed .

The o ld er  w ork  is  th at of Com pton,*' H a v ig h u r st,  ̂ James^ and h is

c o w o r k e r s , on v a r io u s  s im p le  io n ic  c r y s t a l s .  J a m es^  h a s d is c u s s e d

5
th e se  e a r ly  in v e s t ig a tio n s  in d e ta il .  L a ter  B r i l l ,  G r im m , H erm an n , 

and P e te r s  m ad e m e a su r e m e n ts  on r o c k s a lt ,  d iam on d , h ex a m eth y len e  

te tr a m in e , m a g n es iu m  and a lu m in u m  w ith  the p a r tic u la r  v ie w  of

fin d in g  so m eth in g  out about the n atu re  of the bonding in  th e se  su b s ta n c e s .
£

M ore r e c e n t ly  A g eev  and c o w o rk er s  have stu d ied  s e v e r a l  m e ta ls ,  

a lu m in u m , co p p e r , n ic k e l and the com pound N iA l w ith  the e x p r e s s

p u rp o se  of in v e s tig a tin g  the d is tr ib u tio n  o f the v a le n c e  e le c tr o n s .  N aC l

7 8h as b een  r e in v e s t ig a te d  by R en n in g er , and Stam baugh h as m ad e a

Q
stud y of L iH . R ob in son , in  the c o u r se  of h is  w ork  on the com pound  

M njSiA lg, a ttem p ted  to  fin d  the v a le n c e  e le c tr o n s  in  o rd er  to  d ec id e  

q u estio n s  of v a le n c e  ch a rg e  tr a n s fe r  w h ich  had b een  r a is e d  p r e v io u s ly .

The ex ten t to  w h ich  in v e s t ig a t io n s  su ch  a s  the o n es m en tio n ed  have  

b een  s u c c e s s fu l  is  ra th er  u n cer ta in . D is c u s s io n s  and c r i t ic i s m s  

in vo lv in g  so m e  of the w ork  c ite d  r a is e  s tro n g  doubts a s  to  the v a lid ity  

of so m e  of the c la im s  put fo rw a rd  reg a rd in g  the d e ta ile d  ch arge



d is tr ib u tio n  in  s o l id s ,  but a ls o  en co u ra g e  the fe e l in g  th at su ch  

in fo rm a tio n  can be o b ta in ed .

T he p r e se n t  in v e s t ig a t io n  is  an oth er  a ttem p t to  fin d  the ch arge  

d is tr ib u tio n  in a c r y s ta l  and the m e ta l l ic  e le m e n t lith iu m  w as c h o sen  

fo r  th is  p u r p o se . L ith iu m , c r y s ta ll iz in g  in  a b o d y -c e n te r e d  cu b ic  c e l l  

and p o s s e s s in g  th re e  e le c tr o n s  p e r  a to m , is  the s im p le s t  m etal, fr o m  

the p o in t of v ie w  of b oth  the la t t ic e  s tr u c tu r e  and e le c tr o n ic  s tr u c tu r e ,  

that e x i s t s .  In p r in c ip le  it  sh ou ld  be the m e ta l m o s t  am en a b le  to  

th e o r e t ic a l tr e a tm e n t and its  p h y s ic a l p r o p e r t ie s  e a s ie s t  to  u n d erstan d . 

H o w e v er , a s  a su r v e y  and a c o m p a r iso n  of the th e o r e t ic a l  and  

e x p e r im e n ta l v a lu e s  of v e r y  m an y  p h y s ic a l p r o p e r t ie s  of lith iu m  sh o w , 

it  cannot y e t  be sa id  to be w e ll  u n d ersto o d . E x p e r im e n ta l data a re  

a lw a y s w e lc o m e  under su ch  c ir c u m sta n c e s  and th is  stu d y  w as u n d er­

taken  to s e e  if so m e  in fo rm a tio n  cou ld  be co n tr ib u ted  w ith  r e s p e c t  to  

its  e le c tr o n ic  s tr u c tu r e . A ls o ,  the p o s s ib i l i t y  o f s u c c e s s  in  ga in in g  

in fo rm a tio n  about the v a le n c e  e le c tr o n s  is  g r e a te r  the g r e a te r  the 

fr a c tio n  of to ta l ch arge  co n tr ib u ted  by the v a le n c e  e le c tr o n s .  In th is  

r e s p e c t  a m o r e  fa v o ra b le  d iv is io n  o f ch a rg e  b e tw een  " c o r e ”  and  

“ v a le n c e 1* is  to  be found in  lith iu m  than in  any of the m e ta ls  e x ce p t  

b e r y lliu m . F u r th e r m o r e , it  w a s d e s ir e d  to  ch eck  so m e  data of 

G r iff ith ^  obtained  in  th is  la b o ra to ry  so m e  y e a r s  a g o . H is  r e s u lt s  

s u g g e s te d  an a ccu m u la tio n  o f ch a rg e  at the p o in t m id w ay  b e tw een  a tom s  

along the c e l l  e d g e .



P r e v io u s  x - r a y  w ork  on lith iu m  can  be su m m a r iz e d  in a few  

s ta te m e n ts . H u ll, ^  m an y  y e a r s  a g o , su g g e s te d  the b o d y -c e n te r e d  

cu b ic  s tr u c tu r e  on the b a s is  of D e b y e -S c h e r r e r  p h o to g ra p h s. T he  

c o r r e c tn e s s  o f th is  s tr u c tu r e  w as d em o n stra ted  s u c c e s s iv e ly  by  

B ijv o e tlZ  and by S im o n ^  and V o h sen . L a te r , P a n k o w ^  d e r iv ed  

a to m ic  fo r m  fa c to r s  fr o m  D e b y e -S c h e r r e r  ph otograp h s taken  a t v a r io u s  

te m p e r a tu r e s  and u sed  th em  to ev a lu a te  the c h a r a c te r is t ic  te m p e r a tu r e .  

G r iff ith ^  u t iliz e d  a pow d er sp e c tr o m e te r  w ith  io n iza tio n  ch a m b er  to  

obtain  f -v a lu e s  and e le c tr o n  d e n s it ie s  in  the lith iu m  la t t ic e .

E x p e r im e n ta l

P r e p a r a tio n  of c r y s t a ls .

The lith iu m  u sed  w a s C. P . m e ta l lum p obta ined  fr o m  E im e r  and 

A m en d . No a n a ly s is  or l i s t  of im p u r itie s  w as fu rn ish ed  w ith  the  

sa m p le . A ll handling of the lith iu m  and a ll  m a n ip u la tio n s in v o lv ed  in 

the p r e p a r a tio n  of the c r y s t a ls  w e r e  c a r r ie d  out in  a d ry  box under a 

d ry  a tm o sp h ere  of h yd rogen  or h e liu m .

The c r y s ta ls  w e re  grow n  and p r e p a r ed  fo r  ex a m in a tio n  by the  

fo llo w in g  p ro ced u re: A  lum p of lith iu m  w as tak en  fr o m  the rea g en t  

b o ttle  and s m a ll  ((roughly one to  tw o m il l im e te r s  on an e d g e ) , c le a n  

p ie c e s  w e re  cut fr o m  it  w ith  a r a z o r  b la d e . T h e se  p ie c e s  w e r e  p la ced  

in  l i t t le  g la s s  cups w h ich  w e r e  th en  in v e r te d  (s in c e  the d e n s ity  of L i is  

l e s s  than that of p ara ffin ) and im m e r s e d  in a b ea k er  of hot m e lte d  

p a ra ffin . A  s m a ll  hot p la te  h ea ted  the p a ra ffin  to  a te m p er a tu r e  s o m e ­



w hat above 188°C , the m e lt in g  p o in t of l ith iu m . W hen the lith iu m  had  

m e lte d , it  w a s a g ita ted  by p la c in g  the in v e r te d  cup o v er  a g la s s  rod  

and ro ta tin g  the cup . T he a g ita tio n  ca u sed  the p ie c e  of lith iu m  to  

b rea k  up into n u m ero u s g lo b u le s . T he p a ra ffin  w as th en  p e r m itte d  to  

c o o l and , the g lo b u le s  fr o z e  a s  the te m p er a tu r e  p a s s e d  th rou gh  th e ir  

m e ltin g  p o in t. The l i t t le  s p h e r e s  of lith iu m  w e r e  r em o v ed  fr o m  the  

p a r a ff in , the r e s id u a l p a ra ff in  c lin g in g  to th em  w as in  tu rn  rem o v ed  

by a d so rb en t t is s u e  p a p e r , and the s p h e r e s  w e r e  m ou n ted  on s m a ll  

g la s s  c a p il la r ie s  w ith  s h e l la c .  W hen the s h e lla c  had d r ied  the s p e c im e n s ,  

ran ging  in  s iz e  fr o m  0 .5  m m . to  1 m m . in  d ia m e te r , w e r e  d ipped  

in  m e lte d  p a ra ffin  to  fu r n ish  th em  w ith  a th in  p r o te c t iv e  co a tin g .

B io lo id  em b ed d in g  p a r a ff in , m , p . 5 6 -5 8 ° C , w as u sed  both  fo r  h ea tin g  

the lith iu m  and fo r  co a tin g  the s p h e r e s .

W hen f i r s t  fo r m e d  under p a ra ffin  the g lo b u le s  w e r e  sh in y  but by  

the tim e  th ey  had r ea c h e d  the coa tin g  s ta g e  the su r fa c e  had d ark ened  

so m ew h a t. H o w e v er , b e in g  co a ted  th ey  cou ld  stan d  in a ir  fo r  m an y  

d ays or evnn w eek s  w ith out d e te r io r a t io n  beyond  the in it ia l ta r n ish in g .

The s p e c im e n s  w e re  r em o v ed  fr o m  the d ry  b o x , m ou nted  on  

g o n io m eter  h ead s and ex a m in ed  w ith  x - r a y s  to  s e e  w h eth er  or not th ey  

w e r e  s in g le  c r y s t a ls .  M any b a tch es  of s p h e r e s  w e r e  p r e p a r ed  in  th is  

fa sh io n , and one sp h e r e  in  about s e v e n  or e ig h t r e su lte d  in  a s in g le  

c r y s ta l .  W hen a c r y s ta l  w as ob ta in ed , it w as a lig n ed  p h o to g ra p h ica lly  

and tr a n s fe r r e d  to  a s p e c tr o m e te r  fo r  in te n s ity  m e a s u r e m e n ts .



M ea su r e m en t of In te n s it ie s

F o r  the m e a su r e m e n t of the L a u e -B r a g g  s c a tte r in g  a s in g le  c r y s ta l

s p e c tr o m e te r  w as used  in  con ju n ction  w ith  a G e n e ra l E le c tr ic  X R D -3

X -R a y  D iffr a c tio n  U nit. The sp e c tr o m e te r  is  the sa m e  one u sed  by

15e a r l ie r  in v e s t ig a to r s  in  th is  la b o r a to r y , Van H orn in  h is  stud y  of 

L i20 ,  G r iff ith ^  in  h is  stud y  of lith iu m , and Stambaugh® in  h is  study  

of L iH , but m o d ified  fo r  s in g le  c r y s ta l  in te n s ity  m e a s u r e m e n ts . The  

pow d er sp e c im e n  h o ld er s  and a ccom p an y in g  low  tem p er a tu r e  ap p aratus  

fo r m e r ly  em p lo y ed  have b e e n  r e p la c e d  by a g o n io m eter  head  for  the 

c r y s ta l  and new  a c c e s s o r ie s  fo r  low  te m p era tu re  m e a s u r e m e n ts .  

P r o v is io n  has b een  m ad e fo r  the m o tio n  of the r e c e iv in g  s l i t  and g e ig e r  

cou n ter  a lon g  a v e r t ic a l  a r c  in ad d ition  to  its  m o tio n  a lon g  the h o r izo n ta l  

a rc  m ak ing  p o s s ib le  the m e a su r e m e n t of r e f le c t io n s  on n o n -e q u a to r ia l  

la y e r s  of the r e c ip r o c a l la t t ic e .  A ls o  the sp e c tr o m e te r  has b een  

equipped w ith  a g ea r in g  a s s e m b ly  so  that the c e n tr a l sh a ft c a rry in g  

the g o n io m eter  head  can be d r iv e n  at a s e r ie s  of d iffe re n t sp e e d s  

w h ich  a re  in s im p le  r a tio  to  one a n o th er . F ig u r e  1 sh ow s the a p p a ra tu s.

T he x - r a y  unit co n ta in s  its  own r ec o r d in g  in stru m en ts  and g e ig e r  

tube and is  d e sc r ib e d  fu lly  in  the in s tr u c tio n  m an u al accom p an y in g  

the in stru m en t.

The c r y s ta l  is  p o s it io n ed  w ith  r e s p e c t  to the x - r a y  b ea m  and the  

r e f le c t io n s  a re  p rod u ced  in e x a c t ly  the sa m e  m an n er as in  the ord in a ry  

ro ta tin g  c r y s ta l  p h otograp h ic  m eth od .





F o r  ex a m in a tio n  of a c r y s t a l ,  a tab le  w as ipad e up g iv in g  the 

r e f le c t io n s  o c c u r r in g  on e a ch  la y e r  l in e ,  the an gu lar  settin g  of the

g e ig e r  co u n ter  fo r  e a ch  r e f le c t io n  a s  d e te r m in e d  fr o m  the B ra g g  

r e la t io n , (for n o n -z e r o  la y e r  lin e  le v e l s  th is  w il l  in c lu d e  the p o la r  

a n g le  a s  w e ll  a s  the a z im u th a l a n g le ) and the r e la t iv e  c r y s ta l  

o r ien ta tio n  fo r  e a ch  r e f le c t io n  as  g iv e n  by a s im p le  r e c ip r o c a l  la t t ic e  

c o n s tr u c tio n , a l l  ap p ro p ria te  to  the c r y s ta llo g r a p h ic  a x is  about w h ich  

the c r y s ta l  happened  to be a lig n ed . T h is  in fo rm a tio n  a llo w s  any  

r e f le c t io n  to  be p ick ed  up r e a d ily  a fter  one r e f le c t io n  has b e e n  found. 

A t any te m p er a tu r e  e a ch  r e f le c t io n  is  c h a r a c te r iz e d  by its  in teg ra ted  

in te n s ity  Iq<» a quantity  w h o se  a b so lu te  v a lu e  is  g iv en  by the w e ll  

known e q u a t io n s^

T h en , to m e a su r e  the in teg r a te d  in te n s ity  of a r e f le c t io n  the g e ig e r  

cou n ter  w as s e t  at the p ro p er  p o s it io n  to r e c e iv e  the d iffr a c ted  b e a m , 

the c r y s ta l  w as d r iv e n  th rou gh  its  range of r e f le c t io n , the g e ig e r  

cou n ter  b e in g  h eld  s ta t io n a r y , and the to ta l e n e rg y  w as m e a s u r e d  a s  the

^IF1/  x rfbsorp, fa c k r  (l)

w h ere  Erp = to ta l e n e r g y  r e f le c te d  by the c r y s ta l  a s  it  
r o ta te s  th rou gh its  r e f le c t in g  range

CU = an gu lar v e lo c i ty  of c r y s ta l  ro ta tio n

I0 = in te n s ity  of in c id en t b ea m

n u m b er of counts r e c o r d e d  by the s c a le r  fo r  the p e r io d  of t im e  the



c r y s ta l  w as ro ta ted . It w a s not p o s s ib le  to  d e r iv e  a b so lu te  v a lu e s  of 

the in teg r a te d  in te n s it ie s  b e c a u se  IQ w a s unknown. T h e r e fo r e , the 

m e a su r e d  e n e rg y  of a r e f le c t io n  w a s tak en  d ir e c t ly  as a r e la t iv e  

in teg r a te d  in te n s ity  (a fter  c o r r e c t in g  fo r  b ack groun d  ra d ia tio n  as  

m en tio n ed  b e lo w ) w ithout m u lt ip lic a t io n  b y  CJ , w h ich  had the sa m e  

v a lu e / 6-t)/ fo r  m o s t  r e f le c t io n s .  In the few  c a s e s  w h ere  a d if fe re n t  

w as u sed  the e n e r g ie s  w e r e  m u lt ip lie d  by the r a tio  Û /j Q to  b r in g  th em  

on the sa m e  r e la t iv e  s c a le  a s  the o th e r s .

W hile the c r y s ta l  w a s ro ta tin g  th rou gh  its  r e f le c t io n  the ch art  

r e c o r d e r  s im u lta n e o u s ly  d rew  the sh ap e  of the r e f le c t io n  and any  

ir r e g u la r it ie s  cou ld  e a s i ly  be n oted .

In o r d e r  to  m ak e low  te m p er a tu r e  m e a su r e m e n ts  the c r y s ta l  w as

17c o o led  in a m an n er s im ila r  to th at d e s c r ib e d  by R h od es. N itr o g e n  

w as b o iled  fr o m  a dew ar r e s e r v o ir  th rou gh  co o lin g  c o ils  im m e r s e d  in  

liq u id  n itro g e n  in to  a d ew ar tr a n s fe r  tu b e. T h is  tube le d  in to  a ch am b er  

w h ich  f it te d  o v er  the g o n io m eter  h ead  and c r y s ta l .  T he e x it  end of the 

tr a n s fe r  tube w as s itu a ted  im m e d ia te ly  above the c r y s ta l  w h ich  w as  

th en  c o o led  by the co ld  g a s  is su in g  fr o m  the tu be. The d ew a r  tr a n s fe r  

tube c o n s is te d  of tw o c o n c e n tr ic  g la s s  tu b e s . T he in s id e  su r fa c e  of 

the ou ter  tube and the o u tsid e  su r fa c e  of the in n er  one w e r e  s i lv e r e d  

and the sp a c e  b e tw een  the tw o e v a cu a ted . A  ce llo p h a n e  w indow  on the 

ch am b er p e r m itte d  the p a s s a g e  of the in c id en t and d iffr a c ted  b ea m  w ith  

low  a b so rp tio n .



T he m eth od  of c o o lin g  p r ec lu d ed  the u se  of a th erm o co u p le  fo r

te m p er a tu r e  m e a s u r e m e n t , and the te m p er a tu r e  w as on ly  e s t im a te d

fr o m  the change in  B ra g g  an g le  fo r  a h igh  o rd er  r e f le c t io n  r e la t iv e

to it s  v a lu e  at ro o m  te m p e r a tu r e , to g e th er  w ith  the known la tt ic e

co n sta n t and c o e f f ic ie n t  of ex p a n sio n  of lith iu m  at 9 5 °K .

A c cu ra te  te m p er a tu r e  m e a s u r e m e n ts  w e r e  not m ade and it w as

on ly  d e te r m in e d  that the data  w e r e  ob ta in ed  at te m p e r a tu r e s  in  the

ran ge 77°K  - 110°K. T h is  can  be s e e n  fr o m  the fo llo w in g  c o n s id e r a -

18t io n s . F r o m  L o n sd a le  and H u m e -R o th e r y 's  v a lu e s  of the la tt ic e

co n sta n t at ro o m  te m p er a tu r e  and at 90°K  the sh ift  in  the B ra g g  an g le

fo r  the 330 r e f le c t io n  w a s  com p u ted  fr o m  B r a g g ’s eq u ation  in

d iffe r e n c e  fo r m

A & /d e g r e e s /  = 5 7 .3  tan S  -----2-
a o

and n u m e r ic a lly  w as 1°8 fo r  CuKa r a d ia tio n . M ea su red  d isp la c e m e n ts

of the 330 r e f le c t io n  ca m e to  th is  am ount w ith in  e r r o r s  of m e a su r e m e n t

of ^  6 in  2 & or ^  3 in  0  . So the te m p era tu re  w as around

90 °K  w ith  an u n certa in ty  co rr e sp o n d in g  to an u n certa in ty  in  A of

around 3 . S ettin g  A 6  = 3 /6 0  d e g r e e s  and so lv in g  fo r  A a Q g iv e s  a

change in c e l l  co n sta n t of .0 0 1  A ° . A t 9 5 °K  the c o e f f ic ie n t  of l in e a r

ex p a n sio n  of lith iu m  is  17 x  10 d e g -  ̂ a cco rd in g  to  S im on  and

19B erg m a n n . T he te m p er a tu r e  change c o rresp o n d in g  to a c e l l  co n sta n t

change of . 001 A °  w as c a lcu la te d  fr o m  the d e fin itio n  of the c o e f f ic ie n t  

of lin e a r  ex p a n sio n  as



10

„ _ 1 A ao
a o AT

AT = ^ a °  = •   ■2=j 17°
a Do 3 . 48 x  17 x  10

T h is  is  the e s t im a tio n  of u n cer ta in ty  in the tem p er a tu r e  and is  the

b a s is  fo r  the above s ta te m e n t that the m e a su r e m e n ts  w e r e  c a r r ie d

out in  the range 7 7 °K  - 110°K. T he a g r e e m e n t of the low  tem p era tu re

data fr o m  c r y s ta l  to  c r y s ta l  s u g g e s ts  that e ith e r  the te m p er a tu r e  w as

c lo s e ly  the sa m e  in  a l l  c a s e s  or that the in te n s it ie s  w e re  not v e r y

te m p era tu re  s e n s it iv e  in  the range 7 7 °K  - 110°K.

A t the low  te m p er a tu r e  the z e r o  le v e l  la y e r  lin e  r e f le c t io n s  on ly  

w e r e  ex a m in ed  b e c a u se  the co ld  g a s  tr a n s fe r  tube w as s itu a ted  so  

c lo s e  to  the c r y s ta l  as to  in te r fe r e  w ith  a n o n -e q u a to r ia l r e f le c te d  

b ea m . Thus one c r y s ta l  d id  not su ff ic e  to fu rn ish  co m p le te  data and 

oth er  c r y s ta ls  a lig n ed  a lon g  d if fe r e n t a x e s  and w h ich  gave d iffe re n t  

eq u a to r ia l r e f le c t io n s  had to  be m ou n ted . N a tu ra lly  so m e  r e f le c t io n s  

ap p eared  on the z e r o  le v e l  fo r  s e v e r a l  ro ta tio n  a x e s  w h ile  o th ers  

ap p eared  for  ju st on e. T h is  is  the r e a s o n  m o r e  m e a su r e m e n ts  w e r e  

m ad e on so m e  in d ex  ty p es  than o th e r s .

A t ro o m  tem p era tu re  the data did  not ex ten d  beyond the (400) 

r e f le c t io n . T h is  l im it  a r o se  w ith  cop p er  ra d ia tio n  b e c a u se  of the 

con d ition  im p o se d  by B ragg*s law  th at the in d ic e s  of the h ig h e s t  ord er  

r e f le c t io n  p o s s ib le  m u st be su ch  that
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- / h 2 + k2 + 12 ^  i a °,
A

L ettin g  a Q = 3 . 5 A °  and X  = 1. 54 A °  th is  g iv e s

h2 + k2 + l 2 <  4 .  55

and the h ig h e s t  o rd er  r e f le c t io n  p o s s ib le  is  the (420) fo r  w h ich

V h 2 + k2 + 1Z = 4 .4 7 .  In p r a c t ic e  e v en  th is  w a sn 't o b se rv a b le  b e c a u se  

the g e ig e r  cou n ter  and r e c e iv in g  s l i t  w e re  b lo ck ed  by the in c id en t b ea m  

c o llim a to r  m ou ntin g  b e fo r e  th ey  cou ld  r e a c h  the h igh  B ra g g  an g le  at 

w h ich  the (420) r e f le c t io n  o c c u r s ,  and m e a su r e m e n ts  ended at the  

(400) r e f le c t io n . A ttem p ts  to o v e r c o m e  th e se  lim ita t io n s  by  u sin g  a 

sh o r te r  w ave len g th  w e r e  u n su c c e s s fu l . F o r  m olyb d enu m  Ka r a d ia tio n , 

A = .7 1 , the r e s tr ic t io n  on the in d ic e s  is

- /  h2 + kz + l2 <  9 .8 6

In p r in c ip le  r e f le c t io n s  out to the (844) fo r  w h ich  y  h2 + k2 + l 2 =

9 . 80 a re  a c c e s s ib le  to o b se r v a tio n . E x p e r im e n ta lly , h o w e v e r , the  

in te n s it ie s  of the r e f le c t io n s  beyond the (400) w e r e  too w eak  to  be 

m e a su r e d . T h is  w as a co n seq u en ce  of the low  s c a tte r in g  p ow er of 

lith iu m  fo r  m olyb d en u m  ra d ia tio n  (eq u ation  J  sh ow s that the 

in teg ra ted  in te n s ity  is  p ro p o r tio n a l to  A ^ ), and the w eak en in g  e ffe c t  

of the la tt ic e  th er m a l m o tio n  on the in te n s it ie s .

B oth  ra d ia tio n s  w e re  a ls o  u sed  at the low  te m p e r a tu r e . A ga in

the cop p er data w e re  n e c e s s a r i ly  r e s tr ic te d  to  21̂ 1— v a lu e s  not g r e a te r

than that c o rresp o n d in g  to the (400) r e f le c t io n  ✓■v O .b ll B ut theA
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red u ced  th e r m a l m o tio n  of the la t t ic e  r e su lte d  in  an in c r e a s e  of the  

in te n s it ie s  g r e a t  enough to  a llo w  m e a su r e m e n ts  w ith  m olyb d en u m  

ra d ia tio n  out to  v a lu e  of .9 0 8  c o rresp o n d in g  to  the (620)

r e f le c t io n .

T he e x p e r im e n ta l in t e n s i t ie s ,  i .  e .  , the n u m b er of counts r ec o r d e d  

by the s c a le r ,  had to be c o r r e c te d  fo r  backgroun d  ra d ia tio n  b e fo re  

u se  cou ld  be m ad e of th em  in  c a lc u la t io n s . T o th is  end hundred seco n d  

counts w e r e  tak en  w ith  the r e c e iv in g  s l i t  h e ld  a t the B ra g g  r e f le c t io n  

an gle  and w ith  the c r y s ta l  s e t  s ta t io n a r y  th ree  or  fou r d e g r e e s  off 

the r e f le c t io n  p ea k . T he ch a rt r e c o r d e r  w as a co n v en ien t guide in  

fix in g  the c r y s ta l  s e t t in g s  fo r  th e se  r e a d in g s . C ounts tak en  on ea ch  

s id e  of the r e f le c t io n  w e r e  a v e ra g e d  to  g iv e  the m ea n  background  

in te n s ity  o v er  the r e f le c t io n  ra n g e . T he a v e r a g e  background counting  

r a te  w a s m u ltip lied  by the tim e  during w h ich  counts w e re  tak en  w hen  

the r e f le c t io n  w a s m e a s u r e d , and the r e s u lt  su b tra c te d  fr o m  th eto ta l 

n u m ber of counts r e c o r d e d . T he r em a in d er  w a s tak en  a s  the tru e  

r e la t iv e  in teg ra ted  in te n s ity  of the r e f le c t io n . T he dead  tim e  of the 

g e ig e r  tube u sed  is  about 25 x  1 0 s e c o n d s . The a v e ra g e  counting  

ra te  se ld o m  e x ce e d e d  600 counts p er  seco n d  and no c o r r e c t io n  for  

m is s in g  counts w a s n e c e s s a r y .  T he in teg ra ted  in te n s it ie s  of n on -

the an g le  b e tw een  the e q u a to r ia l p lan e  and the r e f le c te d  b e a m , and

eq u a to r ia l r e f le c t io n s  w e r e  m u lt ip lie d  by y - , ^  w h ere  IA is
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$  is  the B ra g g  a n g le . T h is  quantity  is  the m o d if ic a tio n  to the  

L orentz fa c to r  w h ich  c o r r e c t s  fo r  the lo n g e r  tim e  the r e c ip r o c a l  

la t t ic e  p o in t sp en d s p a s s in g  th rou gh  the sp h e r e  of r e f le c t io n . The  

r e su lt in g  v a lu e s  fo r  the in teg r a te d  in te n s it ie s  a r e  th o se  w h ich  w ould  

have b een  m e a s u r e d  d ir e c t ly  had the r e f le c t io n  o c c u r r e d  on the  

z e r o  le v e l .

W ith th e se  c o r r e c t io n s  the e x p e r im e n ta l in te n s it ie s  a r e  l is te d  in  

T a b le s  I and II. T ab le  I sh o w s the ro o m  te m p er a tu r e  r e s u lt s  and 

T ab le  II sh o w s the low  te m p er a tu r e  r e s u lt s .  T he n u m b er h ead in g  a 

co lu m n  id e n t if ie s  the sa m e  c r y s ta l  th rou gh ou t.

T ab le  I

hkl 1 2 3 4 5 6 13

110 18510 58367 23512 91775 10774 113047 93233

200 6536 - 8308 33917 3966 40519 -

211 2797 9796 3616 13833 1618 17197 13682

220 1298 4847 1808 6600 767 7930 7020

310 - - 815 3587 390 4332 -

222 408 - 515 2068 239 2663 -

321 - 966 325 1278 153 1596 1334

400 186 - 227 910 - 1190 -

330 161 582 202 753 84 963 864
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Table Ila

hkl

110

200

211

220

310

222

321

400

330

20986 5993

5227 1478

3237 838

2043

367

386

52503 9836 14250

3117

4285

12206 2334

7446 1367

715

547

1314

29776

3389

1992 9230

4811

3800



15

T able lib

hkl

110

200

211

220

310

222

321

400

330

411

420

332

422

510

431

521

440

530

600

532

620

62241

27775

9018

5859 50110

8

97104

24872

16790

8 10 11

4056 25576

13760

10384 2194 14434

5710

3834

1995

2798

1590

2093

468

1104

665

607

285

16830

9006 6526

5602

2713  

2617 1785

1654

1082

32472

6836

5707

2797

1967

788



T he ro o m  te m p er a tu r e  data l i s t e d  in  T ab le  I w e r e  a ll  tak en  on  

c r y s ta ls  w h ich  had b e e n  c o o le d  to  around 100°K  b e fo r e  m e a su r e m e n t .  

C r y s ta ls  w h ich  had n ot b e e n  p r e v io u s ly  c o o led  ex h ib ited  la r g e  d if f e r ­

e n c e s  fr o m  c r y s ta l  to  c r y s ta l  in  the in te n s it ie s  of the low  o rd er  

r e f le c t io n s  but a fter  c o o lin g  the in te n s it ie s  of th e se  r e f le c t io n s  fr o m  

d iffe r e n t c r y s ta ls  ca m e in to  a g r e e m e n t and w e r e  a ls o  c o n s id e r a b ly  

h ig h e r . F o r  ex a m p le  the in te n s it ie s  at ro o m  te m p er a tu r e  of the(llO ) 

r e f le c t io n s  fr o m  the d if fe r e n t c r y s ta ls  w e r e  of the o rd er  of th ir ty  p e r c e n t  

g r e a te r  than the in te n s it ie s  of the sa m e  r e f le c t io n  fr o m  the sa m e  

c r y s ta ls  at ro o m  te m p er a tu r e  b e fo r e  c o o lin g . E v id en tly  the c r y s ta ls  

grew  w ith  a ra th er  h igh  d e g r e e  of p e r fe c t io n  w h ich  r e su lte d  in  c o n s id e r ­

ab le  ex tin c tio n .

T re a tm en t of the E x p e r im e n ta l D ata  

F o r  the n o rm a l b ea m  s in g le  c r y s ta l  a r ra n g em en t the r e la t iv e  

in teg ra ted  in te n s ity  of an eq u a to r ia l r e f le c t io n  is  g iv en  by equ ation  ( l )  

r e w r itte n  as

Tt _ 1 + c o s 2 2 9  ^
IT " s in  2 Q Ft  x  a b so rp tio n  fa c to r  (2)

w h ere  F^, s ig n if ie s  a r e la t iv e  s tr u c tu r e  am p litu d e p er  unit c e l l  at

tem p era tu re  T . S in ce  the s p e c im e n s  w e re  s p h e r ic a l in  sh a p e , and

s in c e  the lin e a r  a b so rp tio n  c o e f f ic ie n t  of lith iu m  is  s m a ll  s o  that the

21p rod u ct JJL R is  a ls o  s m a l l ,  the a b so rp tio n  fa c to r  is  e s s e n t ia l ly  

ind ep en dent of 6  and can  be in c o r p o r a te d  into the r e la t iv e  s tr u c tu r e  

a m p litu d e . A ls o ,  s in c e  F  = 2f fo r  lith iu m , w h ere  f is  the a to m ic  fo r m
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fa c to r , the d is c u s s io n  can  be c a r r ie d  out in  te r m s  of the a to m ic  

s tr u c tu r e  fa c to r  ra th er  than the s tr u c tu r e  a m p litu d e , and the r e la t iv e  

in teg ra ted  in te n s ity  a t tem p er a tu r e  T can he s e t  down as

!■ .  i  l f -S l2 2-8 -  x  q *  (3)
T sm  2 O L

f^, b e in g  a r e la t iv e  a to m ic  fo r m  fa c to r  at te m p era tu re  T .

T he e x p e r im e n ta l r e la t iv e  in teg ra ted  in te n s it ie s  of the L a u e -  

B ra g g  r e f le c t io n s  l is te d  in  T a b le s  I and II w e re  c o n v erted  into r e la t iv e  

a to m ic  fo r m  fa c to r s  th rou gh  u se  of the above eq u ation  w r itte n  as

f T
» = ^/Ti s in  2 #
T V T 1 + cos*  z e  • (4)

The r e su lt in g  s e t s  of f^, 's w e re  on in d ep en d en tly  a r b itr a r y  s c a le s

and it w as n e c e s s a r y  to p la c e  th em  on a com m on  s c a le  fo r  a v e ra g in g .

To th is end one s e t  w as d e s ig n a te d  as  a r e fe r e n c e  s e t  w ith  r e la t iv e  
>

fo r m  fa c to r s  ^ (r e f e r e n c e )*  A noth er s e  ̂ îa<  ̂ r e la t iv e  fo r m  fa c to r s

fT(x)* Ttie ra tio

^ T (re feren ce )

fT (x)

w as com puted  fo r  r e f le c t io n s  com m on  to ea ch  s e t .  T h is  ra tio  w ould  

be the sa m e  for  a ll  r e f le c t io n s  if the m e a su r e m e n ts  w e re  e x a c t  and  

the tw o c r y s ta ls  gave e x a c t ly  the sa m e  r e la t iv e  in t e n s it ie s .  In 

p r a c t ic e  th e se  c ir c u m sta n c e s  do not hold  and the above r a tio  w as  

a v e ra g e d  fo r  the r e f le c t io n s  com m on  to the tw o s e t s  and th is  a v e ra g e  w as
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u sed  as  a m u lt ip lic a t io n  fa c to r  to b r in g  the v a lu e s  f-j'(x) sa m e

s c a le  a s  the r e fe r e n c e  s e t .

C r y sta l num ber fou r w a s tak en  a s  r e fe r e n c e  for  the low  te m p e r a ­

tu re  data and nu m ber s ix  fo r  ro o m  te m p e r a tu r e . T he r e f le c t io n s  at 

h ig h er  v a lu e s  of s in B fa  » th o se  beyond the (3 3 0 ), w ere  a v era g ed  

s e p a r a te ly  and fit te d  to  the lo w e r  o n es th rou gh  r e f le c t io n s  com m on  to  

b oth . T he r e la t iv e  a to m ic  fo r m  fa c to r s  obtained  in th is  m an n er  a re  

g iv en  in  T a b le s  III and IV . T ab le  III g iv e s  th e ro * m  tem p era tu re  

r e s u lt s  and T ab le  IV the lo w  te m p er a tu r e  r e s u l t s .

T ab le  III

hkl 1 2 3 4 5 6 13 av.

110 2 0 3 .1 1 9 0 .8 2 0 3 .4 2 0 1 .4 203 . 1 200 . 8 1 9 9 .5 200 . 3

200 1 5 2 .8 - 1 5 3 .0 155. 0 1 5 5 .9 1 5 2 .2 - 153. 8

211 1 1 5 .7 114. 5 1 1 6 .9 114. 5 115. 3 114. 8 112. 1 114. 5

220 8 6 .6 88 . 5 9 0 .8 8 7 .2 8 7 .2 8 5 .6 8 8 .2 87 . 8

310 - - 6 3 .3 6 6 . 6 6 4 . 6 6 5 .8 - 6 5 . 1

222 4 9 .6 - 4 9 .5 4 9 .8 4 9 .7 5 0 .7 - 4 9 .9

321 - 3 7 .6 3 6 .7 3 6 .4 37 . 1 36 . 6 36 . 6 3 6 .8

400 27. 5 - 2 7 . 0 27 . 1 - 2 7 .9 - 2 7 .4

330 21. 1 21 . 2 21 . 0 20 . 3 1 9 .9 2 0 .7 2 1 .4 2 0 .9
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Table IVa

hkl 1 2 3 4 5 6

110 5 7 .9 0 58,, 93 5 9 .3 7 5 9 .5 3 5 9 .2 8 -

200 - - - 4 9 .7 5 - 50 . 09

211 4 2 .4 4 4 2 .9 7 * 4 2 . 04 4 2 . 58 4 2 .4 6 -

220 36 . 59 3 5 .4 7 3 5 .9 8 3 5 .7 1 3 5 .6 7 3 5 .4 4

310 3 0 . 10 - - - 3 0 .0 0 -

222 - - - 2 6 .1 5 - 2 5 .9 1

321 - 22. 00 21 .82 - - -

400 - - - 18. 51 - 1 8 .6 3

330 1 6 .0 0 _

7

6 1 . 0 8

2 9 .7 5



hkl

110

200

211

220

310

222

321

400

330

411

420

332

422

510

431

521

440

530

600

532

620

20

2 9 .8 7

1 8 .3 4

1 6 .8 9

1 3 .2 2

8 .60

T ab le  IVb 

8 and 10

21 . 10

17. 08

10 . 01

8 .4 9  

7 . 13

9

8 .86

6 .9 3

5 .4 9

5 .3 2

3 .7 4

11 and 12

2 9 .6 5

1 6 .6 3

1 5 .3 0

11. 50 

9 .8 0

6 .7 9

av

5 9 .8 3

4 9 .9 5

4 2 .3 8

3 5 .7 2  

29 . 88 

2 6 .0 7  

2 1 . 6 1

18. 50

1 6 .7 2  

1 5 .3 0

1 3 .2 2  

11. 50 

9 .9 0  

8 .7 3

8 .4 9  

6 .7 9  

7 . 06

5 .4 9  

5 .3 2  

4 .0 1  

3 .7 4
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A  r e la t iv e  fo r m  fa c to r  g iv e n  in  T a b le s  III and IV is  a p rod u ct of 

the a b so lu te  a to m ic  fo r m  fa c to r  a t the p a r tic u la r  te m p er a tu r e  and  

an a r b itr a r y  c o n s ta n t , c ,

% = c£t  (5)

U nder the a ssu m p tio n  that the e f fe c t  of th e r m a l v ib r a tio n s  and z e r o

p o in t v ib r a tio n s  is  g iv e n  c o r r e c t ly  by the D e b y e -W a lle r  e x p r e s s io n  
~ S  sja%&

6  y eq u ation  (5) b e c o m e s

/- '  r  - i 5L , , ,fT =c f ae  r ** <6 >

w h ere  f is  the a b so lu te  a to m ic  fo r m  fa c to r  fo r  lith iu m  at r e s t  in  o

the c r y s ta l .  If f Q w e r e  know n c and B,p cou ld  be found as  fo llo w s:  

E quation  (6) g iv e s  the fo llo w in g  seq u en ce:

^  s in 2 Q
~l  = c e" B T X -

o

f i  s in 2 0
ln |   = I n c  “ B t  Jjx (7)

T h en  a p lo t of ln  a g a in s t  w ould  y ie ld  a s tr a ig h t lin e
—  X
i o

of s lo p e  -Brp and in te r c e p t ln  c .

T h e o r e t ic a l c a lc u la tio n s  show  th at the f Q v a lu e s  fo r  the iso la te d  

lith iu m  atom  and ion  d iffer  m a r k e d ly  on ly  at v a lu e s  of ~ — le s s

than two ten th s . E x p e r im e n ta l p o in ts  do not ex ten d  in to  th is  r e g io n  and  

so  o v er  the ran ge of e x p e r im e n ta l o b se rv a tio n  the th ird  e le c tr o n  

w ould  not be ex p ec ted  to  c a u se  g r e a t  d e p a r tu re s  fr o m  the th e o r e t ic a l
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f c u r v e s  of the f r e e  a tom  or  ion . C on seq u en tly  t h e o r e t ic a l  f Q

a la e s  w e re  in s e r te d  in equation  (7) and v a lu e s  of c and B-j> d e r iv ed

a s  outlined  ab o v e . If the po in ts  of the p lo t  of In ^  v s .
f o

had fa l le n  p r e c i s e l y  on a s tr a ig h t  l in e  the tru e  f Q v a lu e s  for  the c r y s ta l

would have b e e n  equal to the t h e o r e t ic a l  f 0 *s u sed  in m ak ing  the p lo t

w ith in  the l im it s  of v a l id ity  of the te m p er a tu r e  e x p r e s s io n .  The

a c tu a l p lo t s ,  g iv en  in f ig u r e s  2 and 3 for  the ro o m  te m p e r a tu r e  data

and 100°K data r e s p e c t iv e ly ,  though a llo w in g  s tr a ig h t  l in e s  to be

d ra w n , do show  s c a t te r  w h ic h ,  if the te m p er a tu r e  fa c to r  is  c o r r e c t

and the e x p e r im e n ta l  m e a s u r e m e n t s  a c c u r a t e ,  is  to be  a ttr ib uted  to

d e v ia t io n s  of the true f 0 v a lu e s  fr o m  the th e o r e t ic a l  o n e s .  T h e se  tru e

f Q v a lu e s  could then be c a lcu la te d  by the c o n v e r s e  p r o c e s s  through

equation  (6) u s ing  the c and B-j. obta ined fr o m  the p lo t s .

T h e se  p lo ts  w e re  m ad e (F ig u r e s  2 and 3) using  f Q*s for  the ion  as

22d e r iv e d  fr o m  a s im p le  a n a ly t ic  w ave  fu nction  g iv en  by L ow din .

T h is  fu nction  r e p r e s e n ts  w ith  good a c c u r a c y  the n u m e r ic a l  so lu t io n  of

23the H a r t r e e - F o c k  equations as  c a lcu la te d  by F o c k  and F e tr a s h e n  

andthe e x p r e s s io n  for  f Q r e su lt in g  fr o m  it cou ld  be eva lu a ted  r ea d ily  

fo r  any r e f le c t io n .

It w as  a ttem p ted  to e s t a b l i s h  the a b so lu te  b a s i s  for  the a to m ic  fo r m  

fa c to r s  e x p e r im e n ta l ly  through a d ir e c t  c o m p a r is o n  of the in ten s ity  of 

a r e f le c t io n  fr o m  a l i th iu m  c r y s t a l  w ith  the in ten s ity  of a r e f le c t io n
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fr o m  a so d iu m  ch lo r id e  c r y s t a l .  Two s e t s  of m e a s u r e m e n t s  w e re  

m ad e  w ith  two d if fe re n t  so d iu m  ch lo r id e  c r y s t a l s  and two d if feren t  

l i th iu m  c r y s t a l s .  The N aC l c r y s t a l s  w e r e  ground into s p h e r e s  of s i z e  

co m p a r a b le  to the l i th iu m  c r y s t a l s  m ak ing  p o s s ib le  s im p le  a b so rp tio n  

c o r r e c t i o n s .  The r a t io s  of in t e n s i t i e s  w e r e  red u ced  to r a t io s  of 

s tr u c tu r e  fa c to r s  u s in g  w e l l  known fo r m u la e .  In the one c a s e  the  

l i th iu m  (211) r e f le c t io n  w as  co m p a r e d  w ith  the (444) and (440) N aC l  

r e f l e c t io n s ,  and in the o th er  c a s e  the l i th iu m  (211) and/"(220) 

r e f le c t io n s  w e r e  c o m p a red  w ith  the N aC l (600) r e f le c t io n ,  in  both c a s e s  

at ro o m  te m p e r a tu r e .  A b so lu te  v a lu e s  of the s tr u c tu r e  fa c to r s  for  

N aC l at ro o m  te m p er a tu r e  w e r e  a v a i la b le  fr o m  s e v e r a l  s o u r c e s ,

p r in c ip a l ly  fr o m  the m e a s u r e m e n t s  of J a m e s  and F i r t h , ^

2 5 7H a v ig h u rst ,  B r i l l  e t .a l .  , and R en n in g er .  E x a m in a t io n  of the

v a lu e s  th e s e  p eo p le  g ive  sh ow s th er e  is  w ide  d is a g r e e m e n t ,  and b e c a u s e

it could not be d ec id ed  w h ich  of th e s e  data w e r e  the m o r e  r e l i a b le ,

the a b so lu te  a to m ic  fo r m  fa c to r s  found by the p r o c ed u r e  u sed  in the

p r e ce d in g  p a ra g ra p h  w e r e  u sed  in  the c a lc u la t io n s  for  the e le c tr o n

d e n s i t ie s  d i s c u s s e d  la te r .  H o w e v e r ,  for  c o m p a r is o n ,  the v a lu e s

of f (211) and f ^ 2 0 )  ôr l i th iu m , as  d e te r m in e d  by  d ir e c t ly  co m p a r in g

in te n s i t ie s  and using  the s tr u c tu r e  a m p litu d es  of the v a r io u s  authors

m en t io n ed  a b o v e ,  a re  l i s t e d  in tab le  V . The co lu m n  h ead in gs

id en tify  the authors ( j .  F .  m e a n s  J a m e s  and F ir t h ,  e tc .  ) w h o se  data

w e r e  u sed  to ev a lu a te  the a b so lu te  a to m ic  fo r m  f a c to r s  for  l i th iu m .

The la s t  co lu m n  g iv e s  the a b so lu te  f - v a lu e s  for  l i th iu m  at ro o m
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t e m p e r a tu r e  tak en  fr o m  tab le  VI b e lo w .

T ab le  V

R e f le c t io n s  c o m p a red
fL |i ( a b s . )  com pu ted  fr o m  data

J. F .  H. B . R. ^300

N aC l (444) and L i  (211) 0 .7 9 3  0 .7 5 9  a  859 0 .9 2 5  a  806

N aC l (440) and L i (211) 0 .7 7  5 a  746 a  791 a  806

N aC l (600) and L i  (211) 0 .7 8 8 a  823 0 .9 0 0  0 .806

N aC l (600) and L i (220) 0. 592 0 .6 1 8  0 .6 7 6  0 .618

T able  VI g iv e s  the v a lu e s  of f^,*s , taken fr o m  ta b le s  III and  

IV , the a b so lu te  v a lu e s  f.^ com p u ted  fr o m  equation  (5) and a b so lu te  

v a lu e s  for  f c a lcu la te d  fr o m  equation  (6). T h e se  f Q v a lu e s  a re  

fo r  the la t t ic e  at r e s t  b e c a u s e  the e f fe c t  of z e r o  point v ib r a t io n  has  

b e e n  included  in the D e b y e -W a l le r  ex p o n en t ia l  Brj..

The data a re  p lo tted  in  f ig u re  (4). It is  im m e d ia te ly  app arent  

fr o m  e ith e r  the tab le  or  the p lo t that the e x p e r im e n ta l  cu rv e  is  

w e l l  r e p r e s e n te d  by the th e o r e t ic a l  one o v er  the range  of 

in  w h ich  o b se rv a t in n s  w e r e  m a d e .  Som e d i f fe r e n c e s  o ccu r  w h ich  

a r e  c o n s id e r e d  r e a l .

The va lu e  at — =0.  201 (co rresp o n d in g  to the (110) r e f le c t io n )  
A

is too  low  at e a ch  te m p e r a tu r e  and, through the m an n er  of 

eva lu atin g  it ,  i s  n e c e s s a r i l y  too low  fo r  the la t t ic e  at r e s t .  The  

e x p e r im e n ta l  va lu e  of 1 .700  is  the a v e r a g e  of 1 .705  a * -g iv e n  by the 

low  te m p er a tu r e  data and 1 .6 9 5  as g iv e n  by the r o o m  te m p er a tu r e  

data . E a ch  of th e se  v a lu e s  in turn is  the a v e r a g e  of s e v e n
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Table VI
L ow din

ftnoo ^ioo(abs) fo(abs) f *I300 £300 (abs) *o(abs) f o(avg) ■^o(theoretical)

110 5 9 .3 6 1 .5 9 0 1 .705 2 0 0 .3 1 .411 1 .6 9 5 1 .7 0 0 1 .756
200 4 9 .9 5 1. 338 1. 538 1 5 3 .8 1 .0 8 3 1 .5 6 4 1 .551 1 .5 5 5
211 4 2 .3 8 1. 135 1 .3 9 9 1 1 4 .5 . 806 1 .3 9 4 1 .3 9 7 1 .3 8 9
220 3 5 .7 2 .957 1 .2 6 4 8 7 .8 .6 1 8 1 .2 8 7 1 .2 7 5 1 .2 4 9
310 2 9 .8 8 . 800 1. 133 6 5 .1 .4 5 8 1. 147 1. 140 1 .1 3 1
222 26. 07 .6 9 8 1 .0 6 0 4 9 .9 .3 5 1 1 .0 5 7 1 .0 5 8 1 .0 2 9
321 2 1 .6 1 .5 7 9 .9 4 3 3 6 .8 .2 5 9 . 937 .9 4 0 .941
400 18. 50 .4 9 6 . 866 2 7 .4 . 193 . 839 .8 5 3 .8 6 4
330 1 6 .7 2 .4 4 8 .8 3 9 ( 2 0 . 9 ) .1 4 7 - .  839 . 797
411 1 5 .3 0 .4 1 0 .7 6 8 ( 2 0 .9 ) . 147 - .7 6 8 . 797
420 13. 22 .3 5 4 .7 1 0 - - - .7 1 0 . 737
332 11. 50 .3 0 8 . 663 - - - . 663 .6 8 4
422 9 .9 0 .2 6 5 .6 1 1 - - - .6 1 1 .6 3 7
510 8. 73 .2 3 4 .5 7 9 - - - .5 7 9 .5 9 4
431 8 .4 9 .2 2 7 .5 6 1 - - - .5 6 1 .5 9 4
521 6 .7 9 . 182 .5 1 7 - - - .5 1 7 .5 2 3
440 7. 06 . 189 .576 - - - . 5 7 6 .4 9 1
530 5 .4 9 .1 4 7 .4 8 0 - - - .4 8 0 .4 6 3
600 5 .3 2 . 143 , 501 - - - . 501 .4 3 7
532 4 .0 1 . 108 .4 0 6 -- - - . 403 .3 9 2
620 3 .7 4 . 100 .4 0 3 - - - .4 0 3 .3 9 2

M
00
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ind iv idu a l d e te r m in a t io n s  and in e v e r y  c a s e  the e x p e r im e n ta l  

fo r m  fa c to r  i s  lo w e r  than the t h e o r e t ic a l .  The m e a s u r e m e n t s  

d e f in ite ly  p u ll  th is  po in t  off the th e o r e t ic a l  c u r v e .  T he low  

te m p e r a tu r e  m e a s u r e m e n t s  sh ow  a sp l i t t in g  of the (330) and (411) 

r e f le c t io n s  ( s in G ^  = 0 .6 0 8 )  w h ich  r e f l e c t  at the s a m e  B ra g g  a n g le .  

T h is  s e p a r a t io n ,  though not g r e a t  w as  c e r ta in ly  o b s e r v e d  

e x p e r im e n ta l ly .  F in a l ly ,  a l s o  at low  te m p e r a tu r e ,  the h igh  o rd er  

(440) r e f le c t io n  w a s  m e a s u r e d  th r e e  t im e s  and its  d e r iv e d  f Q va lu e  

w a s  c o n s is t e n t ly  h igh . The (600) r e f le c t io n  is  a l s o  h igh  but it  is  

the r e s u l t  of m e a s u r e m e n t s  on one c r y s t a l  only  and l e s s  r e l ia n c e  

i s  p la c e d  on it .

If the e x p e r im e n ta l  fQ v a lu e s  had fa l l e n  e x a c t ly  on the  

th e o r e t ic a l  f Q cu rv e  one w ould  have  b e e n  ju s t i f ie d  in su p p o sin g  the  

la t t ic e  to c o n s i s t  of s p h e r ic a l  io n s ,  having the sa m e  ch arge  

d is tr ib u tio n  a s  the i s o la t e d  io n ,  s u p e r im p o s e d  on a u n iform  ch arge  

d is tr ib u tio n  fo r  the th ird  e le c tr o n .  It i s  now n e c e s s a r y  to  s e e  to 

what ex ten t  th is  p ic tu re  m u s t  be m o d if ie d  a s  a c o n seq u e n c e  of the  

o b se r v e d  s m a l l  d e p a r tu re s  of the f Q v a lu e s  fr o m  the th e o r e t ic a l  

o n e s .  S in ce  th e s e  d e p a r tu r e s  a re  s m a l l  it i s  to be  e x p e c te d  that 

the c o r r e sp o n d in g  e le c tr o n  d e n s ity  d is tr ib u t io n  in the la t t ic e  w i l l  

d if fer  l i t t le  fr o m  that of the m o d e l  of s p h e r ic a l  ion s  in  the u n iform  

d is tr ib u tio n  of the f r e e  e le c tr o n .
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The e le c tr o n  d e n s i ty  at any po in t in the unit c e l l  of the l i th iu m

4
s tr u c tu r e  is  g iv e n  b y  a F o u r ie r  e x p a n s io n ,  the ex p a n s io n  

c o e f f ic ie n t s  b e in g  the a to m ic  fo r m  f a c t o r s ,

f r y s  '  -2 - y - ^ Z -  i  f f  i k{ co s 2 jr (A t* -& ' j  +£3) (a )
-  oO

w h e r e ,  ( x , y , z )  = e le c tr o n  d e n s i ty  at the po in t ( x , y , z ) ,

x , y , z  ^re s p a t ia l  c o o r d in a te s  g iv e n  as  fr a c t io n a l  

p a r ts  of the c e l l  e d g e ,

Z  = to ta l n u m ber  of e le c t r o n s  in the unit c e l l ,

V = v o lu m e  of the unit c e l l ,  

f^kl = a to m ic  fo r m  fa c to r  fo r  that va lu e  of stn§

c o rr e sp o n d in g  to the^hkl/ r e f le c t io n ,

Z /V  = a v e r a g e  e le c tr o n  d e n s ity  in the unit c e l l .

T h is  equation  w a s  e m p lo y e d  to c a lc u la te  the e le c tr o n  d e n s ity  a long  

the (lOOj , £lllj > and (jUQ] d ir e c t io n s  in the unit c e l l  fr o m  the

e x p e r im e n ta l  f Q v a lu e s .  F o r  the ca lcu la t io n  to y ie ld  the m o s t  

a c cu ra te  r e p r e s e n ta t io n  of p  an in fin ite  nu m ber  of t e r m s  in the su m  

i s  n e c e s s a r y .  E x p e r im e n ta l ly  the m e a s u r e m e n t s  did not ex tend  

beyond the (620) r e f le c t io n  and the n u m b er  of c o e f f ic ie n ts  a v a ila b le  

for  the su m m a tio n  w as  therefore l im ite d .  Under su ch  c ir c u m s t a n c e s  

s e r i e s  te r m in a t io n  e r r o r s  m u s t  be  e x p e c ted  and the c a lcu la te d  

e x p e r im e n ta l  e le c tr o n  d e n s i ty  p  ( x , y , z ) c d i f fe r s  fr o m  the true  

e x p e r im e n ta l  d e n s ity  & ( x , y , z )  by the s e r i e s  te r m in a t io n  e r r o r  A/3,
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Thus

/ 0 ( x , y , z )  = ^ > ( x ,y , z ) c + Af> (9)

The s e r i e s  te r m in a t io n  e r r o r  w a s  e v a lu a ted  in a m an n er  now to be  

d e s c r ib e d .

The c a lc u la t io n s  fo r  the e le c tr o n  d e n s i t ie s  / ? ( x , y , z )  w e r e  

rep ea ted  a fter  r e p la c in g  the e x p e r im e n ta l  f Q v a lu e s  by the th e o r e t ic a l  

v a lu e s  fo r  the ion . The su m m a tio n s  w e r e  cut off at the s a m e  t e r m  

a s  b e f o r e ,  and, as b e f o r e ,  th er e  r e s u l t e d  a ca lcu la te d  e le c tr o n  

d en s ity  d is tr ib u tio n  w hich  d if fe re d  fr o m  that fo r  the m o d e l of l i th iu m  

ion s  and a un iform  background d is tr ib u t io n ,  w h ich  the c a lcu la t io n  

w as su p p o sed  to  r e p r e s e n t ,  by a s e r i e s  te r m in a t io n  e r r o r .  But in 

th is  c a s e  the tru e  d is tr ib u t io n  of the m o d e l  w as e a s i l y  s e t  up fr o m  

F o c k  and P e tr a s h e n 's  th e o r e t ic a l  v a lu e s  of the ra d ia l  d is tr ib u tio n

fu nction  fo r  the ion. T h e r e fo r e  the te r m in a t io n  e r r o r  th e o r e t ic a l  

cou ld  be ev a lu a ted . The v a lu e s  s o  obta ined  a re  the s a m e  as  the 

A^o v a lu e s  in equation  (9) to the a p p ro x im a tio n  that, for  

v a lu e s  g r e a te r  than 0 .9 0 8  (c o r resp o n d in g  to the (620) r e f le c t io n ) ,  the 

a to m ic  fo r m  fa c to r s  fo r  l i th iu m  at r e s t  in the c r y s t a l  have the sa m e  

v a lu e s  as  in the f r e e  ion . T h is  d o es  not have to b e ,  but the c lo s e n e s s  

of the e x p e r im e n ta l  v a lu e s  to the th e o r e t ic a l  v a lu e s  at lo w er  S /n £ )
/I

v a lu e s  s u g g e s t s  that it p rob ab ly  isn 't  a bad a p p rox im ation  to c o n s id e r

the two A v a lu e s  to be equa l.  T h e r e fo r e  A /^ th eo r e t ic a l  WaS

su b stitu ted  fo r  A / )  in equation  (9) and c o r r e c te d  e le c tr o n  d e n s i t ie s  

com pu ted .
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T he c o r r e c t e d  e le c t r o n  d e n s i t ie s  fo r  the la t t ic e  at r e s t  show n  

in  f ig u re  (5) w h ere  ^ 0  ( x , y , z )  i s  p lo t ted  as  a fu nction  of r ,  the  

d is ta n c e  f r o m  the a to m ic  c e n t e r ,  and in  e a ch  c a s e  the la s t  point  

m a r k s  the h a lf -w a y  d is ta n c e  to the n e a r e s t  a tom  in the d ir e c t io n  

c o n s id e r e d .

In the d i s c u s s io n  d e s c r ib in g  the p r o c ed u r e  u sed  fo r  e s ta b l is h in g

the a b so lu te  b a s i s  it  w as  m e n t io n ed  that i t s  c o r r e c t n e s s  depended  on

the v a l id i ty  of the D e b y e -W a l le r  th eo r y  of the te m p e r a tu r e  e f fe c t .

It i s  w e l l  known that a c co r d in g  to th is  th e o r y ,  if a to m ic  fo r m  fa c to r s

f
a re  d e r iv e d  at two te m p e r a tu r e s  Tj and T 2» a p lo t  of l o g e LH—

2 * Tz 
a g a in s t  & shou ld  g iv e  a s tr a ig h t  l in e  of z e r o  in te r c e p t  and

s lo p e  B-j> -Bfj. w h e r e  x  = and

{*£+4} <1 0 >

and a l l  sy m b o ls  have th e ir  u su a l m e a n in g s .^  The p lo t  w as  m ad e  

w ith  the p r e s e n t  e x p e r im e n ta l  data and is  show n in f ig u re  (6).

T r ia l  and e r r o r  so lu t io n  of the equation

Brp^-Brji^ = s lo p e  (11)

gave a va lu e  of 32 5 °K  fo r  the c h a r a c t e r i s t ic  t e m p e r a tu r e .

D i s c u s s io n  of R e su lts  

A tten tion  is  f i r s t  d ir e c t e d  to the e le c tr o n  d e n s ity  p lo t s .  The  

p o in t  of r e f e r e n c e  for  the d i s c u s s io n  is  the m o d e l  of a th e o r e t ic a l  

l i th iu m  ion  la t t ic e  im m e r s e d  in  the un iform  d is tr ib u tio n  of the  

fr e e  or v a le n c e  e l e c t r o n s .  T he  ch arge  d e n s ity  of th is  s tr u c tu r e  is
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g iv e n  in f ig u re  (4) for  c o m p a r is o n  w ith  the e x p e r im e n ta l  

v a lu e s .

Out to a d is ta n ce  of about one in a to m ic  units a l l  the c u r v e s  

a re  in d is t in g u ish a b le  on the p lo t .  The ca lcu la t io n s  show  that the 

r e f e r e n c e  cu rv e  l i e s  a l i t t le  above the o th ers  by am ounts w hich  

in c r e a s e  as  r d e c r e a s e s ,  and w h ich  a re  la r g e s t  at r = 0 ,  but, 

e v en  th en , the d if fe r e n c e  only  am ounts  to th ree  or four tenths of 

a p e r c e n t .

In the in te r e s t in g  r e g io n  ou tsid e  the ion  c o re  it i s  s e e n  at once  

that a l l  the c u r v e s  a re  con fin ed  to /O  v a lu e s  in the range

-  , 0 0 4 e / V  to /O -  . 020 e / V ,  w h ere  e / V  m ea n s  e le c tr o n s  p e r  unit 

v o lu m e  in a to m ic  un its .  Though it  w ould  be unw ise to p la c e  too m u ch  

con fid en ce  in the fine  d e ta i l s  of the p lo t s ,  the fa c ts  that th ey  do not 

d iffer  w id e ly  fr o m  one another  and n u m e r ic a l ly  do not e x c e e d  0. 0 2 e /V

a. u. w e r e  c o n s id e r e d  w orth y  of a tten tion .

P a u lin g  has g iv e n  a th eo ry  for  m e ta ls  involv ing  d ir e c t io n a l

co v a len t  binding. T h is  th eo ry  a s s u m e s  a p a r t ic u la r ly  s im p le  fo r m  in

the c a s e  of l ith iu m  and has b een  d i s c u s s e d  in an e le m e n ta r y  m an n er  

25by C ou lson . A cco rd in g  to th is  th eo ry  0 .2 2  e le c tr o n s  a re  to be 

a s s ig n e d  to the bond b e tw een  n e a r e s t  n e ig h b o r s ,  that is  to sa y ,  

b e tw e en  an a tom  at the unit c e l l  c o r n e r  ana the a tom  at the cen te r  of 

the c e l l ,  and roughly  0. 03 e le c tr o n s  to the bond b e tw een  next n e a r e s t  

n e ig h b o r s ,  th ose  at the c e l l  c o r n e r s .  R ea so n a b ly  v o lu m e s  in w hich



th e s e  e le c tr o n s  w ould l ie  can  be  e s t im a te d  and s o m e  idea  of the 

e le c t r o n  d e n s ity  to be e x p e c te d  in the bond can be obtained . The  

len gth  of the c e l l  edge  is  6 . 6  a . u. T he ion  c o r e s  a r e ,  s a y ,  1.7 a . u. 

rad iu s  so  that the bond ch a r g e  fo r  n ex t n e a r e s t  n e ighb or  bonds ought 

to be lo c a te d  in a d is ta n c e  of 6 . 6 - 3 .  4 = 3. 2 a . u, b e tw e en  the ion  

c o r e s  a lon g  the cube e d g e .  The bond is  su p p o sed  to be s tr o n g ly  

d ir e c t io n a l  and its  c h a rg e  d e n s ity  ought to  d e c r e a s e  rap id ly  in  a 

d ir e c t io n  p erp e n d ic u la r  to  the bond*s d ir e c t io n .  T hen  it  w ould not  

be u n rea so n a b le  to s a y  that the bond*s ch a rg e  i s  conta in ed  in the 

v o lu m e  of a c y l in d er  of len g th  3 . 2 a . u. and a x ia l  rad iu s  unity. The  

v o lu m e  of su ch  a cy l in d er  is  10 cubic  a to m ic  un its .  T h ree  hundredths  

e le c tr o n s  a r e  to  be a s s ig n e d  to th is  v o lu m e  to  g iv e  an a v e ra g e  ch arge  

d en s ity  of .0 0 3  e le c tr o n s  p e r  unit v o lu m e .  F o r  the bond b e tw een  

n e a r e s t  n e ig h b o rs  a s im i la r  ca lcu la t io n  can  be c a r r ie d  out w h ich ,  

b e c a u s e  of the g r e a t e r  ch arge  a llo ted  to th is  bond and the s m a l le r  

d is ta n ce  b e tw e en  a to m s ,  y ie ld s  a c o n s id e r a b ly  h igh er  va lu e  for  the  

e le c tr o n  d e n s ity .  T he c o rr e sp o n d in g  cy l in d er  is  of len gth  2 .3  a. u. 

g iv in g  an a v e r a g e  d e n s ity  of 0 .0 3  e le c tr o n s  p e r  a to m ic  unit v o lu m e .  

A s th e s e  a re  a v e r a g e  e le c t r o n  d e n s i t ie s  in the bond it  i s  r ea so n a b le  

to su p p o se  the ac tu a l d e n s i t ie s  a long the l in e s  join ing a to m ic  c e n te r s  

w ould be so m ew h a t g r e a t e r .  T h is  s im p le  c a lcu la t io n  thus p r e d ic ts  

that the e le c tr o n  d e n s ity  a long the f i l l ]  d ir e c t io n  ought to be of the 

o rd er  of ten  t im e s  g r e a te r  than the ch a rg e  d e n s ity  a long the flOOj
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d ir e c t io n  and that n u m e r ic a l ly  it  ought to be g r e a te r  than . 03 e le c tr o n s  

p e r  unit v o lu m e .  A s  is  ap p aren t fr o m  the p lo ts  the e x p e r im e n ta l  

data do not su p p ort th e s e  c o n c lu s io n s .  The e le c tr o n  d e n s ity  n ow h ere  

e x c e e d s  0. 02 e / V  and the v a lu e s  fo r  [ l l l j  > far  fr o m  e x c e e d in g  by  

ten fo ld  the v a lu e s  o f G - O O ]  a r e  s e e n  to l i e  beneath  the la t t e r .  It 

can  th e r e fo r e  be sa id  that the e x p e r im e n ta l  data stand in c o n tr a d ic ­

tion  to the notion  of s tr o n g  d ir e c t io n a l  bonding as  g iv en  by P a u lin g  *s 

th eo r y  w hen  app lied  to l i th iu m .

On the o ther  hand, the d is tr ib u tio n  is  not e x a c t ly  that of the 

th e o r e t ic a l  m o d e l  of s p h e r ic a l  l i th iu m  ions im m e r s e d  in the un iform  

d is tr ib u tio n  of two f r e e  e le c tr o n s  p e r  unit c e l l .  Som e a ccu m u la t io n  

of ch a rg e  b e tw e en  the a to m s  is  in d ica ted  and the e le c tr o n  d e n s ity  

d o es  not fa l l  off u n ifo rm ly  w ith  d is ta n ce  in the outer  r e g io n  of the  

ion , but d e c r e a s e s  l e s s  ra p id ly  a long the [ l l l j  d ir e c t io n  than a long  

the [10 Oj or [110] d ir e c t io n s .  S om e e s t im a te  of the am ount of 

ch arge  in the r e g io n  occu p ied  by  the ion c o r e  could  be obtained if 

th is  r e g io n  could be d efin ed . The d is ta n c e  fr o m  the cen te r  of ch arge  

co rr e sp o n d in g  to the m in im u m  in  the e le c tr o n  d e n s ity  cu rve  for  

ea ch  d ir e c t io n ,  r m in imum> w as  a s s u m e d  as the d is ta n ce  beyond  

w h ich  th ere  w a s  no ion ic  c h a r g e .  It is  to be r e m e m b e r e d  that,  

a cco r d in g  to the m o d e l ,  ’’f r e e "  ch a rg e  m a y  a l s o  e x i s t  in  th is  r eg io n .  

R adial d is tr ib u tio n  v a lu e s  w e r e  com puted  for  the d if fe re n t  c u r v e s  

under the te m p o r a r y  a s su m p t io n  of s p h e r ic a l  s y m m e tr y  of e a ch
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d is tr ib u t io n .  N u m e r ic a l  in teg ra t io n  out to  the rm in im um gave  the 

n u m b er  of e le c tr o n s  in e a c h  s p h e r ic a l  d is tr ib u tio n . T h en  an a v e ra g e  

r w a s  com p u ted  by w e igh tin g  e a ch  rm ln im um  m u lt ip l ic i ty  of

the d ir e c t io n  c o n c e r n e d .  T h e se  m u lt ip l ic i t i e s  a re  s ix  fo r  the [lOO] 

d ir e c t io n ,  e ig h t for  the [ i l l ]  d ir e c t io n ,  and tw e lv e  fo r  the [lio} 

d ir e c t io n .  The n u m ber  of e le c tr o n s  in e a ch  d is tr ib u tio n  w as  a v e r a g e d  

into a s in g le  v a lu e  in the s a m e  m an n er  u s ing  the sa m e  w e ig h ts .  A  

kind of a v e r a g e d  s p h e r ic a l  c o r e  thus r e s u l t e d  fr o m  a w e ig h ted  

sm o o th in g  out of the e le c tr o n  d e n s i t ie s  in the 26 d ir e c t io n s .  The  

fo l lo w in g  tab le  g iv e s  the r e s u l t s :

N um b er of e le c tr o n s  in  
D ir e c t io n  rm in .  a * a. s p h e r ic a l  d is tr ib u tio n

[lOO] 1. 580 2. 146

f i l l ]  1. 939 2. 314

[ l lO ]  1 .6 6 4  2 .0 4 9

a v g . 1 .7 3  2. 15

The a v e r a g e  v a lu e  of 2. 15 e le c tr o n s  can  be c o m p a red  w ith  the

c o rr e sp o n d in g  va lu e  g iv e n  by  the th e o r e t ic a l  ion  m o d e l .  The num ber

of e le c tr o n s  conta in ed  w ith in  a rad ius r a,r„ in the th e o r e t ic a l  ionavg.

can  be c a lcu la te d  fr o m  Lowdin*s ra d ia l  w ave fu n ctio n , CL , ( s e e  

appendix) a c co r d in g  to the equation

N u m b er of e le c tr o n s  = 2 j  u d r .  (12)
o

f r a vs.
IJ  u%ir.



E v a lu a tio n  of the in te g r a l  fo r  r = r a v g  ̂ -  1 .7 3  a . u. y ie ld s  1 .99

e le c t r o n s .  T h ere  m u s t  be  added to th is  the nu m ber  of e le c tr o n s

conta in ed  in a sp h e r e  of rad iu s  r av g .  If the ch arge  d e n s ity  w ith in  the

sp h e r e  i s  that for  the u n iform  d en s ity  of the f r e e  e le c t r o n s .  The

v o lu m e  of the unit c e l l  is  283 cubic  units (a. u. ). T h ere  a r e  two fr e e

e le c t r o n s .  T h e r e fo r e  the u n iform  ch arge  d e n s ity  of two e le c tr o n s

p er  unit c e l l  is  . 007 e / V  a . u. The v o lu m e  of a sp h e r e  of rad ius

r Q„~ is  21. 65 a . u. T he am ount of u n iform  fr e e  ch arge  in th is  a vg . °

v o lu m e  is  .0 0 7  x  2 1 .6 5  = . 15 e l e c t r o n s .  The to ta l ch arge  in  the sp h e r e  

of rad iu s  r a v g is  the s u m  of 1 .99  and .15  or 2 .14  e l e c t r o n s ,  a g r ee in g  

c lo s e ly  w ith  the va lu e  2 .1 5  found by  the a v era g in g  of the individual  

d is tr ib u t io n s  d e s c r ib e d  ab o v e .

The num ber of e le c tr o n s  rem a in in g  fo r  the r e s t  of the v o lu m e  in  

the c e l l  i s  c o r r e c t  to g iv e  the un iform  d is tr ib u tio n  va lu e  . 007 e /V .

The d e n s i t ie s  a long the l in e s  join ing a to m s  a re  g r e a te r  than th is  and 

th ere  c e r ta in ly  m u st  be co m p en sa t in g  s m a l le r  v a lu e s  s o m e p la c e  in  

the c e l l .  A  fu ll  ca lcu la t io n  for  ( x , y , z )  throughout the c e l l  would be 

n e c e s s a r y  to r e v e a l  th em . A  ca lcu la t io n  of p i  fo r  a s in g le  po in t,

( l / 2 , 1 / 4 , 0 ) ,  w h ich  is  not lo c a te d  on a l in e  join ing a to m s ,  gave a va lu e  

of .014  e / V ,  aga in  h ig h er  than that of the un iform  difctribution.

R ather  than to sp e c u la te  on the m ea n in g  of the p  c u r v e s  for  the 

sp a c e  b e tw e en  ions a few  r e m a r k s  w i l l  be  m ade in  d e fe n se  of the



p r in c ip a l  c la im  a lr ea d y  m a d e . A d m itted ly  the c a lc u la t io n s  of e le c tr o n  

d e n s i t ie s  to be e x p e c ted  in the bonds on P a u l in g ’s m o d e l  a r e  of the 

c r u d e s t  s o r t .  But it i s  fe l t  l ib e r a l  a l lo w a n ce  w as  p e r m it te d  in the 

d ir e c t io n s  w h ich  w e r e  m o s t  d isa d v a n ta g eo u s  to the c o n c lu s io n s .  It 

is  b e l ie v e d  the data cannot p o s s ib ly  be in su ch  e r r o r  th at, if c o r r e c t e d ,  

it w ould r a i s e  the d e n s i ty  a long [ l l l j  to anything l ik e  ten  t im e s  that 

along CiooJ . One of S n o w ’s c r i t i c i s m s  of A g e e v ’s w o rk  w a s  that A g e e v  

fo r c e d  c o n v e r g e n c e  of h is  su m m a tio n s  w ith  an im p la u s ib ly  h igh  a r t i ­

f i c ia l  te m p er a tu r e  fa c to r  and s e r i e s  term in a t in n  e r r o r s  of s o m e  kind  

s t i l l  r em a in e d .  E r r o r s  due to f in ite  te r m in a t io n  of s e r i e s  w e r e  c e r ta in ly  

c o n s id e r a b ly  r ed u c ed ,  if  not e l im in a te d ,  by the m eth od  of tr e a tm e n t  of 

data u sed  h e r e  - h e n c e ,  th e s e  r e s u l t s  a re  not su b jec t  to th is  type of 

c r i t i c i s m .  F in a l ly  it is  w orth  poin ting  out that the v a lu e s  /O g iv en  by  

the la s t  po in ts  of the [100) and [no] c u r v es  a re  equa l. T h e se  two  

points  on the c u r v e s  c o rr e sp o n d  to eq u iva len t poin ts  in the b . c . c e l l  and 

r e a l ly  m u st  be equal. It is  p le a s in g  the c a lcu la t io n s  m ak e th em  so .

It m igh t be o b jec ted  that in the d e te r m in a t io n  of the ab so lu te  b a s is  

the ch o ice  of the th e o r e t ic a l  l i th iu m  ion f - v a lu e s  ra th er  than the 

th e o r e t ic a l  a to m ic  f - v a lu e s  in v o lv e s  an u n justif ied  a r b i t r a r in e s s .

Indeed , s in c e  the a to m ic  f - c u r v e  l i e s  above the ion ic  f - c u r v e  o v er  the 

range of Sin 0  w h ich  is  e x p e r im e n ta l ly  a c c e s s i b l e ,  and to u ch es  the 

ion ic  cu rve  at the -SjrjQ va lu e  co rr e sp o n d in g  to the (110) r e f le c t io n ,



and s in c e  the e x p e r im e n ta l  f -v a lu e  for  the (110) r e l f e c t io n  w a s

r e la t iv e ly  too  lo w , it can r ea s o n a b ly  be sa id  the e x p e r im e n ta l

f - c u r v e  w ould  g ive  as good or b e tte r  o v e r a l l  f i t  w ith  the th e o r e t ic a l

a to m ic  f - c u r v e .  T h is  m a y  or m a y  not b e .  But e v e n  if  the

e x p e r im e n ta l  cu rv e  did g iv e  a b e tter  f i t  w ith  the a to m ic  f - c u r v e  it

w ould  not n e c e s s a r i l y  fo l lo w  that the unit of s tr u c tu r e  w ould  be m o r e

lik e  an a tom  than ion . T o  d i s c u s s  su ch  q u es t io n s  d ir e c t ly  fr o m  the

f - c u r v e ,  e x p e r im e n ta l  v a lu e s  m u st  be a v a ila b le  in  the low  range

of w h ere  the f - v a lu e s  a re  m o r e  s e n s i t iv e  to the d is tr ib u t io n  of
A

the v a le n c e  e l e c t r o n s .  H o w e v e r ,  the a b so lu te  s c a t te r in g  fa c to r s

F h k i w e r e  d e te r m in e d  using  the th e o r e t ic a l  f - v a lu e s  of the a tom  as

26g iv en  by M cW eeny. The r e s u l t s  d i f fe re d  in s ig n if ic a n t ly  fr o m  

th e s e  a lr ea d y  had. The f - v a lu e s  w e r e  in c r e a s e d  by a p e r c e n t  or l e s s  

and the tem p erh tu re  fa c to r s  d if fe re d  but s l ig h t ly  fr o m  the e a r l i e r  

o n e s .  T h e se  d i f fe r e n c e s  a r e  not im p o rta n t.  What w as  im p ortan t w as  

to be able  to s e t  up a f ic t ic io u s  s tr u c tu r e  of w h ich  both the d e n s ity  

d is tr ib u tio n  and the f - v a lu e s  d e r iv a b le  fr o m  it w e r e  e x a c t ly  known.

S in ce  the m o d e l  of the ion  la t t ic e  w ith  a un iform  background d is tr ib u tio n  

s a t i s f ie d  th e s e  con d it ion s  the c a lcu la t io n s  and d i s c u s s io n  have b een  

c a r r ie d  out w ith  it  as  a r e f e r e n c e  point.



A ppendix

The t h e o r e t ic a l  l i th iu m  ion f Q v a lu e s  w e r e  com p u ted  w ith  the a id  of 

a w ave  fu n ction  g iv en  by L ow din . T h is  fu n ction  is  a n o r m a l iz e d ,  

r a d ia l ,  Is w ave  function:

Ujs = 6 . 6 6 4 1 r e ' 2 - 4 3 4 6 r  + 2 . 561re - 4 - 4 2 5 0 r  (1)

w h e r e  r i s  the d is ta n ce  f r o m  the n u c leu s  in a to m ic  u n its .  The to ta l  

ra d ia l  d is tr ib u tio n  fu nction  for  both e le c tr o n s  is

U (r) = 2Ulg . (2)

The a to m ic  fo r m  fa c to r  is  a fu n ction  of the ra d ia l  d is tr ib u tio n  

fu nction  and th rou gh the r e la t io n

f(sin P )  =  f  ( J H  = & )
o /C . t*

A fte r  su b stitu tin g  fr o m  equations ^1) and (2 ) ,  p e r fo r m in g  the 

in teg r a t io n ,  e x p r e s s in g  /) in A n g s t r o m s ,  and red u c in g ,  th ere  

r e s u l t s

( fe ,n e \  - /  S39 ________  0.423/ 0 .0 3 1 9
T{ * /  {/+/.Q64 (/ + 0.93 9 (/+ j
T h is  is  the equation  u sed  in the c a lc u la t io n  of the f 0 ’s »

42



S u m m ary

In th is  r e s e a r c h  the fo l lo w in g  has b een  a c co m p lish e d :

1. S in g le  c r y s t a l s  of m e t a l l i c  lith iu m  have b een  grow n.

2 . The r e la t iv e  in teg ra ted  in te n s i t ie s  of the L a u e -B r a g g  

r e f le c t io n  have b e e n  m e a s u r e d  at ro o m  te m p er a tu r e  and at>v»100oK.

3 . R e la t iv e  a to m ic  fo r m  fa c to r s  fo r  m e t a l l i c  l i th iu m  at ro o m  

te m p e r a tu r e  and at 100°K have b een  d e r iv ed  fr o m  the m e a s u r e d  

r e la t iv e  in teg ra ted  in te n s i t ie s  and a re  tabulated .

4 . A b so lu te  a to m ic  fo r m  fa c to r s  at ro o m  te m p e r a tu r e  and 100°K  

have b e e n  obtained fr o m  the r e la t iv e  v a lu e s  w ith  the a id  of the 

th e o r e t ic a l  f - v a lu e s  of the l i th iu m  ion , and a re  tabulated .

5. A b so lu te  a to m ic  fo r m  fa c to r s  for  the la t t ic e  at r e s t  have b een  

d e r iv e d  and a re  tabulated .

6. E le c tr o n  d e n s i t ie s  a long the jj-OCT} , j j l l ]  , and £llC)j 

d ir e c t io n s  have b e e n  c a lcu la te d  for  the la t t ic e  at r e s t .

7 . The c h a r a c t e r i s t ic  te m p er a tu r e  for  l i th iu m  has b e e n  ev a lu a ted .
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