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ABSTRACT.

A number of lnner-con$)lex oompounds of b e ry lliu m , aluminium, iro n , 

copper and n ic k e l have been p rep ared , and measurements of the m olecular 

p o la r is a t io n  have been made on those which were s u f f ic ie n t ly  so lu b le  

in  e i th e r  benzene or dioxan, A heterodÿne b ea t apparatus was used fo r  

d i e l e c t r i c  co n stan t measurements* The ap p ro p ria te  m olecular r e f r a c t io n s  

have been e i th e r  measured or c a lc u la te d , and, on the  assunption  th a t  

the molecules a re  sym m etrical, th e  atomic p o la r is a t io n s  have been 

estim ated* These v a lu es of th e  atomic p o la r is a t io n s  are d iscu ssed  in  

r e l a t io n  to  the fo rce  co n stan ts  fo r  th e  bending v ib ra tio n s  of the 

c h e la te  r in g s  and the e f fe c t iv e  d ipo le  moments of the  rings*

I t  was found th a t  th e  la rg e  atom ic p o la r is a t io n s  observed by 

p rev ious workers fo r  the  ace ty  lace  to  n a te s  are  ap p aren tly  g en era l fo r  

a l l  inner-oosp lex  coz^ounds in  which the c h e la te  r in g  co n ta in s  s ix  

atoms* E xceptions may occur when the  r in g  i s  h e ld  r ig id ly  by some 

means, as in  the  salioy laldoxim e oonplexes, where hydrogen bonding 

between the two oxiom re s id u es  has been p o s tu la te d  to  exp la in  t h e i r  

u nusua lly  low atom ic p o la r isa tio n s*  For the o th er six-membered r in g  

conplexes, atom ic p o la r is a t io n  v a lu es  o f between 29 and 6 ? o*c* were 

found fo r  complexes con ta in ing  two ch e la te  r in g s  in  the m olecule, and 

between 4$ and 9^ c,c* when th re e  ch e la te  r in g s  are  p re se n t, th e  

v a r ia t io n s  being due to  changes in  th e  r in g  moment and the fo rce  

c o n s ta n t. I t  was found th a t  th e  fo rce  co n stan ts  were considerab ly  

a f fe c te d  hy changes in  the s t r a i n  of the  ch e la te  r in g , since an 

in c rease  in  the s t r a in  of th e  r in g  increased  i t s  r ig id i ty *  Complexes 

of copper and n ic k e l which con ta ined  f  ive-membered r in g s  have q u ite



amoii a to n ie  p o l a r i s a t i o n ,  t h i s  being a t t r ib u te d  to  the  la rg e
tt.-

fmroe c o n fia n ts  fo r  th e  v ib ra t io n  o f the  rlqg«>, which in  these  

ooopoundo are  g re a t ly  s tra in ed *
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INTRODUCTION*

I t  has been r e a l is e d  fo r  many y ea rs  t h a t ,  in  the  measurement of 

e l e c t r i c  d ipo le  moments, se rio u s e r r o r s  may a r i s e  i f  the  o r ie n ta t io n  

p o la r is a t io n  of the  molecule i s  taken  as the  d iffe re n c e  between the  

p o la r is a t io n s  measured a t  ra d io  and a t  v is ib le  frequeno ies . When any 

molecule which con ta in s p o la r  bonds, so th a t  the n uc le i ca rry  unequal 

e f fe c t iv e  charges, i s  sub jected  to  an e l e c t r i c  f i e l d ,  i t  undergoes 

deform ation, th e  p o s it iv e  charges tend ing  to  move towards the 

negative  end of th e  f ie ld ,  and v ice  versa* A d ipo le  i s  thus c re a te d , 

which i s  superimposed tpon  any permanent d ip o le  which the u n d istu rbed  

molecule may possess* The deform ations wiiioh occur can be d iv ided  in to  

those which involve the movements of e le c tro n s  r e la t iv e  to  the 

p o s it io n s  of the  n u c le i, which take  p lace even when the bonds of the 

molecule are non-po lar, and those  in vo lv in g  th e  movements of the 

n u c le i r e la t iv e  to  each other* The form er type give r i s e  to  the  e f f e c t  

known as e le c tro n  p o la r is a t io n  and the l a t t e r  to  atomic p o la r isa tio n *  

A ll m olecules con ta in ing  p o la r  bonds, th a t  i s ,  a l l  m olecules except 

those of the e lem ents, may be expected  to  show atom ic p o la r is a t io n  to  

some e x te n t, but i t  w il l  obviously  be most marked in  those m olecules 

which con ta in  very  h ighly  p o la r  bonds, to g e th e r  w ith  a f le x ib le  

s tru c tu re  *

The atomic p o la r is a t io n  of a  compound may be determ ined ly  

measuring the m olecular r e f r a c t io n  of the conpound in  the in f r a - r e d  

reg io n  of the  spectrum , and a ls o  a t  v is ib le  frequencies*  The m olecular 

r e f r a c t io n  in  the  in f ra - re d  g ives the to ta l  d i s to r t io n  p o la r is a t io n  of
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the  m olecule, since the  frequency o f the  v ib ra tio n s  i s  too high 

to  allow  th e  molecule to  o r ie n ta te  i t s e l f  in  the  f i e l d ,  but both 

n u c le i and e le c tro n s  may undergo displacem ents* In  th e  v is ib le  

reg io n  of the spectrum , the a l te rn a t io n s  of th e  f i e l d  are  so rap id  

th a t  only the e le c tro n s  are d isp lac ed , and the  e le c tro n  p o la r is a t io n  

of the  oozBpound is  th e re fo re  given by the m olecular r e f r a c t io n  

measured a t  o p tic a l  freq u e n c ie s , and e x tra p o la te d  to  i n f in i t e  wavelength 

to  e lim in a te  the d isp e rs io n  e ffe c t*  The atomic p o la r i s a t io n  i s  then  

g iven  by th e  d iffe re n c e  between th ese  two q u a n tit ie s*  C artw right 

and E rre ra  (1 ,2 )  have measured the  atom ic p o la r is a t io n s  o f a 

number of compounds by t h i s  method* The measurement of r e f r a c t iv e  

in d ic e s  a t  in f ra - re d  freq u en c ie s , however, p re se n ts  considerab le  

experim ental d i f f i c u l t i e s ;  bu t f o r  a non-polar oonpound, the  square 

of th e  r e f ra c t iv e  index measured a t  i n f in i t e  wavelength i s  equal to  

the d i e l e c t r i c  c o n s ta n t, and the atom ic p o la r is a t io n  may th e re fo re  

be taken  a s  th e  d if fe re n c e  between the  t o t a l  p o la r is a t io n  and the 

e le c tro n  p o la r isa tio n *

For a p o la r  compound the e v a lu a tio n  of the  atom ic p o la r is a t io n  

i s  more d i f f i c u l t ,  but i t  may be e s tim a ted  by measuring the m olecular 

p o la r is a t io n ,  P , of a  oonpound in  th e  vapour s ta te  over a range of 

d i f f e r e n t  tem pera tu res, and then  p lo t t in g  the graph of F a g a in s t the 

re c ip ro c a l  of the ab so lu te  tem perature* The graph i s  ex tra p o la ted  to  

1/T » 0 , where the in te rc e p t  on the P a x is  should re p re se n t the t o ta l  

d i s to r t io n  p o la r is a t io n ,  from which the  atom ic p o la r is a t io n  may be 

c a lc u la te d  by su b tra c t in g  the e le c tro n  p o la r isa tio n *  This method has 

a number of d isadvan tages as compared w ith  the form er, includ ing  the  

len g th  of the  e x tra p o la tio n , the u n c e r ta in ty  of the  manner in  which
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p v a r ie s  w ith  tem pera tu re , and i t s  r e s t r i c t i o n  to  compounds whidi a re  

s ta b le  in  the vapour s ta te :  however, v a lu es ob tained  by th is  method by 

Groves and Sugden (3) and ly  Watson and Ramaswamy (4) are of a s im ila r  

o rd er to  those found by C a r tw r i^ t  and E rrera#

Where d i r e c t  measurement o f atom ic p o la r is a t io n s  has been p o s s ib le ,  

i t  has been found th a t  they  are  u su a lly  of the  o rder of 5 to  15^ of the  

e le c tro n  p o la r is a t io n  of the  compound# A ccordingly, i t  i s  u su a l, in  

the measurements of d ipo le  moments, to  make a  sm all, a rb i t r a ry  allowance 

fo r  th e  atomic p o la r is a t io n  o f %  of the  m olecular r e f r a c t io n  measured a t  

the sodium D l in e ,  a lthough  no simple sy stem atic  r e la t io n s h ip  can be 

shown to  hold good: indeed, no such re la tio n s h ip  can be expected on 

th e o re t ic a l  grounds. Over the  p a s t  t h i r t y  y ea rs , however, a number of 

case s  have been no ted  in  which anomalous d ipole moments have been found 

fo r  compounds having symmetrical m olecules, fo r  which a zero moment 

would have been expected . These **moments" have since been in te rp re te d  

as la rg e  atomic p o la r isa tio n s#

The f i r s t  c a se s  noted of th is  k ind  were the po lyn itrobengenes. 

H)6jendahl (^) found sm all apparent moments fo r  £ -d in itro b en zen e  and 

1 :)  t^ - 'tr in itro b e n z e n e , and l a t e r  measurements by Jenkins (6) confirm ed 

th i s  work and a lso  showed th a t o th er symmetrical d i -  and t r i -  n i t r o ­

benzene s possessed sm all apparent moments# Symmetrical dike tones were 

found to  have "moments* of about 0*7 D, a s  shown hy measurements on 

£-benzoquinone by Hasse1 and Naeshagen, which were confirmed by 

Le Pevre and Le Fâvre (8 ) , who a ls o  found a  nearly  equal moment fo r  

carbon suboxide# Ha imick, Hampson and Jenkins ( 9 ) extended the
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measurements to  a number of 2 :$ -  d is u b s t i tu te d  £-benzoquinones, and to  

2 ;2 84 :4 - te tram ethy loyolobu tane- 1 ; j-d io n e . In  a l l  th ese  c a se s , in s te a d  of 

f i n d i n g t o  be alm ost equal to  the  t o t a l  p o la r is a t io n ,  which would 

have been expected  fo r  a  p la n a r  sym m etrical m olecule, there  was a

d iscrepancy of between 8 and 11 c.o#

Symmetrical dioyano compounds were süLso found to show anomalies* 

Cyanogen had been shown, by measurements made a t  v a rio u s  tem peratures 

by Watson and Ramaswamy (loo* o i t* ) ,  to  possess  a r a th e r  high atom ic 

p o la r is a t io n ;  and Coop and S u tton  (10) found th a t  fo r  £-dicyanobenzene,

the d iffe ren c e  between ^200 8 c*c*, approxim ately equal to

the  value fo r  cyanogen*

Smith and Angus (11) were the f i r s t  to  p o s tu la te  high atom ic 

p o la r is a t io n s  in  m e ta ll ic  complexes, when they found apparent moments 

of 1*07 and 1*35 D* fo r  bery llium  ace ty laoe tonate  and b asic  bery llium  

a c e ta te  reap ec iiv e ly *  Both th ese  compounds were b e liev ed  to  p o ssess  

m olecular symmetry* T h e re a fte r , a number of m e ta ll ic  oospounds were 

found to  have anomalous moments* Jensen (12) in v e s tig a te d  se v e ra l 

p h o ^ h ir»  complexes of th e  type frtA^ (FRj)2]» where A re p re se n ts  a  

halogen atom and R e i th e r  the e th y l ,  n-propyl or iso -propyl group* Most 

of these  coiqplexes can be p repared  in  two form s, and th e  measurements 

were c a r r ie d  out in  o rder to  d is t in g u is h  between q is  and t r a n s  isomers* 

The o<-forms were undoubtedly o is  isom ers, p o ssess in g  large  d ip o le  

moments of about 11 D* In  th e  case of the ^  -compounds, or t r a n s  

isom ers, however, a moment of about 1 D. was found, corresponding to  

an atomic p o la r is a t io n  of about 23 c .o * , o r approxim ately ZOjo of[R j*

A s im ila r  r e s u l t  was found f o r  th e  cooplexes o f su b s ti tu te d  a rs in e s



and s t ib in e s ,  and Mann and Purdie ( I J )  found very n e a rly  equal 

apparen t moments f o r  s im ila r  cooplexes o f pallad ium .

Apparent moments of about 1 .)  D. were found by Cave 11 and Sugden 

(14) fo r  the n ickel complexes o f va rious glyoximes, which they examined 

fo r  o is - t r a n s  isom erism . Measurements were a lso  made by Hampson on 

dip he hylmercury, d i-£ -oh lo ropheny l mercury and r e la te d  oonçounds ( 15); by 

Curran and 7/enzke ( l 6 ) on th e  m ercuric h a lid e s , and by Coop and S u tton  

( lo c .  o i t . )  on the  te t r a h a l id e s  of t i ta n iu m , germanium and t in :  a l l  of 

which oon^ounds were found to  have email anomalous "moments*.

Finn, Hanç>son and Sutton  (1?) extended the measurements of Smith 

and Angus to  the  s e r ie s  of m e ta llic  complexes of ace ty lao e to n e , and in  

every case found unu su a lly  high v a lu es of the atomic p o la r is a t io n .  A 

rough a d d it iv i ty  was apparen t in  t h e i r  r e s u l t s ,  s ince  the  values 

f e l l  in to  th ree  groups having roughly th e  r a t io s  2 :5 :4 ; these  groups 

comprised conç»ounds w ith  two, th ree  and four ch e la te  r in g s  re s p e c tiv e ly , 

a lthough  considerab le  v a r ia tio n s  occurred  w ith in  each group.

Smith and Angus po in ted  out th a t  th e  d iffe ren c e  between the t o t a l  

and th e  e le c tro n  p o la r is a t io n s  of the  bery llium  complexes could not be 

due to  a  permanent moment, since th ere  was no v a r ia t io n  in  P w ith 

te %nper a tu r e .  They suggested  th e re fo re ^ h a t the d if fe re n c e s  observed 

could be a t t r ib u te d  to  the^x ia tence  of la rg e  atomic p o la r is a t io n s ,  

which might be expected to  be largp  in  a molecule co n ta in in g  bonds as 

h ig h ly  p o la r  as  the Be4 — 0 p a r t i a l  coord inate  l in k .  Since a t  th a t  

time the  ex is ten ce  of la rg e  atomic p o la r is a t io n s  had not been 

co n clu siv e ly  dem onstrated, t h i s  suggestion  was not g e n e ra lly  accep ted , 

p a r t i c u la r ly  a s  the measurements in  q u e s tio n  had been made in  so lu tio n .
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SO th a t  the p o s s ib i l i ty  of a  so lv en t e f f e c t  could  not be ru le d  o u t.

Jenk ins (6 ) proposed a th eo ry  to  aocount fo r  c e r ta in  o f the  

anomalous moments, in  p a r t ic u la r  those of the poly n itrobenzene s and 

mercury ooflspounds, based on the  assunp tion  th a t  a  g iven bond moment 

i s  not c o n s tan t, b u t i s  su b je c t to  f lu c tu a t io n s  about a  most probable  

va lu e , caused by th e  v a r ia t io n s  in  so lv e n t-so lu te  fo rc e s . An 

a lte rn a t iv e  theory  was pu t forw ard by Frank and S u tton  (16 ), ex p la in in g  

the  anomalies on th e  b a s is  of moments induced in  th e  m olecules of 

the so lven t by th e  balanced d ip o le s  in  th e  m olecules of the  s o lu te .

Finn, Hampson and Sutton  ( lo c .  c i t .  ) were, however, able to  show th a t  

the m olecular p o la r is a t io n  of bery llium  a c e ty la o e to n a te , measured 

in  a number of d i f f e r e n t  so lv e n ts , was p r a c t ic a l ly  co n stan t, w ith in  

the  l im i ts  of experim ental e r r o r .  The va lues obtained  from measurements 

made on s o lu tio n s  in  carbon d i sulphide were no ex cep tio n , whereas 

both th e  Jenk ins and the Sutton-Frank so lven t th e o r ie s  p re d ic te d  a 

h igher value fo r  the m olecular p o la r is a t io n  in  t h i s  so lv en t. Moreover, 

Coop and S u tton  ( lo c .  c i t . )  were ab le  to  dem onstrate  th a t  the  

anom alies p e r s is te d  when tiia measurements were made on the  ace ty lao e ­

to n a te  s , £-benzoquinones, £ -d in itro b en zen e  and the  te t r a h a l id e s  of 

titan iu m , germanium and t i n  in  th e  vapour s t a t e , th u s  proving th a t  

a  so lven t e f f e c t  could not be wholly re s e n s i b l e .  They also  showed
I

th a t  there  was no v a r ia t io n  in  th e  (molecular p o la r is a t io n  in  the 

vapour s ta te  w ith tem pera tu re , which ru le d  out the p o s s ib i l i ty  of 

the  presence of a  permanent d ip o le . An esqplanation based on inconylete  

c h e la tio n  of the ace ty lao e to n a te  ring  was a lso  e lim in a ted , s ince  in  

Budi a case v a r ia tio n s  w ith  tem perature would be expected; a ls o ,  the  

s t a b i l i t y  o f the compounds makes t h i s  u n lik e ly . T̂ ie eyim etry of the
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ohela te  r in g s  i s  in d ic a te d  by th e  resonance th eo ry . I t  wab shown th a t  

slow bending, caused by therm al c o l l i s io n s ,  a s  p o s tu la te d  by Hanç)8on 

to  aocount f o r  the  anom alies found fo r  dlphenylm erouiy and t i ^  

r e la te d  oompounds, could not e jç la in  th e  e f f e c ts  observed fo r  the 

ace ty lao e  to n a te s , since the  frequency of bending can be shown to  be 

too  high to  allow  th e  m olecules to  o r ie n ta te  them selves while b e n t.

The only o th e r  p o ss ib le  e x p lan a tio n  was t h a t  of la rg e  atom ic 

p o la r is a t io n s ,  as o r ig in a lly  pu t forward by Smith and Angus. Atomic 

p o la r is a t io n s  can be expected to  be independent of so lven t o r 

tea^er a tu r e ,  and may be expected to  show the a d d it iv i ty  e x h ib ite d  hy 

the ace ty la o e  to n a te s : moreover, a l l  the  compounds fo r  which anom alies 

have been observed are  of the type co n ta in in g  two or more la rg e  

balanced d ip o le s  in  th e  m olecule, so th a t ,  while in  the unperturbed  

s ta te  the  m olecules are  non-po lar, they become h ighly  p o la r  i f  a sm all 

displauem ont from the sym m etrical arrangem ent occurs.

The ex p ress io n

p p
A » 4-tt N p

• 9 V,

which expresses th e  c o n tr ib u tio n  made to  the  p o la r is a t io n  of a f le x ib le  

molecule of a v ib ra t in g  system, e i th e r  bond or group, of moment yi, the 

fo rce  constan t fo r  th e  v ib ra t io n  being V^, was a p p lied  by Finn, Hampson 

and S u tton  to  the a ce ty lao e to n a tes , quinones and te t r a h a l id e s  in  o rder 

to  ga in  in fo rm ation  about the fo rce  co n stan ts  of th e  v ib ra t io n s . For 

most m olecules, p, i s  not la rge  fo r  any bond, and w ill not u su a lly  

exceed about 5 c .c # , : but where p  i s  g rea te r  ttian about 2 .5  D. fo r  any
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bond, the  e f f e c t  o f atom ic p o la r i s a t i o n  must be ta k e n  in to  a c c o u n t.

T h is tre a tm e n t a ls o  e x p la in s  th e  alm ost e x a c t ly  equal a tom ic

p o la r i s a t io n s  o f th e  sym iaetrical d ik e to n e s , in c lu d in g  the  v a r io u s

substituted quinones, carbon suboxide and 2%2;4;4-tetrametbylcy o lo -

b u tan e -1 : ) «#dione, Each of th e s e  compounds p o s s e s s e s  th e  same

v ib r a t in g  ^ s te m  of two o o l l in e a r  carbonyl g ro u p s, which make a  la rg e

c o n tr ib u t io n  t o  th e  atom ic p o la r i s a t i o n  of th e  m olecule on acc o u n t of

th e  la rg e  0^=0 bond moment; th e  c o n tr ib u t io n s  from  th e  rem ainder o f

th e  m olecu le , w hatever th a t  may be in  each c a se , a re  much sm a lle r  in

com parison. S im ila r  consi da r a t i o n s  apply to  the  dioyano compounds, and

th e  a d d i t iv i ty  o f the  atom ic p o la r i s a t io n s  o f th e  a c e ty la o e to n a te s  i s

e x p la in e d  on th e  same b a s i s .  I t  i s  s u rp r is in g  t l i a t  n ic k e l c a rb o n y l was

found ly  S u tto n , New and B en tley  ( I 9 ) to  have an atom ic p o la r i s a t i o n  of

only  2 C .C .*  s in c e  sp e c tro sc o p ic  measurements (20) show t l ia t  th e  fo rc e

c o n s ta n t i s  o f th e  same o rd e r a s  those c a lc u la te d  f o r  the  a o e ty la c e to n a te s ,

—12 2i . e . ,  about J  x 10** e rg s / r a d ia n  /m o lecu le , and the  moment of th e  

0 —>Ni bonds would have been ex p ec ted  to  be v e ry  h ig h . Repeat 

m easurements m ight be of advantage in  t h i s  c a s e , s in c e  only two 

s o lu t io n s  were u se d .

The i n i t i a l  trea tm en t a lo n g  th ese  l in e s  assumed th a t  two d i s t i n c t  

f a c to r s  were in v o lv ed , i . e . ,  th e  bending  of th e  m olecu les, fo llo w ed  by 

th e  o r ie n ta t io n  o f the  ben t m o lecu les In  th e  e l e c t r i c  f i e l d .  I t  was 

su g g ested , th e r e fo re ,  th a t  I f  th e  n a tu r a l  p e r io d  of th e  bending

v ib r a t io n s  were l e s s  th an  th e  tim e re q u ire d  f o r  o r ie n ta t io n  (assumed
12

to  be about 5 % 10* s e c .)  th e n  th e  only  e f f e c t  invo lved  would be t h a t  

o f  bending , w hereas i f  i t  were l a r g e r ,  c o n tr ib u t io n s  would be made both



by bonding and by o r ie n ta t io n .  D avidson and S u tto n , however, (2 1 ) were 

ab le  to  show by s t a t i s t i c a l  m ethods t h a t  the  two f a c to r s  do not make 

independent c o n tr ib u t io n s  to  th e  t o t a l  p o l a r i s a t i o n ,  and i t  i s  no t 

p o s s ib le  to  d is t in g u is h  betw een them .

In  th e  p r e s e n t  work, th e  aim  has been to  e x ten d  measurements o f 

a tom ic  p o la r i s a t i o n  to  as wide a  range o f o h e la te  complexes a s  p o s s ib le .  

The number o f compounds on w hich measurements can be made i s  g r e a t ly  

r e s t r i c t e d  by th e  l im ite d  s o lu b i l i t y  of most m e ta l l ic  com plexes i n  non­

p o la r  s o lv e n ts ;  t h i s  e x p e c ia lly  a p p lie s  to  cozapounds in  whose m olecu les 

th e  o h e la te  r in g  c o n ta in s  f iv e  atom s, and only two oonpounds of t h i s  

ty p e  have been  found to  be s u f f i c i e n t l y  so lu b le  f o r  measurements to  be 

made. A f a i r l y  wide range o f six-membered r in g s ,  in c lu d in g  a number o f 

Gonplexes o f th e  s a lic y la ld é h y d e  s e r i e s ,  i s  a v a i la b le ,  in  which e i t h e r  

oxygen or n i t ro g e n  atoms a re  c o o rd in a te d  to  th e  c e n t r a l  atom, which i s  

g e n e ra lly  copper or n ic k e l in  th e  so lu b le  com plexes.

In  c e r t a i n  o a se s  thesyoraetry  of th e  m o lecu les has been e s ta b l is h e d  

by o ry s ta l lo g ra p h ic  a n a ly s is  ; t h i s  a p p lie s  to  th e  s a l  ioy laldoxim e 

com plexes of n ic k e l  and copper, which have been shown hy Cox, W ebster e t  

a l .  ( 22, 25) t o  be p la n a r , and to  p o sse ss  a  c e n tre  o f sym oetxy. In  the  

case  o f th e  n ic k e l  complex th e  p la n a r i ty  was confirm ed  by m agneto- 

chem ical m easurem ents. Symmetry o f th e  m olecu les of the  a o e ty la c e to n e  and 

dibenzoylm ethane ooaqplexes i s  re q u ire d  by th e  resonance th e o ry , and, 

i n  th e  case o f copper a c e ty la o e to n a te ,  t h i s  h as  been  confirm ed by X -ray 

exam ination  by Cox and W ebster. The rem ain ing  oompounds have b een  

confirm ed by th e r e  s u i t s  o b ta in e d . No value  o f th e  m o lecu lar p o l a r i s a t i o n  

has been found f o r  th e se  com plexes g re a te r  th a n  2^0 c . o . ,  ex cep t i n  th e
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case o f cc^ p er sa l  io y l  Ida ne a n i l i n e ,  w hidi a p p e a rs  to  be e x c e p tio n a l :  

Jensen ( l o c .  c i t . ) ,  on th e  o th e r  hand, o b ta in ed  v a lu e s  f o r  th e  m o lecu la r 

p o la r i s a t io n s  o f the  o is  p la n a r  ocxaplexes o f p la tinum  o f  app rox im ate ly  

2500 0. 0 . No meaaureznents of th e  moment o f a  t e t r a h e d r a l  complex o f  

t h i s  ty p e  appear to  have been  made, bu t i t  i s  p robab le  t h a t  i t  would 

be l a r g e ,  and in te rm e d ia te  betw een th e  moments of th e  c i s  and t r a n s  

complexe s .



1 1 .

CHAPTER I .

METHODS OF RESEARCH.

S e c tio n  1 . A pparatus.

I t  was p o in te d  out by Debye (1 )  t h a t  th e  C lausius-M oaotti-D ebye 

e q u a tio n  f o r  th e  m o lecu la r p o la r i s a t io n  of a  p o la r  confound in  th e  

gaseous s t a t e  co u ld  be a p p lie d  to  th e  case  of a  p o la r  compound i n  d i lu t e  

s o lu t io n  i n  a  n o n -p o la r s o lv e n t.  For th e  c a lc u la t io n  of the m olecu lar 

and e le c t r o n ic  p o l a r i s a t i o n s  of a  compound by t h i s  method i t  i s  

n ecessa ry  to  d e te m in e  th e  d e n s i t i e s ,  d i e l e o t r i o  c o n s ta n ts  and 

r e f r a c t i v e  in d ic e s  of a  s e r i e s  of s o lu t io n s  o f graded c o n c e n tra t io n s .

The a p p a ra tu s  which was u sed  f o r  th e  d e te rm in a tio n  of th o se  q u a n t i t i e s  

w i l l  be d e sc r ib e d  in  th is  s e c t io n .

D e te rm in a tio n  of the  D ie le c t r i c  C o n sta n ts .

I t  was d e s ire d  t o  measure d i e l e c t r i c  c o n s ta n ts  betw een 2 .2  and 

2.5# w ith , i f  p o s s ib le ,  an aocuraqy of +0.0001, and  f o r  th i s  purpose 

an ap p ara tu s b a se d  on th e  he terodyne b e a t  p r in c ip le  i s  th e  most 

s a t i s f a c to r y .  The a p p a ra tu s  which u?ed was t h a t  designed  by Few, 

Sm ith and W itte n , (2 ) ,  and b u i l t  by Few ( ) ) .  I t  was designed  i n  such a 

way t h a t  one s id e  of the  tuned  c i r c u i t  in  each of th e  two o s c i l l a t o r s  

was e a r th e d : t h i s  enab led  th e  ad ju stm en t of th e  tu n in g  condensers to  

be made w ith o u t any changes i n  th e  frequenqy due to  hand c a p a c i ty . 

S c re e n -g r id  sund anode p o te n t i a l s  were su p p lied  from  a s in g le  h ig h -  

te n s io n  u n i t  to  reduce v a r i a t io n s  i n  frequency ; th e  b e a t  frequency  was 

found to  be in s e n s i t iv e  t o  d e l ib e r a te ly  imposed v a r ia t io n s  of th e
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s c re e n -g r ld  or anode p o t e n t i a l s .  The two o s c i l l a t o r s  were connected  to  

th e  same lo w -ten s io n  so u rc e . A ll th e  anode le a d s  and so re  e n -g r id  le a d s  

were decoup led  to  p rev e n t in te r a c t io n ,  and th e  use o f e l e c t r o n  c o u p lin g  

to  mix th e  two h i^ - f r e q u e n o y  o s c i l l a t i o n s  conq)la te ly  e lim in a te d  a l l  

tendency to  " lo o k in g -in "  (v id e  Groves ( 4 ) ) .  H i ^  q u a l i ty  short-w ave 

tu n in g  condensers were employed. The in d u c ta n c e s  c o n s is te d  o f 24 S.W.G. 

enam elled  copper w ire , c lo s e ly  wound on P a x o lin  fo rm ers . By th e  use o f a  

s u b s t i t u t io n  te c h n iq u e , i t  was p o s s ib le  t o  in tro d u ce  e i t h e r  th e  d i e l e c t r i c  

c e l l  o r the p r e c is io n  condenser in to  th e  tuned  c i r c u i t ,  w hile  th e  o th e r  

was e a r th e d  on b o th  s id e s .  By t h i s  means, a  ve iy  r a p id  m atching  of th e  

c a p a c ity  of the p r e c is io n  condenser to  the  c a p a c ity  o f th e  d i e l e c t r i c  

c e l l  was p o s s ib le ,  which m inim ised e r r o r s  a r i s in g  from a p o ss ib le  

frequency  d r i f t  in  e i t h e r  of th e  o s c i l l a t o r s .  The o s c i l l a t o r s  were 

housed in  m etal b o x es, and a l l  in te rc o n n e c tio n s  were made by screened  

c a b le .

L is t  o f Components.

-  C ossor V.9*

Vg -  M arconi S .24 ,
i ’

Vj -  R aytheon 6.SA.7#

-  Osram Z .21.

-  ) 0  tu rn s  of 24 S.W .G., 2 i n .  d iam e te r , c lo se  wound.

Lg -  7 * * * * * • • ■

N I K
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^50 jUjuF short-w ave v a r i a b le .

7 jujoF trim m er.

200 p p f  f ix e d , sw itch ed  in  or o u t .  

^ D ie le c tr ic  c e l l  and p r e c is io n  co n d en se r.

75 fiàiort-wave v a r ia b le .

500 fjp?  f ix e d .

Cj -  200 ppF  f ix e d .

0 ^ ,0 ^ ,Gg -  Zp? -  1000 v o l t s .

1 “ 550 v o l t s .

Cq -  1 ^F  -  800 v o l t s .

Cio -  0 .25  p f  -  450 v o l t s .

^14*^15 " ^ trim m ers .

-  1 megohm.

R̂ ,Rĵ  -  0.1 megcAm.

-  150 ohms.

Rg -  2 megohms.

Rp -  10,000  ohms + 50 ,000  dims v a r i a b le .

-  0-10 moving c o i l  m illiam m eter.

Ag -  0-200 moving c o i l  m icroam neter.

J  -  ja c k  f o r  e a rp h o n es .

Q -  q u a r ts  c r y s t a l ,  approx im ate ly  1 megacycle

P -  socket f o r  sc reen ed  c a b le .
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The heterodyne b e a t  ap p ara tu s c o n s is te d  o f a c ry s ta l - c o n t r o l l e d
g

o s c i l la to r #  q p e ra tin g  a t  a frequency of 10 c# p .s .#  and a v a r ia b le  

frequency  o s c i l la to r#  eh lch  co n ta in ed  In  the tuned c i r c u i t  e i th e r  the  

p r e c is io n  condenser o r the  d i e l e c t r i c  c e l l .  The p r e c is io n  condenser 

used had a cap ac ity  range of )00  jiji?, and could be matched a g a in s t  the  

d i e l e c t r i c  c e l l  w ith th e  maximum accuracy  fo r  d i e l e c t r i c  co n s tan ts  up 

to  about )  I f  the  c a p a c ity  of the c e ll#  when I t  con ta ined  a i r  a s  th e  

d i e l e c t r i c  m ateria l#  was approxim ately  100 jifiF. The Inductance was 

chosen to  g ive resonance a t  a frequency of about lO ^ c .p .s . w ith  a t o t a l  

c a p a c ity  of about 450 jujiF* In  th e  c ir c u i t#  allow ing about 100 to  

150 jüipF* f o r  the minimum cap ac ity  due to  the  adjustm ent condensers# leads# 

e t c .  S u b s titu t in g  th e se  f ig u re s  In  the  eq u a tio n

f  » 1

z n J w

the re q u ire d  value fo r  th e  Inductance I s  about 50 m icrohenries#

The o u tp u ts  from th e  two o s c i l l a to r s  were fed  on to  th e  g r id s  of a 

mixer valve# the  output of which was r e c t i f i e d  by a pentode valve# which 

opera ted  a s  an  anode bend d e tec to r*  The anode le a d  of t h i s  d e te c to r  

passed  through a  0—200 m ovIng-coll microammeter and a  p a i r  o f earphones* 

connected In  s e r ie s  t o  the  h igh  ten s io n  te rm in a l . The earphones 

enabled  the  b ea t frequency to  be d e te c te d  aud ib ly  a t  f re q u e n c ie s  g re a te r  

than  about ) 0  c . p . s . ;  The mlcroammeter# which r e lo a d e d  to  freq u en o ies  

between approxim ately  20 c .p .s #  and zero# p rov ided  d e te c t io n  w ith in  

t h i s  ran g e .

High T ension Supply.

The h igh  te n s io n  supply  was drawn from the Â.C. mains u s in g  a
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C lark e ’s " A tlas"  e lim in a to r  from  udiioh c e r ta in  s e t  v a lu e s  o f th e  

p o te n t ia l  cou ld  be chosen* The most s a t i s f a c to r y  com bination of th e  

a v a ila b le  v a lu e s  was found to  be g iven  hy a p o te n t ia l  of I 50 v o l ts  on 

the  anodes and of 90 v o l ts  on th e  so reen -g rId s  of the v a lv e s . The 

anodes and s c re e n -g r id s  were decoupled to  e a r th  by th e  condensers

Relay un it*

The r e la y  u n i t  used was o f th e  P o st O ffice  sw itch  type# and was used 

in  p re fe ren ce  to  the  mercury cup type because i t  can be o p e ra ted  by a 

b e ll-p u sh  s i tu a te d  a t  a d is ta n c e  from the  d i e l e c t r i c  c e l l  and th e  

p re c is io n  condenser. The re la y  I t s e l f  was p lac ed  near to  the  d i e l e c t r i c  

c e l l  p la tfo rm  and the p re c is io n  condenser#which made p o ss ib le  th e  use o f 

sh o r t  leads# th ereb y  reduc ing  s tra y  c a p a c i t ie s .  The connec tions between 

the  o s c i l l a t o r  compartment and the r e ls y  were made by low oeqpaclty screened  

cable* The le a d s  from th e  r e la y  to  th e  d i e l e c t r i c  c e l l  and to  the  

p re c is io n  condenser were of r i g id  12 S.W*G. b ra s s  rods# a rranged  so th a t  

the e a rth e d  le a d  adequately  screened  the ra d io  frequency le a d . The re la y  

connections were arranged to  e a r th  both  s id e s  of th e  p re c is io n  condenser 

when the  d i e l e c t r i c  c e l l  was In  the  o s c i l l a to r  c irc u it#  and to  e a r th  both 

p la te s  o f the  c e l l  when the  p re c is io n  condenser was In  the o s c i l l a t o r  

c i r c u i t .

In  p ra c t ic e  I t  was found th a t  the  c ap a c ity  a sso c ia te d  w ith  th e  re la y  

u n i t  rem ained co n stan t d u rin g  use# bu t to  ensure tro u b le - f re e  o p e ra tio n  

the  c o n ta c ts  were always c leaned  w ith  f in e  emery paper# and f i n a l l y  

p o lish ed  w ith  s ilk #  b efo re  th e  ap p ara tu s was used*
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P re o le io n  Condensar»

An N#P.L. o e r t l f io a t e d f  S u ll iv a n  d i r e c t  d r iv e  p r e c is io n  v a r ia b le  

a i r  condenser was u sed , w ith  a  c a p a c ity  range o f 65 to  565 ppF* I t  

had a  f in e ly  d iv id e d  deg ree  s c a le  c o n s is t in g  o f  720 d i r e c t l y  engraved  

d iv is io n s ,  w hich was f i t t e d  w ith  a  sim ple m icroscope and a  v e r n ie r  

rea d in g  d i r e c t l y  to  o n e -tw e n tie th  o f a  d i v i s io n .  By e s t im a tio n  th e  

sc a le  could  be re a d  to  o n e - f o r t i e th  o f a  d iv is io n :  t h i s  co rresponded  to  

a  change i n  c a p a c ity  o f ap p ro x im a te ly  0 .01  jjpF. U sing a  d i e l e c t r i c  

c e l l  w ith  a  c a p a c ity  of about 100 jxjif. when a i r  was the d i e l e c t r i c ,  t h i s  

s c a le  re a d in g  aocurapy made i t  p o s s ib le  to  d e te rm in e  th e  d i e l e c t r i c  

c o n s ta n ts  of th e  s o lu t io n s  to  w ith in  jhO.OOOl.

The t a p e r  b e a r in g  o f th e  condenser a llow ed  very  sm all in c rem en ts  

o f c a p a c ity  to  be made: by ap p ly in g  a  s l i ^ t  to rq u e  t o  th e  c a p s ta n  head 

o f th e  co n d en se r, th e  b e a t  freq u en cy  could  be a l t e r e d  by one o r two 

c y c le s  p e r  seco n d . This showed th e  condenser to  be e n t i r e l y  f r e e  from  

b ack la sh : i t  was found th a t  i t  cou ld  be a d ju s te d  w ith  a  f a r  h ig h e r  

deg ree  o f p r e c i s io n  than  t h a t  w ith  which th e  s c a le  could be r e a d .

W hilst th e  c a p a c ity  of th e  p r e c is io n  condenser was a d ju s te d  as 

f a r  a s  p o s s ib le  so th a t  th e  b e a t  frequency  when i t  was in  th e  c i r c u i t  

was the  same a s  when i t  was re p la c e d  by th e  p r e c i s io n  co n d en se r, i t  i s
r

d e s ira b le  t o  know what i s  th e  change in  th e  b e a t  frequency  c o rre sp o n d in g  

to  th e  minimum a l t e r a t i o n  in  th e  c a p a c ity  o f the  p r e c is io n  condenser 

which can be d e te c te d  on th e  s c a le .

From th e  e q u a tio n

■ ^  " — —  . . . .  1 .

27tJl5
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d i f f e r e n t i a t i o n  w ith  r e s p e c t  to  C.L rem ain ing  c o n s ta n t ,  g iv e s  

®  ..................................................................

D iv id in g  e q u a tio n  2 by e q u a tio n  1 ,

d f  ** — dC • # # # # ^ *
f  20

Sinoe f  = lO ^ o .p .s . ,  and C i s  o f the  o rd e r of $00 jXjiF,, th e n  f o r  th e

s m a l le s t  d e te c ta b le  c a p a c ity  change of 0 .01  jupF.^

d f  a -  0 .01 ,  '

10^ 2 X 500

whence d f  » 10 o .p . s .

Thus i t  was a c tu a l ly  n ecessa ry  only to  match th e  c a p a c ity  o f the 

p r e c is io n  condenser to  t h a t  o f th e  d i e l e c t r i c  c e l l  to  w ith in  a  b e a t  

frequency  d if f e r e n c e  of f iv e  c y c le s  p e r  seco n d , e n su rin g  a t  th e  same 

tim e t h a t  th e  b e a ts  were o c c u rr in g  on th e  same s id e  of th e  z e ro  b ea t 

p o s i t io n .

The c a l ib r a t i o n  of th e  condenser was c a r r i e d  out th e  " s te p "  method, 

u s in g  th e  heterodyne b e a t a p p a ra tu s . The p r e c i s io n  condenser was f i r s t  

a d ju s te d  to  th e  aero of th e  s c a le ,  and th e n  by o p e ra tio n  of th e  r e la y  a  

sm all f ix e d  condenser was in tro d u c e d  in to  th e  c i r c u i t .  T h is  f ix e d  

condenser was in  f a c t  th e  c a p a c i ty  a s s o c ia te d  w ith  the  r i g i d  b r a s s  

le a d s  from  th e  re la y  to  th e  d i e l e c t r i c  c o l l  p la tfo rm . The o s c i l l a t o r s  

were th e n  m atched to  zero  b e a t s  by ad ju s tm en t o f  th e  tu n in g  condensers 

in  the v a r ia b le  frequency o s c i l l a t o r .  The f ix e d  condenser was th e n  

removed from  the  c i r c u i t  by o p e ra t io n  o f th e  r e l a y ,  and th e  o s c i l l a t o r s  

were a g a in  m atched by ad ju s tm en t of th e  p r e c i s io n  co n d en se r. The new 

re a d in g  on th e  condenser was no ted  and i t  was then  r e a d ju s te d  t o  the
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z e ro  of th e  s c a le ,  and the p ro ced u re  was r e p e a te d . The mean o f two o r 

th r e e  such r e a d in g s  was tak en  a s  th e  c o r re c t  c a p a c i ty  in c rem en t.

The p r e c i s io n  condenser was th e n  a d ju s te d  t o  t h i s  mean re a d in g  and

th e  whole p ro ced u re  was re p e a te d  f o r  the  second " s te p " .

fiy t h i s  m ethod, th e  p a r t  of th e  sc a le  of th e  p r e c is io n  condenser

which was used  i n  th ese  m easurem ents was c a l ib r a t e d .  Checking r e p e a ts ,  

made a t  s e v e ra l  p o in ts  o f the  s c a le ,  showed th a t  th e  c a l ib r a t io n  was 

s a t i s f a c to r y  w i th in  th e  l im i t s  o f th e  s c a le  re a d in g  acc u ra c y .

D ie le c t r i c  C e l l .

The d i e l e c t r i c  c e l l  was b a sed  on th e  p r in c ip le  in tro d u c ed  by 

Say ce and B riscoe  ( $ ) .  I t  had an e l e c t r i c a l  c a p a c i ty  o f about 100 

jifif when f i l l e d  w ith  n itro g e n  a s  th e  d i e l e c t r i c  m a te r ia l ,  and when f u l l  

i t  co n ta in ed  ab o u t ) 0  c .o .  o f l i q u i d .  Two )  mm. bore c a p i l la r y  tu b e s  

gave a c c e ss  to  th e  an n u la r sp ace , and th e s e ,  to g e th e r  w ith  the  elbow - 

tu b e  idiioh p ro v id ed  a  c o n n ec tio n  to  th e  p la tin u m  e le c tro d e  of th e  o u te r  

p l a t e  of the  c e l l ,  were su p p o rted  by g la s s  t ie - a r r a s  Jo in in g  them t o  th e  

m ain body o f th e  c e l l .  T h is ^ e a t l y  in c re a se d  th e  r e s is ta n c e  o f th e  

c e l l  to  m echanical s t r a i n ,  hence in c re a s in g  th e  s t a b i l i t y  o f i t s  

e l e c t r i c a l  c a p a c i ty .  The p la tin u m  w ire which a c te d  a s  a  c o n n e c tio n  to  

th e  in n e r  p l a t e  o f the  c e l l  was ex tended  a long  th e  a x is  and fu se d  in to  

a  g la s s  cup a t  th e  to p  of th e  c e l l .  Both t h i s  cup , and th e  o u te r  p la te  

c o n n ec tio n  tube  were f i l l e d  w ith  m ercury to  en su re  th a t  p ro p e r c o n ta c t  

was made w ith  th e  r i g id  le a d s  to  th e  c e l l .  The c e l l  in c o rp o ra te d  a  gold , 

l e a f  g u a rd -r in g , which g r e a t ly  reduced  the  sm all e d g e -e f fe c t  w hich 

o therw ise  o c cu rs  i n  t h i s  type  of c e l l .
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The s i lv e r in g  of th e  o e ll  was c a r r ie d  ou t by th e  method 

d e sc r ib e d  by Sugden ( 6 ) .  u s in g  fo u r  a p p lic a t io n s  o f the  s p e c if ie d  

s i lv e r in g  s o lu t io n .  As th e  p resence  o f th e  g u a rd -r in g  maie i t  

im possib le  to see  th e  le v e l  of th e  s i lv e r in g  s o lu t io n ,  a co n stan t 

volume o f th e  s o lu t io n  was added f o r  each a p p l ic a t io n ,  so  th a t  the  

upper edges of th e  p l a t e s  ^ o u ld  be on an even l e v e l .  In  o rder to  

p re s e rv e  the su rfa c e  of th e  s i l v e r  p l a t e s ,  the  o e l l  was always l e f t  

f i l l e d  w ith  one o f th e  pure s o lv e n ts  when i t  was n o t in  u se .

The c h ie f  advantage of the  Sayoe and B riscoe ty p e  o f c e l l  i s  t h a t  

th e re  i s  no so lid  d i e l e c t r i c  betw een th e  s i lv e re d  p l a t e s ,  and vezy l i t t l e  

in  th e  neighbourhood of th e  edge. The d is ta n c e  betw een  the p l a t e s  i s  

sm all compared w ith  t h e i r  l in e a r  d im ensions, and by e a r th in g  the  

o u te r  p l a t e ,  an  a lm ost complete e l e c t r o s t a t i c  sc reen  i s  p rov ided . The 

o e l l  th u s  approx im ates very  c lo s e ly  to  a  p e r fe c t  condenser, i . e . ,  one 

in  which the  c a p a c ity  i s  s t r i c t l y  p ro p o r tio n a l  to  th e  d i e l e c t r i c  

c o n s ta n t  o f th e  m a te r ia l  between the  p l a t e s .  There i s ,  however, a  sm all 

edge e f f e c t ,  due m ainly to  the  c a p a c ity  between th e  edge of th e  in n e r  

s i l v e r e d  su rface  and th e  e a r th e d  th e rm o s ta t, in v o lv in g  a  mixed 

d i e l e c t r i c  c o n s is t in g  p a r t ly  o f th e  s o lu t io n  in  th e  o e l l  and p a r t ly  o f  

i t s  o u te r  g la s s  w a l l .  There i s  an  a d d i t io n a l ,  vexy sm all e f f e c t  due t o  the 

c a p a c ity  betw een th e  in n e r  p la tin u m  connecting  w ire and the  e a r th e d  

th e rm o s ta t ,  aga in  in v o lv in g  a  mixed d i e l e c t r i c  c o n s is t in g  of th e  

in n e r  a ir-q p ao e  in  the  c e l l ,  the  s o lu t io n  co n ta in ed  in  the c e l l  and th e  

two g la s s  w a lls . T h is e f f e c t  i s  imzch sm a lle r  them th e  form er and can  

be co n sid ered  n e g l ig ib le .

The edge e f f e c t  of th e  Sayce and B riscoe type o f c e l l  has been 

s tu d ie d  in  d e ta i l  by Sugden ( lo c .  c i t . )  and B a ll (7 ) in  in v e s t ig a t io n s
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o f th e  d l e l e c t r i o  c o n s ta n ts  of l i q u i d s  up to  a  d i e l e c t r i c  c o n s tan t o f 

abou t 30 . I f  the  edge e f f e c t  i s  ig n o re d , the  e x p e rim e n ta lly  dete rm ined  

v a lu e s  o f th e  d i e l e c t r i c  c o n s ta n ts  were s l i g h t ly  low er than  the  

a b so lu te  v a lu e s , th e  l a r g e s t  d is c re p a n c ie s  being  f o r  th e  h ig h e s t 

d i e l e c t r i c  c o n s ta n ts .  Sugden shoved t h a t  f o r  a  mixed d i e l e c t r i c  o f th e  

type  d e sc r ib e d  above, th e  edge c a p a c ity  C v a r ie d  acco rd in g  to  the 

fo llo w in g  r e la t io n s h ip :

<X

^2

where and a re  th e  d i e l e c t r i c  c o n s ta n ts  r e s p e c t iv e ly  of the  

l iq u id  i n  th e  o e l l ,  and of the g la s s  o f th e  o u te r  o e l l  w a ll ,  and d^ 

and dg are  th e  th ic k n e s s e s  o f th e  d i e l e c t r i c  la y e r s  of the l iq u id  and 

th e  g la s s  w all r e s p e c t iv e ly .

In  th e  p re s e n t  work, the  m easurem ents were of d i e l e c t r i c  c o n s ta n ts  

o f  s o lu t io n s ,  which v a r ie d  only s l i g h t l y  from th o se  o f  th e  pure s o lv e n ts ,  

which them selves were approx im ate ly  2 . The edge c o r r e c t io n  i n  these  

o ases i s  th e re fo re  sm all# However, th e  measurement o f i t s  magnitude 

was made by th e  g e n e ra l method o f Sugden, by d e te rm in in g  th e  o p a c i t y  

o f  th e  d i e l e c t r i c  c e l l  when i t  c o n ta in e d  n itro g e n , o r l iq u id s  of 

v a ry in g  d i e l e c t r i c  c o n s ta n ts , b o th  when i t  was rem ote from , and when i t  

was n e a r , e a r th e d  c o n d u c to rs . The change in  c a p a c ity  under these  

c o n d it io n s  i s  th e n  a measure o f th e  edge c o r r e c t io n .

A c p p e r  c o l l a r ,  about 3 om. lo n g , which c lo s e ly  f i t t e d  the  

o u te r  g la s s  w all o f the  o e l l ,  was u se d . The c o l l a r ,  which was e a r th e d , 

co u ld  be moved \xp and down the  o e l l  so t h a t  i t  was e i t h e r  below th e
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l e v e l  o f the  edge of th e  s i lv e r e d  s u r fa c e s , or above t h i s  l e v e l ,  th u s  

s im u la tin g  th e  absence and p resen ce  of th e  e a r th e d  th e rm o s ta t  w a te r .

The d i e l e c t r i c  c e l l  was supported  in  th e  empty th e rm o s ta t  a t  20^, 

rem ote f^om e a r th e d  c o n d u c to rs . The c o l l a r  was a d ju s te d  t o  a  p o s i t io n  

below th e  l e v e l  o f th e  s i l v e r e d  s u r fa c e s ,  and th e  o e l l  was f i l l e d  w ith  

n i tro g e n . The o p a c i t y  was th e n  determ ined  in  th e  u su a l way. The 

c o l l a r  was th e n  moved up so  t h a t  i t s  low er edge was a few mm. below  the 

edge of th e  s i lv e r e d  s u r f a c e s ,  and th e  o p a c i t y  ag a in  d e te rm in ed . T h is 

rea d in g  was found  to  be s l i g h t l y  h ig h e r th an  th e  f i r s t ,  th e  d if fe re n c e  

c o r re p o n d in g  to  the  edge c a p a c i ty .  T his p rocedure  was re p e a te d  w ith  

oyclohexane, benzene and ca rb o n  d isu lp h id e  su o o e ss iv e ly  as d i e l e c t r i c s ,  

g iv in g  a  range of d i e l e c t r i c  c o n s ta n ts  betw een 1 and 2 .6 ,  th u s  com plete ly  

covering  th e  f u l l  range o f th e  d i e l e c t r i c  c o n s ta n ts  o f th e  s o lu t io n s  

u se d . A g r p h  was p lo t t e d ,  lo w in g  the  v a r i a t i o n  of th e  edge c o r r e c t io n ,  

e p r e s s e d  i n  term s of s te p  numbers, w ith  th e  d i e l e c t r i c  c o n s ta n t o f the  

l iq u id .  On the  same diagram  i s  shown the  curve of edge c o r r e c t io n  

p lo t t e d  a g a in s t  s te p  nuodaer which was o b ta in ed  by Few ( l o c .  c i t . )  u s in g  

th e  same te c h n iq u e , bu t f o r  a  c e l l  which d id  no t in c lu d e  th e  g o ld - le a f  

g u a rd - r in g , and whi<^ th e re fo re  had a  c o n s id e ra b ly  h ig h e r edge e f f e c t .

C e ll Gdge C o rre c tio n .

D ie le c t r i c  m a te r ia l .  N itro g en . Cyolohexane. Benzene. Carbon
d is u lp h id e .

D .o . o f d i e l e c t r i c .  1 .0  2 .0 1  2 .2 7  2 .6 )

Step number change. 0 .0028 0 .0 0 )0  0 .0 1 0 ) 0 .0120

I n  p r a c t i c e ,  t h i s  c o r r e c t io n  i s  found to  be c a n c e l le d  by a n o th e r  

c o r r e c t io n  ( o f .  Method o f C a lc u la tio n  of D ie le c t r i c  C o n s ta n ts ) ,
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When i n  th e  th e rm o s ta t , th e  d i e l e c t r i c  c e l l  was s ip p o r te d  by a b r a s s  

s ta n d , c o n s tru c te d  so t h a t  the  c e l l  cou ld  be e a s i ly  in s e r te d  and  removed, 

w ith o u t In v o lv in g  any s t r a i n  upon i t ,  which would r e s u l t  i n  changes in  

i t s  e l e c t r i c a l  c a p a c i ty .

A D is tre n e  p la tfo rm  c a r ry in g  two s t a i n l e s s  s te e l  mercury cups was 

b o l te d  on to  th e  s id e  o f th e  th e rm o s ta t .  Two ro d s  of 12 S. W.O. b r a s s ,  

b e n t tw ice a t  r i g h t  a n g le s , a c te d  a s  c o n n e c tio n s  betw een  th e  cups and 

the  c e l l ,  and  12 S.W.G. b ra s s  ro d s  were a ls o  u sed  to  connect th e  cups 

t o  th e  r e lq y .

R e fra c tiv e  I n d ic e s .

The r e f r a c t i v e  in d ic e s  of the  pure  s o lv e n ts  and of th e  s o lu t io n s  

were d e te rm in ed  u s in g  a  H ilger-*W atts Abbe r e f r a c to m e te r .  The o e l l  of 

th e  r e f r a c to m e te r  was m ain ta in ed  a t  2$^ by th e  ra p id  c i r c u la t io n  of 

w ater from  th e  th e rm o s ta t  th ro u g h  th e  h e a t in g  b lo ck  by means of a  sm all 

c e n t r i f u g a l  pua%).

The a b so lu te  e r r o r  i n  th e  r e f r a c t iv e  in d ic e s  f o r  the pu re  s o lv e n ts  

arx|ihe c o lo u r le s s  s o lu tio n s  was abou t ^0«0001, b u t was c o n s id e ra b ly  

l a r g e r  f o r  th e  s o lu t io n s  which were more in te n s e ly  c o lo u re d . Foi/the 

m odera te ly  c o lo u re d  s o lu t io n s ,  the  use o f th e  Abbe type o f 

r e f ra c to m e te r  was p a r t i c u l a r l y  advan tageous, a s  i t  i s  n e c e ssa ry  f o r  

l i g h t  t o  p a s s  th ro u g h  a  very  t h i n  f i lm  of l iq u i d  only) e n a b lin g  a  

rea so n ab ly  e x a c t  measurement to  be made. I n  the  c a se s  o f some o f  th e  

v e ry  d a rk  g reen  n ic k e l  com plexes the  co lo u r o f th e  s o lu t io n s  was to o  

in te n s e  f o r  any r e f r a c t iv e  index  m easurem ents to  be made, s in c e ,  even 

i f  s o lu t io n s  were p rep a red  s u f f i c i e n t l y  d i l u t e  t o  a llow  l i g h t  t o  p a s s  

th rough  them, th e  charge in  r e f r a c t i v e  index  from  t h a t  o f th e
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pu re  so lv e n t was to o  sm all t o  be m easured a t  suoh h ig h  d i lu t i o n .  

D e n s i t ie s .

The d e n s i t i e s  o f the  pure s o lv e n ts  and th e  s o lu t io n s  were 

d e te rm in e d , r e l a t i v e  to  th e  d e n s i ty  o f w a te r a t  4^ = 1 , by means o f 

a  S p rengel type of pyknom eter w ith  a  c a p a c i ty  of abou t 10 o .c .  The 

pyknom eter had two f in e ^ b o re  c a p i l l a r y  s id e -a rm s, f i t t e d  w ith  g round- 

g la s s  caps to  red u ce  lo s s e s  hy  e v a p o ra t io n . I t  was p ro v id ed  w ith  a  

rem ovable s t i r r u p  made of s t a in l e s s  s t e e l  w ire f o r  a ttach m en t t o  th e  

b a la n c e .  When in  th e  th e rm o s ta t i t  r e s t e d  in  a  b r a s s  h o ld e r .

The pyknom eter was c a l ib r a t e d  w ith  b o ile d -o u t d i s t i l l e d  w ater a t  

2$^ , and s e v e ra l  r é p é t i t i o n s  o f th e  c a l ib r a t io n  showed t h a t  th e  a ccu racy  

o f  a  d e n s i ty  measurement depended c h ie f ly  on the  accu racy  of th e  

w e ig h in g s , r a th e r  th a n  on the  ad ju s tm en t o f th e  l i q u i d  i n  th e  

pyknom eter to  c o n s ta n t  volume. The a b s o lu te  e r r o r  in  the  d e n s i t i e s  

i n  moat o ases  was abou t ^ .0 0 0 0 2 .  For some o f th e  most in te n s e ly  

c o lo u re d  s o lu t io n s  th e  e r r o r  was p ro b ab ly  s l i ^ t l y  g r e a te r  s in c e  in  

some c a se s  i t  became d i f f i c u l t  o r  im p o ssib le  t o  see  c le a r ly  th e  

e s ^ c t  p o s i t io n  o f th e  m eniscus i n  th e  c a p i l l a r y  tu b e , which had th e n  

to  be e s t im a te d .

W eigh ings.

A ll  th e  w eigh ings were c a r r ie d  ou t on a  S ta n to n  Model C .B .J 

b a la n c e , having a  s e n s i t i v i t y  o f 2 . )  d iv is io n s  p e r  m illig ra m  t h r o u ^ o u t  

th e  range  used , th u s  e n a b lin g  th e  w e ld in g s  to  be made w ith  an 

accu racy  o f  jjD .l mg.

B .T .L . a n a ly t i c a l  g o ld -p la te d  w e ig h ts  were u se d , a f t e r
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c a l i b r a t i o n  a g a in s t  an N .P .L . c e r t i f i c a t e d  5 mg. r i d e r .  A ll g la s s  

a p p a ra tu s  to  be w eighed was hand led  w ith  s i l k  th ro u g h o u t, and was l e f t  

i n  th e  b a lan ce  case  f o r  te n  m inu tes b e fo re  b e in g  w eighed.

T em perature C o n tro l.

The tem pera tu re  o f th e  la b o ra to ry  i n  which th e  he te ro d y n e  b e a t  

a p p a ra tu s  was s i t u a t e d  d id  not vary g r e a t ly  d u r in g  th e  day , b u t  i n  o rd e r  

to  p re v e n t la rg e  freq u en cy  d r i f t s ,  th e  a p p a ra tu s  co u ld  be screened  when

n e c e ssa ry  from d i r e c t  s u n l ig h t .  .

The tlie rm o s ta t  was f i l l e d  w ith  w ater to  a  c o n s ta n t  l e v e l ,  th e  w a ter 

b e in g  e a rü ie d , and a g i ta te d  by an  e l e c t r i c a l l y  d r iv e n  s t i r r e r .  The 

carbon  f i la m e n t  h e a tin g  lamp was o p e ra ted  by a  to luene-aw rou ry  s p i r a l  

th rough  a  Sunvio B.A.2 type e le c t r o n ic  r e la y ,  a d ju s te d  to  m a in ta in  

the  th e rm o sta t a t  a  tem p era to re  of 25^# which d id  n o t vary  by more 

thfiffi 0.002®. No v a r i a t i o n  in  tem p era tu re  cou ld  be d e te c te d  betw een  

d i f f e r e n t  p a r t s  o f  the  th e rm o s ta t .  A Beckmann therm om eter, which had 

p re v io u s ly  b een  c a l ib r a te d  a g a in s t  an  N .P .L . c e r t i f i c a t e d  therm om eter, 

was employed.

S e c tio n  2 . Method o f  C a lc u la t io n  o f  th e  D ie le c t r i c  C o n stan ts .

In  t h i s  work no a ttem p t h a s  been made t o  d e te rm in e  d i e l e c t r i c  

c o n s ta n ts  a b s o lu te ly ,  b u t c o n s id e ra t io n  has been g iv en  to  th e  a c c u ra te  

d e te rm in a tio n  o f r e l a t i v e  d i e l e c t r i c  c o n s ta n ts  o f  s o lu t io n s  d i f f e r i n g  

on ly  s l i g h t ly  from th a t  o f th e  pu re  s o lv e n t.

Two re fe re n c e  su b s ta n c es  were u sed  i n  th e  d e te rm in a tio n ; pu re  

d ry  be use ne, th e  d i e l e c t r i c  c o n s ta n t  of which was ta k e n  a s  2 .2 ?2 $  a t  

25® ,  the  v a lu e  o b ta in ed  hy  H a rtsh o rn  and O liv e r  ( 0 ) ,  and d ry  n i tro g e n .
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which h a s  a  d i e l e c t r i c  c o n s ta n t o f 1 .000^ a t  2^®, th e  value g iven

i n  th e  " I n te r n a t io n a l  C r i t i c a l  T a b le s " .

A ll condenser re a d in g s  were co n v e rted  in to  s te p  numbers, and th e  

d i e l e c t r i c  c o n s ta n ts  were c a lc u la te d  a s  fo llo w s:

I f  tlie  c a p a c ity  o f the c e i l  i n  vacuo i s  C^, 

th e n  the  c a p a c ity  o f th e  c e l l  f i l l e d  w ith  n i tro g e n  *

'o ^ B

• " « a t a  ■ s o lu t io n  =

where and €_ a re  tlie  r e  ̂ a c t i v e  d i e l e c t r i c  c o n s ta n ts .

Then i f  and a re  th e  s te p  numbers c o rre sp o n d in g  to  the

p r e c i s io n  condenser re a d in g s  when th e  o e l l  i s  f i l l e d  w ith  n itro g e n , 

benzene and s o lu t io n  r e s p e c t iv e ly ,  and  i f  i s  the c a p a c ity  w hich 

rem ains c o n s ta n t d u rin g  th e  course  o f th e  ru n , due to  th e  le a d s  betw een 

th e  c e l l  and th e  r e la y ,  e t c . ,  and where k i s  a  c o n s ta n t:

C + C, ■ k R „ .................................................................. 1 .
0 1» n

B ®L “ * ^ 8 ...........................................................

® o^S  = k R g ..................................................................5*

S u b tra c tin g  e q u a t io n  1 from  e q u a tio n  2,

C^( f  B -  f  J}̂  “ " V  * * * •

S u b tra c tin g  e q u a t io n  1 from e q u a tio n  ) ,

CqC £  g -  S’j j )  = k (R g  -  '  •  •  •

Then, d iT id in g  e q u a tio n  5 by e q u a tio n  4,

.

t h a t  i s .

’S
s

^B + -  V  . . . 6 .
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Thus, w ith  a  knowledge of the v a lu e s  of and and o f th e  

, s te p  numbers Rg and R y  th e  d l e l e c t r i o  c o n s ta n ts  can be c a lc u la te d  

from  e q u a tio n  6 .

I f  th e  term  R« - B = K,

th e n  idien K » 0 , 0 .1  and 0 .2 ,  th e  v a lu e s  o f 6̂  ̂ a re  r e q p e c t iv e ly

2.2725 2.3997^ 2.5269^.

However, i f  th e  d i e l e c t r i c  c o n s ta n t  of n i tro g e n  i s  assum ed to  be u n i ty ,  

th e  c o rre sp o n d in g  v a lu e s  o f 6 , c a lc u la te d  from  e q u a t io n  6 , a re

2.2725 2 . 5997^ 2.5270q.

The e r r o r s  in tro d u c e d  by making t h i s  a ssum p tion  a re  th en

z e r o  + O.OOOOf- + 0 .0 0 0 1 ^ .5  0

T his sm a ll  p o s i t iv e  e r r o r  i s  of th e  sam9 o rd e r  a s  th e  n e g a tiv e  

e r r o r  in tro d u c e d  by th e  edt© e f f e c t .

H l j^ u a t io n  of th e  Kdge C o r re c tio n .

T ab u la ted  below a re  some ty p ic a l  co n d en se r s te p  nuoiDers, bo th  

u n c o rre o te d , and w ith  a  c o r r e c t io n  a p p lie d  f o r  th e  edge e f f e c t ,  the  

m agnitude o f  which was re a d  o f f  from  th e  g raph :

Ejj.

*B '

*S1 '

*S2"

From e q u a tio n  6 , the  u n o o rre c te d  d i e l e c t r i c  c o n s ta n ts  a re :

2 .5991  ; £ 3 2  = 2 . 5262.

U noorrec ted . C o rrec ted

5.2974 5 .2946

51.9094 51.8985

54.5589 54.5478

57.2195 57.2077
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th e  d i e l e c t r i c  c o n s ta n ts ,  c o r r e c te d  f o r  the edge e f f e c t ,  a r e ;

= 2 . 3 9 9 2 5  € 3 2  = 2 .5 2 6 4 .
The c o r r e c t io n  i s  zero  fo r  the  c a l i b r a t i n g  l iq u i d ,  benzene.

The t o t a l  e r r o r s  a re  th en  a s  fo llo w s :

D ie le c t r i c  c o n s ta n t .  N itro g en  e r r o r .  fidge e r r o r .  T o ta l e r r o r  

2 .4 0  + O.mOOc -0 .0 0 0 1  -0 .0 0 0 0 c

2 .5 3  + O.OOOIq -0 .0 0 0 2  -0 .0001

T h e re fo re , i f  th e  d i e l e c t r i c  c o n s ta n t  of n itro g e n  is  assumed to  

be u n i ty ,  and a t  the  same tim e the  edge e f f e c t  i s  ig n o red , th e  t o t a l  

e r r o r  in tro d u c e d  i s  l e s s  th an  th e  ex p erim en ta l e r r o r  of +^0.0001 f o r  

l iq u id s  w ith  d i e l e c t r i c  c o n s ta n ts  w ith in  th e  range m easured, s in c e  t h i s  

l i e s  betw een 2 .2  and 2 .4 ,  and i t  may a c c o rd in g ly  be n e g le c te d .

S e c tio n  3# C a lc u la t io n  o f th e  U o lacu lar P o la r i  .sat io n s .

The m o lecu la r p o l a r i s a t i o n  o f  a  p o la r  compound c o n s i s t s  of two 

te rm s, nam ely, the  o r i e n t a t i o n  p o la r i s a t i o n ,  P , dw  to  th e  p re se n c e  

o f the  perm anent d ip o le  in  th e  m o lecu le , and th e  d i s t o r t i o n  p o la r i s a t i o n ,  

Pjj, which i s  i t s e l f  coaposed of two term s? th e  atom ic p o l a r i s a t i o n ,  

r e s u l t i n g  from  the  d isp lacem en t o f the atom ic n u c le i in  th e  a p p lie d  

e l e c t r i c  f i e l d ,  and th e  e le c t r o n i c  p o l a r i s a t i o n ,  P^, due to  th e  

d isp lacem en t o f the  e le c t r o n s .

Debye ( 9 ) f i r s t  showed t h a t  the  C lau s iu s -M o so tti e q u a tio n

re q u ire d  a f u r t h e r  p o l a r i s a t i o n  term , to  a llo w  f o r  th e  p resen ce  o f

a perm anent d ip o le ,  and deduced , f o r  a  low -frequency  f i e l d ,  th e  e q u a tio n
2

P * P . + + Pm * 4Trl,V 4. 4TTN M . 1 .
A % r  y  “ 9 k f ~
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For th e  d e r iv a t io n  o f t h i s  e q u a tio n , however, i t  was n e ce ssa ry  t o  

assume t h a t  th e  m o lecu les  a re  s u f f i c i e n t l y  f a r  a p a r t  to  p re v e n t any 

i n t e r a c t io n  between them . T h is assum ption  r e s t r i c t s  th e  s t r i c t  

a p p l i c a t io n  of the  e q u a t io n  to  g a ses  a t  low p re s s u re s ;  b u t i t  was 

p o in te d  out by Debye (1 )  t h a t ,  s in c e  th e  k in e t i c  b eh av io u r o f a  s o lu te  

i n  d i l u t e  s o lu t io n  i s  an a lo g o u s t o  t h a t  o f  a  g as , th e  e q u a t io n  d e riv e d  

f o r  the  m o lecu la r p o l a r i s a t i o n  of an id e a l  g a s  shou ld  be e q u a l ly  

a p p lic a b le  t o  th e  c a se  o f  a  s o lu te  i n  low c o n c e n tra tio n  i n  a  n o n -p o la r 

s o lv e n t,  alw ays w ith  th e  p ro v is io n  t h a t  th e r e  i s  no i n t e r a c t io n  betw een 

the  m o lecu les  of th e  s o lu te  andthose of th e  s o lv e n t.  The p o l a r i s a t i o n  

o f  a  g iven  s o lu t io n  # w i l l  th en  be equal to  th e  sum o f  th e  p o l a r i s a t i o n  

c o n tr ib u t io n s  o f th e  s o lu te  and so lv e n t, i . e . .

*‘12 ”  *’1^1 *  ^ 2^2 “  (^ 1 2  " ^ 2.
( £ 1 2 * 2 ) «12

where f  d e n o te s  th e  m olar f r a c t io n  o f the component concerned , and 

th e  s u b s c r ip t s  1 , 2 and 12 r e f e r  t o  th e  s o lv e n t,  s o lu te  and s o lu t io n  

r e s p e c t iv e ly .  From t h i s  e q u a tio n , Pg , the  m o lecu la r p o l a r i s a t i o n  o f 

th e  s o lu te ,  can be c a lc u la te d ,  assum ing t h a t  rem ains c o n s ta n t  over 

the  c o n c e n tra t io n  range  s tu d ie d .

The v a lu e  o f Pg, when c a lc u la te d  i n  t h i s  way, v a r i e s  i n  many 

c a se s  w ith  th e  c o n c e n tra t io n  o f th e  s o lu t io n ,  in  a  manner which canno t 

a t  p r e s e n t  be p re d ic te d  on any th e o r e t i c a l  b a s i s .  Two m ethods a re  

a v a i la b le  f o r  the d e te rm in a tio n  of th e  m o lecu la r p o l a r i s a t i o n  a t  

i n f i n i t e  d i l u t i o n .

The f i r s t  method In v o lv e s  th e  c a l c u l a t i o n  of P g f o r  each
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s o lu t io n ,  fo llo w e d  by th e  p l o t t i n g  of th e  grayph o f  Pg a g a in s t  th e  

w e ig h t- f r a o t io n  o f th e  s o lu te ,  and e x tr a p o la t io n  to  zero  oonoen- 

t r a t i o n .  I t  h a s  been  shown by Sugden (10) t h a t  th e  oal ou i a t  io n  o f 

Pg from e q u a tio n  2 i s  c o n s id e ra b ly  s im p lif ie d  by th e  use of 

s p e c i f i c  p o la r i s a t io n s #  % e m o lecu la r p o l a r i s a t i o n  i s  equal to  th e  

p ro d u c t o f the s p e c i f i c  p o l a r i s a t i o n ,  pg , and  the  m o lecu la r w e ig h t.

Mg, o f th e  s o l u t e ,  and th e r e f o re  i t  fo llow s t h a t ,  sinoe

**12 “  **1^1 * ^ 2^2*

P l2  = P i» i  + P g W g '..............................................

where ŵ  ̂ and Wg are  th e  w e iÿ it f r a c t i o n s  of th e  so lv en t and the 

s o lu te  r e s p e c t iv e ly .

Mow w  ̂ » 1 -  Wg, so t h a t ,  from  e q u a t io n  } ,

P l2 "  P l ( l  -  + P2*2'

i t  fo llo w s  t h a t  Pg = P i  + P^2 “ P i
4 .

Wg

and thence  t h a t  Pg = M^Pg + (p^ + p^g -  p ^ )

*2

T h a re fo ra , s lnoa  -  1 . . 6 .

^ 1 2  ^

where v^g i s  th e  s p e c i f ic  volume of th e  s o lu t io n ,  th e  value  of Pg can 

be c a lc u la te d .

The v a lu e s  o f  the  m o le cu la r p o l a r i s a t i o n  c a lc u la te d  in  t h i s  way 

a re  alw ays s u b je c t  t o  a  c o n s id e ra b le  u n c e r ta in ty ,  e s p e c ia l ly  f o r  

s o lu t io n s  of low c o n c e n tra t io n , s ince  th e  e x p re s s io n  in v o lv e s  th e  term  

(p^g -  p ^ ) ,  t h a t  i s ,  a  d i f f e r e n c e  betw een two term s which may be very
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n e a r ly  equa l: th e  p e rcen tag e  e r r o r  in  Pg thus in c re a s e s  a s  Wg d e c re a s e s . 

In  th e  p re s e n t  work, most of the  m easurem ents had to  be made on v e ry  

d i lu t e  s o lu t io n s , on accoun t of th e  l im ite d  s o lu b i l i t y  of the  compounds. 

In  c e r t a in  c a se s , th e r e f o re ,  the v a lu e s  of Pg were su b je c t  to  a r a t h e r  

la rg e  e r r o r ,  which was in c re a se d  by th e  f a c t  th a t  the  apparen t d ip o le  

moments of the confounds were q u i te  sm all so  t h a t  th e  changes in  

d i e l e c t r i c  c o n s ta n t were a lso  sm a ll. Reasonably a c c u ra te  e x tr a p o la t io n  

to  i n f i n i t e  d i lu t i o n  was th e re fo re  d i f f i c u l t .  In  a l l  th e  c a se s  

c o n sid e re d  in  t h i s  work, Pg was found to  vary  in  a random manner about 

a  mean f ig u re  which approxim ated to  th e  va lue  o b ta in ed  by using  th e  

second method o f c a lc u la t io n .

The second method used was t h a t  due to  Smith and C leverdon (1 1 ) .

T his method makes two assuny tions?  f i r s t l y ,  th a t  the d le l e c t r io  c o n s ta n ts
4

of the s o lu tio n s  v a ry  w ith  the w e ig h t- f ra c tio n s  of th e  so lu te  acco rd in g  

to  th e  r e l a t io n :
/ 2

€^g ® ^^2 + ^^2 • • • • • 7.

where o< and are  c o n s ta n ts  ; and secondly , t h a t  th e re  i s  a l i n e a r  

r e la t io n s h ip  betw een th e  s p e c i f ic  volumes of the  s o lu t io n s  and the  w eigh t 

f r a c t i o n s  of the  s o lu te ,  which may be w r i t te n

v^g 5 V  ̂ Wg . . . . .  6 .

where /? i s  a c o n s ta n t .

The c o n s ta n t x  may be determ ined by p lo t t in g  th e  graph ^ X2 “ ^ x ^ i  

a g a in s t  Wg, and e x tr a p o la t in g  l in e a r ly  to  Wg = 0 , th e  in te r c e p t  on 

th e  Wg a x is  g iv in g  In  f a c t ,  in  a l l  th e  oases s tu d ie d  in  t h i s  work,

i t  was found th a t  th e re  was no v a r i a t i o n  i n  ( 6^g  -  ^ x ^^̂ 2̂ ^2

g r e a te r  than  th a t  due to  experim ental e r r o r .  I t  was th en  p o ss ib le  to



51

determ ine cK by fln d ii%  th e  slope of th e  graph o f p lo t t e d  a g a in s t

Wg; a l t e r n a t iv e ly ,  th e  v a lu e  was taken  a s  2  (<^x2 * 1^ The l a t t e r

method h as th e  m e rit  t h a t  l e s s  w eight Ẑ-Wg

i s  p laced  on th e  measurements on the very  d i lu t e  s o lu tio n s , where th e  

percen tage  experim en ta l e r ro r  i s  l ik e ly  to  be l a r g e .

The v a lue  o f ^  was de te rm ined  in  a  s im i la r  way, u s in g  the 

r e la t io n s h ip  j i  =* 21 (v^g -  v ^ ) .  The value o f c a lc u la te d  a t  each

21 Wg

c o n c e n tra tio n  was found to  be approx im ate ly  c o n s ta n t .

From th e  v a lu e s  of th e  p a ra m e te rs  (x and determ ined  in  t h i s  

way, th e  m olecu lar p o la r i s a t io n  a t  i n f i n i t e  d i lu t i o n  was c a lc u la te d  

u s in g  th e  e q u a tio n  d e riv e d  by H a lv e rs ta d t and Kumler ( 12):

^200 “ V a  “ “ 2 + /4 ) ( C l  -  1 )

L ( f i  + 2 ) C6 1  + 2 )

which i s  d e riv e d  by d i f f e r e n t i a t i o n  o f a q u a tio n  6 , fo llow ed  by 

com bination  w ith  e q u a tio n s  4 , 7 and 8 .

The advantage o f t h i s  method over th e  former i s  t h a t  in d iv id u a l  

e r r o r s  in  th e  e x p e rim e n ta lly  determ ined  v a lu e s  of €^g and v^g are 

e v id e n t b e fo re  com bination  in to  p o l a r i s a t i o n  terras, where they  may 

become masked.

In  p r a c t ic e ,  i t  was found th a t  th e  v a lu e s  o f Pg ob ta in ed  by th e  

f i r s t  method d id  n o t  d i f f e r  g re a t ly  from th e  value o f  P g ^  c a lc u la te d  

by th e  Smith and C leverdon method, a lthough  the f i r s t  method invo lved  

r a th e r  more u n c e r ta in ty  than  th e  second. Pg was th e re fo re  always6 00

c a lc u la te d  from th e  experim en ta l r e s u l t s  in  both  ways, th e  value 

o b ta in ed  u sing  the  f i r s t  method a c t in g  a s  a  check on t h e j ^ s u l t  

c a lc u la te d  by the  second.
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S e c tio n  4 . C a lc u la t io n  of th e  E le c tro n ic  P o la r i s a t io n s .

For a  conpound w hidi does no t c o n ta in  a  perm anent d ip o le  in  th e  

m olecu le , th e  m olecu lar p o l a r i s a t i o n  i s  equal to  th e  d i s t o r t i o n  p o la r i s a t io n  

th a t  i s ,  th e  p o la r i s a t io n  r e s u l t i n g  from  th e  d isp lacem en t of th e  atom ic 

n u c le i and th e  e le c t ro n s  i n  th e  a p p lie d  e l e c t r i c  f i e l d .  Maxwell (1 ) )  

showed t h a t ,  f o r  a  n o n -p o la r su b s tan ce , th e  d i e l e c t r i c  c o n s ta n t was

equal to  th e  square of th e  r e f r a c t iv e  index  of th e  su b s ta n c e , measured
2

fo r  l i g h t  o f i n f in i t e l y  long  w av e-len g th . I f  t h i s  v a lu e , n ^  , i s  

s u b s t i tu te d  in  th e  L o ren tz-L o rens e q u a tio n  f o r  m olecu lar r e f r a c t io n ,  a  

value f o r  the m o lecu lar r e f r a c t io n  i s  o b ta in e d  which i s  id e n t i c a l  w ith  

the  m o lecu la r p o la r i s a t io n  of th e  substance  c a lc u la te d  by th e  C lau s iu s- 

M osotti e q u a tio n . Thus

O b serv a tio n s  o f r e f r a c t i v e  in d ic e s  i n  th e  in f r a - r e d  re g io n  of th e  

spectrum  w i l l  th e re fo re  in d ic a te  th e  t o t a l  d i s to r t i o n  p o la r i s a t io n  of 

th e  su b s ta n c e . Such o b se rv a tio n s  are  e x p e rim e n ta lly  d i f f i c u l t ;  and 

the m easurem ent o f r e f r a c t iv e  in d ic e s  f o r  l i g h t  in  th e  v i s ib le  ^ e c tru m  

g iv es  a  d i f f e r e n t  f ig u re  fo r  the  m olecu lar r e f r a c t io n ,  s in c e , a t  the 

low er f re q u e n c ie s  in  the in f r a - r e d  re g io n , b o th  atom ic n u c le i  and 

e le c t ro n s  w i l l  be d is p la c e d , b u t , a t  th e  frequency  of v i s i b l e  l i g h t ,  

a l t e r n a t io n s  are so ra p id  t h a t  only d isp lac em e n ts  of th e  e le c tro n s  o ccu r.

I t  i s  u su a l to  measure r e f r a c t iv e  in d ic e s  a t  th e  frequency  o f the  

sodium D l i n e ,  and from t h i s  to  c a lc u la te  th e  m olecu lar re  f  r a c t i  on 

which may be used  a s  an approxim ation  f o r  th e  e le c t ro n ic  p o la r i s a t io n ,  

from which i t  norm ally d i f f e r s  by only a sm all amount, p ro v id ed  th a t  

the m easurem ents a re  no t made in  th e  re g io n  of an a b so rp tio n  band. Sinoe 

the  m o lecu les  of th e  c o o rd in a tio n  compounds d e a l t  w ith  in  t h i s  work
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are  sym m etrica l, and p o sse ss  no perm ai^nt d ip o le  moment, the  d if fe re n c e  

between the  m olecu lar p o l a r i s a t i o n  c a lc u la te d  from th e  d i e l e c t r i c  

c o n s ta n ts  and th e  e le c t r o n ic  p o la r i s a t io n  e i t h e r  determ ined i n  t h i s  

way, or c a lc u la te d  from bond r e f r a c t io n s ,  w i l l  be equal to  the atom ic 

p o la r is a t io n *

The m o lecu la r r e f r a c t io n s  were c a lc u la te d  by a  method analogous 

to  th a t  used  f o r  th e  m olecu lar p o la r is a tio n s *  From the e q u a tio n

[ \ ]  “ V z  = “z + '"iz -  ^1 j  .

2
where r ,  a n, -  1 _

"12 + 2

v a lu e s  of were c a lc u la te d  f o r  each  so lu tio n *  These were found to  

vary  very  l i t t l e  o u ts id e  the  l im i t s  of experim en tal e r r o r ,  and the 

mean o f  th ese  v a lu e s  was tak en  a s  an approxim ate ||^ ]»  which was used 

a s  a  check on the  f ig u re  ob tained  from an e q u a tio n  of th e  same form 

a s  t h a t  d e riv e d  by H a lv e rs ta d t and Kumler f o r  the m olecu lar p o la r i s a t io n s ;

+ 2 ) + 2 ).
10.

The p aram eter Y in  t h i s  eq u a tio n  i s  g iv en  by th e  s lope  of the

2 2 2 graph o f n a g a in s t  Wg, or th e  mean of the v a lu e s  o f (n^g -  n̂  ̂ )/wg
2 2fo r  each s o lu t io n .  The w eighted  mean, ZL (n^g -  n^ )/ZLwg, was not 

enployed excep t in  the  o a se s  where the so lu te  was c o lo u r le s s  o r 

n ea rly  s o . When the  s o lu t io n s  were very d eep ly  co lo u red , th e  

r e f r a c t iv e  in d ic e s  o f the more c o n cen tra ted  s o lu t io n s  were s u b je c t  to
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n e a r ly  a s  la rg e  a  p e rcen tag e  e r r o r  a s  th o se  a t  low er c o n c e n tra tio n s , 

s inoe  th e  e r r o r  in tro d u c e d  in  s e t t i n g  th e  re fra o to m e n te r  was 

c o n s id e ra b ly  in c re a s e d .

S e c tio n  5 . O b serv a tio n a l E r ro r s .

The accuracy  w ith  which Pg can be measured depends not only  upon 

the  accuracy  o f the  measurements of th e  d i e l e c t r i c  c o n s ta n ts  and the  

^ e c i f i c  volumes, b u t  a ls o  qpon th e  c o n c e n tra tio n  of th e  s o lu t io n . As 

the  c o n c e n tra tio n  d im in ish e s , the  q u a n ti ty  (p^g -  p^ ) i s  d ec reased , 

and th e  e r r o r s  vhich a r i s e  in  pg, and hence in  Pg, may become 

c o n s id e ra b le . The e r r o r  in  Pg due to  th ese  v a r ia b le s  can be 

c a lc u la te d  a s  fo llo w s ;

From the  equation :

Pg “ P i  + P l2 -  P i ,

*2

p^ b e in g  c o n s ta n t,  A p g  « A p^g

Wg

From the  r e l a t i o n a l  ip

■ h z  ■ ^1 2  -  ’ l 2 •

p a r t i a l  d i f f e r e n t i a t i o n  w ith  re s p e c t  to  C^g g iv es

2  12.
12

and p a r t i a l  d i f f e r e n t i a t i o n  w ith  re s p e o t  to  v^g g iv e s

^ P l 2 = f l 2 -  1

^12 +
“g . . . . .  13
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Then, from e q u a tio n s  11 , 12 and 15,

= 1 
*2

5 ^ i / ^ 1 2  ^12 -  1 A v""" ' - ' ' ■ p + . . 12
(E  12 + 2 ) C i2+ ^

I f  the  e r r o r  i n  th e  measurement of th e  d i e l e c t r i c  c o n s ta n ts  i s  

+0.0001, and th e  e r r o r  i n  th e  E peu ifio  volumes i s  +0.00002, th en  ta k in g  

£ ^ 2  a s  2 . 3 , and v^g 1*0, a s  average v a lu e s  o f th ese  q u a n t i t i e s ,  

the  e r r o r s  i n  Pg a re  a s  fo llo w s:

When Wg = 0 . 01, A p g  a + 0.2/5.

When Wg = 0 .001 , A pg » +2^.

The e r r o r  in  th e  value o f  th e  m olecu lar p o la r i s a t io n  a t  i n f i n i t e  

d i lu t i o n  cannot be a sc e r ta in e d  w ith  suoh c e r t a in ty ,  b u t s in c e , in  th e  

c a se s  co n sid ered  in  th e  p re se n t work, pg d id  n o t vary  g re a t ly  w ith  

Wg, th e  e r ro r  in  Pg i s  p robab ly  no t more th an  + 2 , and in  someC fc ÛÛ •*

o a ses  may be much l e s s .

The aocuraoy w ith  vAiich the  measurements of [Rp]can be c a r r ie d  o u t 

depends a lso  on th e  c o n c e n tra tio n  of the  s o lu t io n ,  as w ell a s  on th e  

accuracy  of the measurements o f th e  r e f r a c t iv e  in d ic e s  and the  s p e c i f ic  

volum es. By a p rocedure  aneilogous t o  t h a t  used  to  c a lc u la te  the  e r r o r  

i n  Pg, the  fo llo w in g  e q u a tio n  can be d e riv e d  f o r  the  c a lc u la t io n  of 

th e  e r ro r  in jp ^ ]  2

A r g  = 1 
Wg

^ 2 ^» + a l j i J U A v , ,
(n 2 + 2 f  n^ + 2

I f  A Vĵ g i s  taken as + 0.00002 a s  before, and A n  i s  taken as 

jf0.0001 then for the average values o f n = 1.43 and v^g 3  1 .0 , the

e r r o r  in[R j^]is a s  fo llo w s:
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When Wg = 0 « 0 I ,A r  = 0.6;^.

When Wg » 0.001» A r  « 6^#

For a  ooloured so lu tio n »  the  e r r o r  in  th e  xaeaaurement of the  

r e f r a c t iv e  index i s  g re a te r»  and A r  may be a lm ost tw ice  a s  la rg e .

The Value o f c a lc u la te d  by an e q u a tio n  of the Hal v e r s t  ad t  and 

Kumler ty p e , however, i s  p robab ly  no t in  e r r o r  by more th an  

o r l e s s  f o r  the  c o lo u r le s s  s o lu t io n s , o r ^5$  f o r  the  more in te n s e ly  

co lou red  s o lu t io n s .

The e r r o r s  c o n sid ered  here a re  due to  th e  l im i ta t io n s  o f th e  

m easuring in s tru m en ts  u sed : th ey  do n o t take  in to  accoun t sy s tem a tic  

e r r o r s ,  or e r r w s  in tro d u c e d  ty  the  a b so rp tio n  of m oistu re  o r by th e  

e v a p o ra tio n  o f the so lv e n t d ir in g  m easurem ents on a s e r i e s  of 

s o lu t io n s ;  n o r, in  th e  case  of the m o lecu la r r e f r a c t io n s ,  p o s s ib le  

e r r o r s  due to  anamalous d is p e rs io n  t h r o u ^  the m easurements b e in g  

made a t  f re q u e n c ie s  n ear th e  a b so rp tio n  b an d s. The use of the 

procedure  d esc rib ed  in  th e  fo llow ing  s e c t io n  te n d s  to  m inim ise e r r o r s  

of th e  f i r s t  t)q)e; e r r o r s  in tro d u ced  by anomalous d is p e r s io n  are  

d isc u sse d  f u l l y  in  C hapter I I I .

S e c tio n  6 . Experim ental P rocedu re .

For reaso n ab ly  a c c u ra te  measurements o f the  m o lecu lar p o la r i s a t io n ,  

i t  i s  d e s i r a b le  to  use abou t s ix  s o lu tio n s  of graded c o n c e n tra tio n s , 

u s u a l ly  up to  about The use of a  more r e s t r i c t e d  range of

c o n c e n tra t io n s  co n s id e ra b ly  in c re a s e s  th e  e r r o r  in  th e  m easured 

m olecu lar p o la r i s a t io n ,  b u t owing to  th e  very  l im ite d  s o l u b i l i t y  of 

many c o o rd in a tio n  compounds, th e  use o f very  d i lu te  s o lu t io n s  was 

unavo idab le  excep t in  a  few o a se s .
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P re p a ra t io n  of th e  S o lu tio n s ,

The s o lu tio n s  were p rep ared  in  200 o.o# f l a s k s  f i t t e d  w ith  ground- 

g la s s  s to p p e rs , and g radua ted  in  10 o .o ,  incrém en ts, so  t h a t  an 

approx im ate ly  known volume o f so lv e n t oould be r a p id ly  in tro d u c e d .

B efore e a d i s e r i e s  of measurements they  were c leaned  w ith  a lc o h o l-  

n i t r i c  a c id  c lean in g  m ix tu re , th o ro u g h ly  washed w ith  d i s t i l l e d  w a te r , 

and d r ie d  overn igh t i n  an  e l e c t r i c  oven a t  120^. Diy n itro g e n  from a  

c y l in d e r  was th en  p assed  in to  them, th e  o u ts id e s  o f th e  f l a s k s  were 

c lean ed  w ith  s i l k ,  and  th ey  were p la c e d  in  the  b a la n c e -c a se  f o r  te n  

m in u te s . They were weighed a c c u ra te ly  to  0.0001 g . The so lu te , w hich 

u n t i l  now was kep t i n  a  vacuum d e s ic c a to r ,  was in tro d u c ed  in  a  f in e ly  

powdered form, and th e  f l a s k s  were re w e i^ e d #  The so lv e n t was 

in tro d u c e d  by th e  use  of th e  tra n s fe re n c e  a p p a ra tu s , u s in g  the  sc re w -c lip  

to  c o n tro l  the  e x a c t amount of so lv e n t added: a t  the  same tim e, a  

sample of the  pure so lv en t was t r a n s f e r r e d  to  a n o th e r  f l a s k  which had 

been  p re p a re d  in  th e  same wey a s  th e  s o lu t io n  f l a s k s ;  th u s ,  any s l i ^ t  

co n tam in a tio n  of th e  s o lu t io n s  by a tm o ^ h e r io  m o istu re  d u rin g  the 

p e r io d  between p re p a ra t io n  and use a ls o  a f fe c te d  th e  pure  so lv e n t. The 

s o lu t io n  f la s k s  were then  weighed a c c u ra te ly  to  0.0001 g .  Throughout 

th e  tim e between th e  removal of th e  f l a s k s  from th e  oven and th e  use 

o f the  s o lu tio n s , th e  f la s k s  wore kept in  a la rg e  d e s ic c a to r .

D e te rm in a tio n  of the  D ie le c t r ic  C o n sta n ts .

Owing to  the h ig h  d i e l e c t r i c  co n stan t o f w a ter, th e  d i e l e c t r i c  

c o n s ta n ts  o f the  so lv e n ts  and the  s o lu t io n s  were a f f e c te d  to  an 

a p p re c ia b le  degree even by minute t r a c e s  of m o is tu re . A ll p o ss ib le
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p re c a u tio n s  were taken  to  exclude atm ospheric w ater vapour, b u t  even so , 

a  c o n s id e ra b le  v a r i a t i o n  was found in  the  d i e l e c t r i c  c o n s ta n ts  of th e  

v a rio u s  sam ples o f d ioxan , p o s s ib ly  due in  p a r t  to  th e  hygroscop ic  

c h a ra c te r  o f t h i s  so lv e n t. Benzene was l e s s  a f f e c te d  in  t h i s  way, a lth o u g h  

some s l i g h t  co n tam in a tio n  p ro b ab ly  o ccu rred . In  o rd e r to  m inim ise 

e r r o r s  due to  th e  a b so rp tio n  o f w a ter, the  d i e l e c t r i c  c o n s ta n ts  were 

m easured as q u ic k ly  a s  p o s s ib le ,  befo re  th e  d e te rm in a tio n  o f the  

r e f r a c t iv e  in d ic e s  and the  s p e c i f i c  volum es, which were l e s s  a f f e c te d .

The he terodyne b e a t a p p a ra tu s  was sw itched  on and a llow ed  to  warm 

f o r  a t l e a s t  h a lf  an hour b e fo re  any m easurements were made. The 

d i e l e c t r i c  c e l l  was r in s e d  out th re e  tim es w ith  the  pure so l e n t ,  and 

th an  f i l l e d  w ith  th e  so lv e n t, u s in g  th e  t r a n s fe re n c e  a p p a ra tu s , which 

m inim ised exposure o f th e  l iq u id  to  a i r  and m o is tu re , s in ce  th e  

d e liv e ry - tu b e  of the  t r a n s fe re n c e  a p p a ra tu s  f i t t e d  j u s t  in s id e  the 

sid e -arm  of th e  d i e l e c t r i c  c e l l .  The g ro u n d -g la ss  caps o f th e  c e l l  were 

re p la c e d , and i t  was pu t in to  p o s i t io n  in  the  b ra s s  stand  in  th e  

th e rm o sta t b a th .  I t  was l e f t  f o r  twenty m inu tes to  re a c h  th e  

tem pera tu re  o f th e  th e rm o s ta t . The tu n in g  condensers were then  a d ju s te d  

so t h a t ,  w ith  th e  c e l l  i n  th e  c i r c u i t ,  th e  frequency o f th e  v a r ia b le  

o s c i l l a t o r  was equal to  t h a t  o f the  c ry s ta l - c o n t r o l le d  o s c i l l a t o r ,  

u s in g  th e  earphones fo r  r a p id  approxim ate m atch ing , and f i n a l l y  

v is u a l  o b se rv a tio n  o f th e  b e a t  froquonoy.- the m icro ammeter f o r  an

a c c u ra te  s e t t i n g .  The c ap a c ity  o f the p re c is io n  condenser was th e n  

m atched a s  a c c u ra te ly  a s  p o s s ib le  to  t h a t  o f th e  c e l l .  Care was 

ta k e n  always to  match on th e  h i  ̂ - c a p a c i t y  s id e  o f th e  z e ro -b e a t 

p o s i t io n .  I t  was o c ca s io n a lly  found to  be n ecessa ry  to  sw itch  o f f
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the  th e rm o s ta t motor d u rin g  th e  f i n a l  m atching, a s  th e  r o t a t io n  o f 

the  s t i r r e r  and th e  v a r ia t io n s  in  th e  le v e l  o f th e  w a te r  were found to  

have a s l i g h t  e f f e c t  on th e  s t r a y  c a p a c i t i e s .  I t  was th en  a s c e r ta in e d  

th a t  th e  c e l l  and le a d s  were in  the c o r r e c t  p o s i t io n ,  by s l i g h t ly  

l i f t i n g  th e  c e l l  and th e n  re p la c in g  i t  i n  th e  h o ld e r , and ch eck ir^  t h a t  th e  

s e t t i n g  of the p r e c i s io n  condenser s t i l l  corresponded  to  an e x a c t m atch 

o f the  c a p a c i t i e s .  N orm ally, no d isc rep an cy  in  the s e t t i n g  was a p p a re n t:  

i f  any change of c a p a c i ty  was n o tic e d , a  new read in g  was tak e n , and 

th e  p rocedu re  was re p e a te d  u n t i l  a  c o n s ta n t  rea d in g  was o b ta in ed .

The c e l l  was removed from  th e  th e rm o s ta t , the so lv e n t was 

poured  o u t, and th e  c e l l  was r in s e d  out th re e  tim es w ith  th e  f i r s t  of 

the  s o lu t io n s ,  b e fo re  f i l l i n g  w ith  t h i s  s o lu t io n .  R eadings were ta k e n  

in  t h i s  maimer f o r  each  o f th e  s o lu t io n s .  A fter m easurem ents had been 

made on the most c o n c e n tra te d  of th e  s o lu t io n s , the c e l l  was r in s e d  o u t 

th re e  tim es w ith  th e  pure so lv e n t, and d r ie d  by p a ss in g  d ry  n itro g e n  

from  a  b l i n d e r  th ro u g h  i t  fo r  t h i r t y  m inu tes: th e  g ro u n d -g la ss  caps 

were th en  re p la c e d , th e  c e l l  was a llow ed  to  come to  th e  te c ^ e ra tu re  o f 

the  th e rm o s ta t , and a  read in g  was th e n  ta k e n  f o r  the  c e l l  f i l l e d  w ith  

n i t r o g e n .  F in a lly ,  th e  c e l l  was r e f i l l e d  w ith  th e  pu re  so lv e n t, and a  

r e p e a t  measurement was made. I f  th e re  had been any s h i f t  in  the  

c a p a c ity  of th e  d i e l e c t r i c  c e l l ,  o r o f th e  s t r a y  c a p a c i t i e s  a s s o c ia te d  

w ith  i t ,  o r i f  th e  so lv en t had absorbed  an a p p re c ia b le  amount o f w a te r 

vapour d u rin g  the tim e tak en  to  c a rry  o u t the m easurem ents on the  

s o lu t io n s ,  th e re  was a  d isc repancy  betw een t h i s  r e p e a t  rea d in g  and th e  

i n i t i a l  rea d in g : in  c a lc u la t in g  th e  d i e l e c t r i c  c o n s ta n ts  o f th e  

s o lu t io n s  the  mean of these  two re a d in g s  was u sed .
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D eterm in a tio n  of th e  S p eo ifio  Volumes,

The pylcnometer was d r ie d  by p ass in g  n itro g e n  th ro u g h  i t  f o r  

t h i r t y  m inutes: th e  o u ts id e  was c leaned  w ith  s i l k  and th e  w ire s t i r r u p  

and the  g ro u n d -g lass  caps were f i t t e d  to  i t .  I t  was p lac ed  in  the  

b a lan ce  case fo r  te n  m inutes, and then  weighed a c c u ra te ly  to  0,0001 g.

I t  was r in s e d  th re e  tim es w ith  th e  pure  so lv e n t, and th en  f i l l e d  w ith  

the  so lv e n t, by 5$>plying g e n tly  su c tio n  to  one arm by means of a  w a te r  

pump,. I t  was p lac ed  in  i t s  h o ld e r in  th e  th e rm o sta t f o r  f i f t e e n  

m in u te s , , and th en , w hile s t i l l  in  the  th e rm o sta t, th e  l iq u id  in  i t  was 

a d ju s te d  to  co n s tan t volume by ho ld ing  ajpieoe of f i l t e r  p aper over th e  

end o f  the unmarked a m  u n t i l  th e  m eniscus, moving down th e  o th er arm, 

touched th e  c a l ib r a t io n  mark, ' The pyknometer was c leaned  and d r ie d  w ith  

s i l k ,  the  s t i r r u p  and th e  caps were a tta c h e d , and i t  was p lac ed  in  th e  

b a lance  case fo r  w eigh ing . This p rocedure  was re p e a te d  f o r  each s o lu t io n .

D eterm ina tion  of R e fra c tiv e  In d ic e s .

The punp c i r c u la t in g  w ater from th e  th e rm o sta t a t  25^ through the
/  #

h e a tin g  b lock  of th e  Abbe re  f r a c  tome t e r  was allow ed to  ru n  fo r  ten  

m inu tes to  p reh e a t th e  c e l l ,  A sm all q u a n ti ty  o f the pure  so lv en t was 

poured  in to  the  c e l l ,  and allow ed to  rem ain th e re  f o r  one minute to  

rea ch  th e  to n ç e ra tu re  o f the  c e l l .  The re f ra c to m e te r  was a d ju s te d , and 

th e  re a d in g  no ted . At l e a s t  two re p e a t  read in g s  were made, and the  

mean of th e  th ree  rea d in g s  was tak en  a s  the  r e f r a c t iv e  index of th e  

s o lv e n t.

The re fra c to m e te r  c e l l  was c leaned  w ith  len s  t i s s u e ,  washed w ith  
a c e to n e , and wiped dry  w ith  a c lean  t i s s u e ,  and the  p rocedure  was

re p e a te d  f w  eaoh so lu tio n .
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CHAPTER I I .

EXPERIMENTAL RESULTS.

S e c tio n  1 , P re p a ra t io n  and P u r i f i c a t io n  of M a te r ia ls .

Care was tak e n  in  a l l  c a se s  to  ensure  t h a t  th e  so lv e n ts  and s o lu te s  

u se d  were p e r f e c t ly  f r e e  Arom m o istu re  when the  ueasurem ents were 

made. Benzene was s to re d  over phosphorus pen tox ide  u n t i l  im m ediately  

b e fo re  u se , and d ioxan  was f r a c t io n a te d  d i r e c t l y  from  sodium . A ll 

s o lu te s  were s to re d  in  a  d e s ic c a to r ,  and d r ie d  i n  vacuo f o r  s e v e ra l  

h o u rs  j u s t  b e fo re  u s e .

M ethods of A n a ly s is .

Where the m e lt in g -p o in t of a con^lex was to o  h ig h  to  be used  a s  a  

r e l i a b l e  t e s t  o f p u r i ty ,  th e  m e ta l l ic  con ten t o f th e  compound was 

e s t im a te d . A weighed q u a n ti ty  was d ig e s te d  w ith  a  m ix ture  o f 

c o n c e n tra te d  su lp h u r ic  and n i t r i c  a c id s  in  the  p ro p o r t io n  1, u n t i l  

a l l  th e  organ! 0 m a tte r  was d e s tro y e d  and the s o lu t io n  became c l e a r .

I t  was th en  c a r e f u l ly  d i lu te d .  Copper was e s tim a te d  io d im e tr ic a l ly ,  

and i ro n  by re d u c tio n  to  th e  f e r r o u s  s ta te  w ith stan n o u s c h lo r id e , 

e x c e ss  o f which was removed w ith  m ercu ric  c h lo r id e  s o lu t io n ,  fo llo w ed  

by t i t r a t i o n  w ith  po tassium  perm anganate s o lu t io n .  Calcium was 

e s tim a te d  by p r e c ip i t a t i o n  of the  o x a la te , which was f i l t e r e d  o f f  

and decomposed w ith  d i lu t e  su lp h u ric  a c id , the  o x a lic  a c id  b e ing  

th e n  determ ined w ith  po tassium  perm anganate s o lu t io n .  Aluminium 

was e s tim a te d  g ra v im e tr ic a lly  a s  th e  8 -hydroxyqu ino line  complex, and 

n ic k e l  w ith  dime thy Ig lyoxim e. M icro -an a ly ses  f o r  carb o n , hydrogen 

and n itro g e n  were c a r r ie d  out by D rs . W eiler and S tra u s s ,  o f O xford.
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BSNZSNB.

Benzene o f  th e  commerolal " o r y s ta l l l s a b le  ” grade was p u r i f ie d  by 

the  method of Few and Smith ( 1 ) .  I t  was shaken f o r  t h i r t y  m inu tes 

w ith  c o n c e n tra te d  su lp h u ric  a c id , and th e n  washed tw ice w ith  d i s t i l l e d  

w a te r, tw ice w ith  10^ aqueous po tassium  hyd rox ide , and f i n a l l y  fo u r 

tim es more w ith  d i s t i l l e d  w a te r . A fte r d ry in g  over phosphorus 

pen tox ide  f o r  a t  l e a s t  a  f o r t n i ^ t  i t  was f r a c t io n a l ly  c r y s t a l l i s e d  

fo u r  o r f iv e  tim e s , u n t i l  i t  formed a  g l a s ^  mass on f r e e z in g . I t  

was s to re d  over phosphorus p e n to x id e , and im m ediately  b e fo re  u se  i t  

was d i s t i l l e d  from  th i s  r e a g e n t ,  and the m iddle f r a c t io n ,  o f  c o n s ta n t 

b o i l in g -p o in t  to  w ith in  0 .0 2 * , was c o l le c te d .

B .p . 79*7 ^ 7 6 0  mm.

Few and Smith g ive  b .p .  7 9 * 7 ^7 6 0  mm.

DIOXAN.

The commercial p roduct was p u r i f ie d  by b o i l in g  w ith  sodium fo r  

one o r two d ay s, u n t i l  the  sodium rem ained b r i g h t .  I t  was d i s t i l l e d ,  

and im m ediately  b e fo re  use i t  was d i s t i l l e d  from f re s h  sodium, 

c o l le c t in g  the  m iddle f r a c t io n ,  o f c o n stan t b o i l in g -p o in t  to  w ith in  

0 .02*.
B .p . 101 .1*/760 mm.

Few and Smith ( lo o .  c i t . )  give b .p ,  100.9*/760 mm.

CYCLOHSXANS.

Qyclo hexane was p u r i f ie d  by shaking  f o r  two hours w ith 

c o n c e n tra te d  s u l /p h u r ic  a c id , and th e n  w a g in g  tw ice  w ith  d i s t i l l e d  

w a te r , twice w ith  10^ potassium  hydroxide s o lu t io n ,  tw ice more w ith
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w a te r, once w ith  d i lu te  p o tassiu m  perm anganate s o lu t io n ,  and f i n a l l y  

fo u r tim es w ith  w a te r . I t  was d r ie d  f i r s t  w ith  calcium  c h lo r id e  and 

th en  w ith  phosphorus p e n to x id e , and f r a c t io n a te d  from phosphorus 

p e n to x id e . The middle f r a c t i o n  was c o l le c te d .

B.p. 80.7*/?65 mm.

B rouÿ iton  (2 )  g iv e s  b .p .  80*9*.

CARBON DISULPHIIÆ.

A sample o f  carbon  d isu lp h id e  was k in d ly  p ro v id ed  by D r.J .W . Sm ith, 

which had p re v io u s ly  been p u r i f i e d  by shaking w ith  s o l id  p o tassiu m  

perm anganate and w ith  m ercury. I t  was d r ie d  over phosphorus p e n to x id e , 

and f r a c t io n a te d ,  th e  m iddle f r a c t i o n  b e in g  c o l le c te d .

B .p . 46 .2*/7É5 mm.

Smith and W itten  (5) give b.p. 46.2*.

ALUMINIUM ACSTYLACBTONATS.

Aluminium a c e ty la c e to n a te  was p rep a red  by th e  method d e sc r ib e d  in  

" In o rg an ic  Syntheses" ( 4 ) .  Ace ty la c e  tone ( )  m o is .)  i n  su spension  in  

w ater was t r e a te d  w ith  d i lu te  ammonium hydroxide u n t i l  i t  J u s t  d is s o lv e d . 

T h is  s o lu t io n  was added to  a 10^ aqueous s o lu t io n  o f ammonium alum 

(1 m o l.) .  The complex was p r e c ip i t a te d  im m ediately as  sm all, p a le  

ye llow  c r y s t a l s ,  which were p u r i f i e d  by p r e c ip i t a t i o n  from benzene s o lu t io n  

w ith  petro leum  e th e r ,  b .p .  80-100*. The pure substance  was o b ta in e d  

a s  sm a ll, c o lo u r le s s  p rism s, m .p . 192- 5 *»

F inn, Hanpson and  Sutton (5 )  g ive m .p. 192-5*»
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FERRIC ACSTYLACBTONATS.

F e r r ic  a  ce ty la c e  to n a te  was p rep a red  analogously , adding th e  n e u tr a l  

s o lu t io n  o f a c e ty la c e to n e  to  a  c o n ce n tra te d  aqueous s o lu t io n  of f e r r i c  

c h lo r id e .  The a d d it io n  o f a  l i t t l e  more ammonia was re q u ire d  to  com plete 

th e  p r e c i p i t a t i o n .  The complex se p a ra te d  as b r ig h t  re d  c r y s ta l s ,  which 

were p u r i f ie d  by re  c r y s t a l l i s a t i o n  from  benzene; m .p. 182*.

F inn , Hanpson and S u tto n  ( l o o . o i t . )  g ive m .p. 1 8 1 .5 -1 8 2 .3 * .

BERYLLIUM DIBENZOTUfETHANE .

B ery llium  dibenzoylm ethane was o b ta in ed  on th e  g rad u a l a d d it io n  of 

an aqueous s o lu t io n  o f b e ry lliu m  su lp h a te  in  s l ig h t  e x c e ss  of th e  

th e o r e t i c a l  q u a n tity  to  an a lc o h o lic  s o lu t io n  o f dibenzoylm e th a n e . The 

coHplex was p u r i f ie d  by p r e c ip i t a t io n  w ith  a le  d i d  from  benzene 

s o lu t io n ,  which gave lo n g , pure w hite n e e d le s , m eltin g  sharp ly  a t  214*. 

Booth and P ie rc e  ( 6 ) give m .p. 214-5* .

FERRIC DIBSN2QYLMSTHANB.

F e r r ic  dibenzoylme thane was p re p a re d  from f e r r i c  c h lo r id e  and 

dibenzoylm e thane by the  method used f o r  th e  b e ry lliu m  complex. I t  

was p u r i f ie d  by p r e c ip i t a t i o n  w ith  a lc o h o l fTcan benzene s o lu t io n , 

g iv in g  very  sm all, d a rk  re d  n e e d le s . T his compound h a s  no t p re v io u s ly  

been  d e sc r ib e d .

(Found: Fe, ? .6 0 ; re q u ire d  f o r  Fe(C^^H^^^Og)^ : Fe, 7 .7 0 # .)

ALaamUM Pli ÎNZOYLMETHANE.

Aluminium dibenzoylm e thane was p rep a red  by th e  same method from 

ammonium alum and dibenzpylm ethane. The p ro d u c t was a  cream -co loured .
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m ic ro o ry s ta l l in e  powder, which was not s u f f i c i e n t ly  so lu b le  i n  any 

s o lv e n t to  p e rm it re  c r y s t a l l i s a t i o n ,  or f o r  p o la r i s a t io n  m easurements to  

be xsade. T h is conpound has no t p re v io u s ly  been d e sc r ib e d .

(Pound 2 A 1 ,5 .?6# ; re q u ire d  f o r  A l, ) .87)()

NICKEL SALICYLALDQXIMB.
1

Salicyladoxim e was p rep a red  fpcw sa lic y la ld é h y d e  and hydroxylam ine 

h y d ro c h lw id e  in  eq u im o lecu la r p ro p o r tio n s  i n  a lk a lin e  s o lu t io n .  

U nconverted aldehyde was removed by steam  d i s t i l l a t i o n ,  and the 

p ro d u c t which c r y s t a l l i s e d  out on c o o lin g  the  s o lu t io n  was used w ithou t 

f u r th e r  p u r i f i c a t i o n .

N ickel sa lic y la ld o x im e  was p r e c ip i t a te d  a s  a  b r ig h t  green  powder 

on the  a d d it io n  of a  d i lu te  so lu tio n  a f  sa licy la ld o x im e  in  aqueous 

a lc o h o l to  a  s o lu t io n  c o n ta in in g  a  s l i g h t  ex cess  of n ic k e l  c h lo r id e .

The p ro d u c t was c r y s t a l l i s e d  once from  ch loroform , form ing  a h in in g , 

dark  green  n e e d le s .

COPPER SALICYLALDOXIME.

Copper sa lic y la ld o x im e  was p rep a red  analogously  from  sa lic y la ld o x im e  

and o u p ric  su lp h a te . The complex was p r e c ip i t a te d  as a  y e llo w -g reen  

powder, which was c r y s t a l l i s e d  once from  d ioxan , form ing dark  o liv e -g re e n  

p l a t e l e t s .

NICKEL BBINZE @j^ap,,p#ORSSOL.

Benzeneasso-p-c re s o l  was p rep a red  by the a d d it io n  o f a  s o lu t io n  o f 

benzenediazonium  c h lo r id e  (1 m o l.) to  a  co ld  a lk a lin e  s o lu t io n  o f 

£ - c r e s o l  (1 m o l.) . The red-brow n p r e c ip i t a t e  was c r y s t a l l i s e d  once 

from a lc o h o l.
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M,p. 108®.

N ickel benzeneazo<-£-oresol was p rep a red  a s  d e sc r ib e d  E lk in s  and 

H unter ( ? ) ,  by adding  a  s o lu t io n  of n ic k e l a c e ta te  (1 .2  m ois. ) i n  50# 

aqueous ace to n e  to  a  s o lu t io n  of b e n zen eazo -^ -c re so l in  hot ace tone  

c o n ta in in g  a  l i t t l e  ammonia. On c a re fu l d i l u t i o n  of the s o lu t io n  w ith  

w a te r, tlie  n ic k e l  complex was p r e c ip i ta te d  i n  an  iapu re  form , which was 

p u r i f i e d  by re p e a te d  p r e c i p i t a t i o n  from ch lo ro fo rm  so lu t io n  w ith  

pe tro leum  e th e r ,  b .p .  80#.100*. I t  was o b ta in ed  pure a s  sm all sh in in g  

g ree n -b lac k  c r y s ta l s ,  m .p, 2l 6 *.

Elkins and îîunter give m .p. 2l6*.

GQPPBR BSNZSNSAZQ-p -CRSSQIi.

Copper benK eneazo-£~cresol was p rep a red  a s  d e sc rib e d  by E lk in s  and 

H unter ( l o o . c i t . ) ,  by th e  a d d it io n  of o u p ric  a c e ta te  d is so lv e d  in  50# 

aqueous a lc o h o l to  a  h o t ,  c o n ce n tra te d  a lc o h o lic  s o lu t io n  o f 

be nee ne as o ^ -  ore s o l . The conq>lex se p a ra te d  ou t a s  a  brown powder,

which was o b ta in ed  pure by p r e c i p i t a t i o n  from h o t benzene s o lu t io n  

w ith  petro leum  e th e r .  I t  was found to  be to o  in so lu b le  f o r  

p o la r i s a t io n  m easurem ents.

NICKEL A 20-2-NA PH rTiY LAM im .

B enzeneazo-2-naphthylanine was p rep ared  by th e  g en era l method 

g iven  by Hodgson and F o s te r  ( 8 ) .  A s o lu t io n  o f  benzenediazonium  

c h lo r id e  (1 m o l.)  was added s lo w ly , w ith  s t i r r i n g ,  to  a  s o lu t io n  o f 

2-nap h t ly l  ami ne (1 m o l.) in  a lc o h o l, c o n ta in in g  fu sed  sodium a c e ta te ,  

a t  0*. S t i r r in g  was con tinued  a t  0* fo r  one hou r, and the s o lu t io n  

was then  warmed to  50* fo r  f i f t e e n  m inutes, and allow ed to  s ta n d
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o v e rn ig h t. "Mie aao-ooiapound c r y s t a l l i s e d  out in  sm all, s c a r le t  

n e e d le s , m .p. 117*, which were used w ith o u t f u r th e r  p u r i f i c a t i o n .

N ickel ben*eneazo-2-naphtbylam ine was p rep ared  by th e  method g iv en  

by C h a r r ie r  and B e re t ta  ( 9 ) .  A h o t s o lu t io n  o f be nzene azo-2- 

naphthylam ine in  a lc o h o l was added slow ly  to  a  h o t , c o n ce n tra te d  

s o lu t io n  o f n ic k e l c h lo r id e  in  la rg e  e x c e ss , in  20# ammonia, and th e  

m ix tu re  was b o ile d  f o r  t h i r t y  m in u tes . The complex was p r e c ip i t a te d  

a s  a  deep g reen  powder, only s l i g h t ly  so lu b le  in  benzene o r d io x an .

COPPER BSN2aBNBA20-2-NAFHTHYLAMINB.

Copper benzenea zo -2 -n ap h th y lamine was p rep a red  by the  method o f 

C h a r r ie r  and B e re t ta , from ou p ric  su lp h a te  and benzeneaso-2-ncqphthylam ina 

I t  was p r e c ip i t a te d  a s  a  f in e ,  v io le t-b ro w n  powder, which o z* y sta llised  

from benzene a s  s h in in g , very  dark  brown c r y s ta l s ,  m .p. 170*.

C hau rie r and B e re t ta  g ive m.p. 1 )0 * , no t sh a rp .

T his compound was so lu b le  in  benzene w ith  a  deep red  c o lo u r, b u t 

appeared  alw ays t o  undergo some decom position  in  s o lu t io n ,  so th a t  i t  

oould  no t be o b ta in ed  uncontam inated by some of th e  firee azo-confound.

The i n s t a b i l i t y  of a  copper complex in  which the copper atom i s  bonded 

to  fo u r  n itro g e n  atoms was observed a ls o  in  copper p y r r o le - 2-a ld im in e , 

which was p rep a red  a f t e r  P f e i f f e r  (10) and ob ta in ed  a s  l i ^ t  c o p p e r-  

c o lo u re d  c r y s ta l s  w ith  a m e ta l l ic  appearance from chloroform ; th ese  

deconq)Osed slow ly on keep ing , and cou ld  no t be o b ta in e d  pure  enough 

f o r  p o la r i s a t io n  m easurem ents. An a ttem p t to  p rep a re  copper be nzene azo-  

2-p y r ro le  produced sh in in g  b la c k  c r y s t a l s ,  so lu b le  in  benzene w ith  a 

deep b lu e  c o lo u r, which oould no t be o b ta in ed  p u re .
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Igg^  Baaf^WSAZQ-2-NAPHTH(ft.

 ̂ BengeneagQ -2-naphthol, p rep a red  from 2 -n ap h th o l and 

bensenediazonium  ohXorlde by th e  method doso ribed  fo r  benzeneaso- 

£ - c r e s o l ,  was o b ta in e d  a s  a  re d , m io ro o ry s ta ll in e  powder, m .p. 153*, 

which was used w ith o u t f u r th e r  p u r i f i c a t i o n .

The n ic k e l complex, which was p repared  in  th e  same way a s  th e  

con^lex  of benzeneazc-2-naphthylam ine, was p r e c ip i ta te d  a s  a  g rey -  

g reen  powder, idiioh was p u r i f ie d  by re  c r y s t a l l i s a t i o n  from to lu e n e , 

form ing sm all, d a rk  green  n e e d le s .

COPPER BSNZBNBAZO-2-NAPHTHQL

Copper benzeneazo -2-n q )h th o l was p rep a red  an a lo g o u sly . I t  was 

p r e c ip i ta te d  a s  a  brown powder which was c iy  s t a l l i s e d  from to lu e n e , 

form ing a sm a ll, d a rk  red-brow n c r y s t a l s .

Both th e  n ic k e l  and th e  copper oonplexes of be nzene guBo-2-
f.

naph tho l found to  be i n s u f f i c i e n t l y  so lu b le  f o r  p o la r i s a t io n  

m easurem ents.

NICKEL BENZEîEAZO-2-PYRROLE.

Benzeneazo-2-p y rro le  was p rep a red  a s  d e sc rib e d  by 0 . F isc h e r  (1 1 ) , 

by a  method analogous to  th a t  d e sc r ib e d  f o r  benzeneazo-2-  

naphthylam ine. I t  was found t h a t  u n le s s  co o lin g  was c a r r ie d  out 

w ith  extreme c a r e ,  t a r  fo rm atio n  occu rred , and the  azo-conpound was 

n o t  o b ta in e d . I t  se p a ra ted  ou t a s  a  dark  yellow  s t ic k y  s o l id ,  

which was c r y s t a l l i s e d  once from  d i lu t e  a lc o h o l and used w ithout

f u r th e r  p u r i f i c a t i o n .

The n ick e l complex was p rep a red  by the  method g iven  by
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P f e i f f e r  ( lo o .  c i t . ) .  N ickel c h lo rid e  ( )  m o le .) was d is so lv e d  in  

c o n ce n tra te d  ammonia, and the  s o lu t io n  was added slowly to  a  b o i l in g  

a lc o h o lic  s o lu t io n  o f b en g en eazo -2 -p y rro le . A fte r warming fo r  an 

hour, th e  g ree n -b lac k  c r y s t a l l i n e  p r e c ip i ta te  was f i l t e r e d  o f f  and 

re  c r y s t a l l i s e d  from a  m ix ture  of th re e  p a r t s  o f a lc o h o l to  one p a r t  

o f  ch lo ro fo rm . I t  was o b ta in ed  pure a s  sh in in g , very  dark  g reen  

n eed les , so lu b le  in  benzene w ith  an in te n se  red-brow n c o lo u r .

(Pwjnd: C, 5 9 . 9 , H, 4 .06, N, Required for Nl(O^QHgN )̂g;

C. 60.2, H, 4 .0 4 , N, 2 1 . i ; ( . )

COPPER SAI.ICTLALDEHTDB.

Cqpper sa lio y la ld e h y d e  was p repared  by adding  an a lc o h o lic  s o lu t io n  

o f the  aldehyde dropw iae, w ith  s t i r r i n g ,  to  a  s o lu t io n  06 o u p ric  

s u lp h a te . The conçilex was p r e c ip i t a te d  im m ediately a s  sm all g reen  

c r y s t a l s ,  w hich were f i l t e r e d  o f f  andjbhorou^ly  washed w ith a lc o h o l 

and w a te r.

COPPER SALICYIiALDBgNB.

Copper s a l ic y la ld im in e  was ob ta ined  as a l ig h t-g re e n , c r y s ta l l in e  

powder on a llo w in g  copper sa lic y la ld eh y d e  to  s tand  f o r  some days in  

c o n ta c t w ith  a  co n cen tra ted  s o lu t io n  of ammonia. I t  was found to  be 

too  in so lu b le  f o r  use in  p o la r i s a t io n  m easurem ents.

COPPER SALICYLIDENEmTHYLIMINE:.

Copper sa liq y lid en em eth y lim in e  was p re p a re d  a s  d e sc r ib e d  by 

P f e i f f e r  and G laser (1 2 ) . To a  warm s o lu t io n  of s a lic y la ld é h y d e  in  

m ethyl a lc o h o l was added the th e o r e t ic a l  q u a n ti ty  of methyl amine in  

aqueous s o lu t io n .  An ex cess  of c u p ric  a c e ta te  s o lu t io n  was th en  added
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slow ly  w ith  s t i r r i n g .  On o o o lin g , th e  oooplex se p a ra te d  out a s  

lo n g , sa g e -g re en  n e ed le s , which were r e c r y s t a l l i s e d  from a lc o h o l .

The pure confound had m.p. 158*.

P f e i f f e r  and G lase r g ive  m .p. I 58*.

(Pound : Cu, I g . l ) # ;  re q u ire d  f o r  Cu(CQHgON)g % Cu, I 9 . I 6#)

COPPER SALICYLII^NSANILINE.

Cqpper 8 a l iq y l id a  ne a n i l in e  was p repared  by adding copper 

su lp h a te  s o lu t io n  in  ex cess  to  an  a lc o h o lic  s o lu t io n  o f the a n i l .

The conq>lex se p a ra te d  out a t  once, and was o b ta in ed  p u re , by 

p r e c ip i t a t i o n  from  benzene s o lu t io n  w ith  a lc o h o l, a s  very  deep 

brown, s ta r -s h a p e d  c r y s t a l s .

(Pound 2 Cu, 14.0#; re q u ire d  fo r  Cu(Cj^jHj^^0M)2 5 Cu, I 5 . 9#) 

N ickel s a l io y l id e  ne a n i l in e  was p rep a red  s im ila r ly ,  b u t was 

no t used  f o r  p o la r i s a t io n  m easurem ents on accoun t of i t s  l im i te d  

s o lu b i l i t y  i n  benzene and d io x an . I t  formed a m ic ro c ry s ta l l in e

powder, which was to o  in so lu b le  t o  be p u r i f ie d .

COPPER SAUCYLIDENE-p-CHLORANILim.

Copper s a l iq y l id e n e -£ -c h lo ra n i l in e  was p rep a red  s im i la r ly .  I t  

was ob ta ined  as coppery-brown p l a t e s  from benzene.

(Found : Cu, 12.0#; re q u ire d  fo r  Cu(C^jH^0NCl)2 : 12 .1#)

C Q P m  SALICYLIDBNS-p -B R (PaN ILIN B .

Copper sa lic y lid e n e -£ -b ro m a n ilin e  was p re p a re d  s im i la r ly .  I t  

was p u r i f ie d  by p r e c ip i t a t io n  from  benzene s o lu t io n  w ith  a lc o h o l,  

farm ing dark  golden-brown rhombic p l a t e l e t s .

(Found t Cu, 10.2#; re q u ire d  fo r  Cu(Cj^jHgONBr)2 ; Cu, 1 0 .)# )
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COPPER SALICYLIDSNS-p-IQDQANILINS.

Copper 8a X lo y lld o n e -£ -io d o an iI in e  was p rep a red  s im i la r ly .  I t  was 

p u r i f i e d  by p r e c ip i t a t i o n  from  benzene s o lu t io n  w ith  a lc o h o l, fo rm ing  

sh in in g  co pper-co lou red  p l a t e l e t s .

(Found 2 Cu 9 . 0#; re q u ire d  f o r  Cu 9*0#)

COPPER 125>DIP'ISNYU3->HYDRQXYTRIAZBNE!.

l 23* D lp b en y l-)-h y d ro x y triazen e  was p rep a red  by the  method 

d e sc r ib e d  by Bamberger and R is in g  ( 1 ) ) .  A s o lu t io n  of benzene d iazonium  

c h lo r id e  was added, a t  0*, to  a  10# a lc o h o lio  s o lu t io n  of p h en y l-  

hydroxylam ine, f r e s h ly  p rep a red  by th e  re d u c tio n  of n itrobenzene  w ith  

z in c  and ammonium c h lo r id e .  A p a le  yellow , c r y s t a l l i n e  p r e c ip i t a te  

s e p a ra te d  a t  once, and was f i l t e r e d  o f f  and used  fo r  th e  e y n th e s ls  o f the 

com plexes w ithou t f u r th e r  p u r i f i c a t i o n .  For th e  r e f r a c t i v i t y  

m easurem ents, i t  was p u r i f ie d  by re  c r y s t a l l i s a t i o n  from a lc o h o l. The 

pu re  substance  had m .p. 126- 7* .

Bamberger and R ising  give m .p. 126-7*.

Copper l :) -d ip h e n y l- ) -h y d ro x y tr ia z e n e  was p rep a red  by th e  same 

g e n e ra l method th a t  was used fo r  th e  coD^^lexes of th e  a n i l s .  I t  

s e p a ra te d  a s  deep red-brown n e e d le s , which were p u r i f ie d  by 

p r e c ip i t a t i o n  from chloroform  s o lu t io n  by pe tro leum  e th e r ,  b .p .  80-100*. 

The pure  substance  had m.p. 191-2* .

E lk in s  and îk in te r (14) g ive m .p. I 9O-2*.

NICKEL li5-DIPHSNYL-5-Hn)ROXYTRIAZENS.

The n ic k e l complex was o b ta in ed  by the same m ethod. I t  

se p a ra te d  a s  a  b r i ^ t  yellow  powder, a lm ost in so lu b le  i n  benzene
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and d io x an , and th e re fo re  oould not be used  f o r  p o l a r i s a t i o n  

m easurem ents.

CCFPSR l-HYDHOXr-l-FNENYL-3-P-CHLQRPHSNYLYRIAZSIÆ.

l-% d rQ x y -l-p h e n y l-3 -P'"O hlorphenyltriazenB  was p rep a red  ft*on 

phenyl^hydroxylam ine and £ -o h lo ra n i l in e  by the  method of Bamberger 

and R is in g  ( lo o . c i t . ) .  I t  se p a ra te d  as a b u ff-c o lo u re d  powder, which 

formed lem on-yellow  n e e d le s  Arom a lc o h o l, m .p. 154*, deoonq)08ing  

a t  th e  m e lt in g -p o in t .

The copper complex was p repared  by th e  same method used  fo r  the 

u n s u b s t i tu te d  conpound. I t  was ob ta ined  a s  f in e ,  l ig h t-b ro w n  n e e d le s  

w ith  a s i lv e r y  l u s t r e ,  m .p. 200*. I t  was too in so lu b le  f o r  

m easurem ents of p o l a r i s a t i o n .

N e ith e r  the  t r ia z e n e  nor th e  copper complex have p re v io u s ly  

been d e sc r ib e d .

NICKEL qC-BBNZILDIOXIMS.

(X -B enzild ioxim e was p rep ared  a s  d e sc rib e d  by Auwers and 

V.Meyer (1 5 ) .  A h o t, c o n c e n tra te d  a lc o h o lic  s o lu t io n  of b e n z i l  

c o n ta in in g  a  t r a c e  of h y d ro ch lo ric  a c id  was t r e a te d  w ith the 

th e o r e t i c a l  q u a n ti ty  of powdered hydroxylam ine h y d ro c h lo r id e . The 

m ix tu re  was b o ile d  under r e f lu x  fo r  two h o u rs , d u rin g  which time a  

heavy w hite c ry s ta l l in e  p r e c ip i t a te  appeared , which was f i l t e r e d  o f f .

A l i t t l e  more hydroxylamine h y d ro ch lo rid e  was added to  th e  f i l t r a t e ,  

and th e  d ig e s tio n  was re p e a te d  fo r  a  f u r th e r  two hou rs, a t  th e  end 

o f which tim e, a  f u r th e r  crop o f the dioxim e was o b ta in e d . The two 

p o r t io n s  were conbined, and used w ithou t f u r th e r  p u r i f i c a t i o n .
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The n ic k e l co sp lex  o f (X -benzildioxim e was p re p a re d  from 

th e  dioxim e and n ic k e l a c e ta te  in  th e  th e o r e t i c a l  p ro p o r tio n s , which 

were b o i le d  to g e th e r  i n  su sp en sio n  in  50# aqueous a lc o h o l, c o n ta in in g  a  

l i t t l e  ammonia, fo r  two hours* The complex sep a ra ted  a s  a  b r i ^ t  

o ran g e -red  amorphous powder, which was f i l t e r e d ,  washed and d r ie d , and 

f re e d  from  ex ce ss  dioxim e by washing w ith  benzene.

COPPER cX-BSNZILDIQXIMS.

Copper ^ -b e n z ild io x im e  was p rep a red  from ^ -b en z ild io x im e  and 

c ip r io  a c e ta te  by th e  method used f o r  the n ick e l complex, and was 

p u r i f i e d  in  th e  same way. I t  was o b ta in ed  as a  da rk  brown, c r y s t a l l i n e  

powder.

The copper and th e  n ic k e l  oonplexes o f ^(-benzild iox im e were both 

to o  in s o lu b le  in  benzene and dioxan fo r  p o la r i s a t io n  m easurements to  

be made.

COPPER GLYCINE.

Copper g lycine  was p rep ared  by add ing  f re s h ly  p r e c ip i t a te d  cup ric  

hydroxide to  a  h o t c o n ce n tra te d  aqueous s o lu tio n  of g ly c in e  u n t i l  no 

more of th e  hydroxide would d is s o lv e . The h o t s o lu t io n  was f i l t e r e d ,  

and allow ed to  coo l; th e  complex c r y s t a l l i s e d  out as b r i l l i a n t  b lu e  

l e a f l e t s .  I t  was too  in so lu b le  f o r  p o la r i s a t io n  m easurem ents to  be 

made.

NICKEL o-ArmCFHBNOL.

o-Ami nophenol was p rep a red  by th e  method of G a la tia  ( l 6 ) .  

o -N itrq p h en o l was powdered, and mixed to  a  p a s te  w ith  j u s t  s u f f i c i e n t  

sodium hydroxide s o lu t io n  to  convert i t  t o  the sodium s a l t ,  and t h i s



54 .

was added g ra d u a lly , w ith  s t i r r i n g ,  to  an ex cess  of m olten  sodium 

s u lp h id e , in  a  p o rc e la in  dish*  When th e  a d d it io n  was coaqplete, the  

m elt was h e a te d  a  l i t t l e  lo n g e r, and th en  poured in to  a la rg e  volume 

o f w a te r . The s o lu tio n  was f i l t e r e d ,  and a  ra p id  stream  of carbon 

d iox ide  was passed  th ro u g h  i t  to  n e u tr a l i s e  f r e e  a lk a l i*  The phenol 

began to  se p a ra te  a f t e r  a  time as  sm all w hite  c r y s t a l s .  A l i t t l e  

sodium b is u lp h i te  was added to  th e  s o lu t io n  a s  a  p re c a u tio n  a g a in s t  

o x id a t io n . When no more ami nophenol se p a ra te d  o u t, the c r y s ta l s

were f i l t e r e d  o f f ,  washed w ith  w ater c o n ta in in g  a  l i t t l e  sodium 

b i s u lp h i t e ,  and d r ie d  betw een f i l t e r - p a p e r s .  The conqpound was used 

a t  once b e fo re  o x id a tio n  oould occu r.

The n ic k e l coaplex  was p r e c ip i ta te d  a s  a g rey -g reen  powder when 

aq u eo u s-a lco h o lic  s o lu t io n s  of n icke l a c e ta te  and o-am inophenol were 

warmed to g e th e r .

COPPER o-AMINOPIiByOL.

Copper £-am inpphenol was ob tained  analogously  from c u p r ic  a o e ta te  

and th e  p h e n o l. I t  was p r e c ip i ta te d  a s  a  g rey  powder.

The n ic k e l  and copper complexes o f ^-am incphenol were bo th  

i n s u f f i c i e n t ly  so lub le  f o r  p o la r i s a t io n  measurements to  be made.

COPPER N-NITROSOPHSNYLHYDROIYLAÎÆNS.

Copper N -n itro 3ophenylhydro]Qrlamlne was p repared  by m ixing 

aqueous s o lu t io n s  of c u p r ic  su lp h a te  and "cu p fe rro n " . I t  se p a ra ted  

out a s  a  v e ry  p a le  b lu e -g re y  powder, which was o o n p le te ly  in so lu b le  

in  benzene, b u t which d is so lv e d  in  d ioxan t o  th# e x te n t o f abou t 

16 g . / l i t r e ,  form ing a  b r i ^ t  blue s o lu t io n .  This marked d if fe re n c e
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i n  s o l u b i l i t y  in d ic a te d  a p o s s ib i l i t y  o f in te r a c t io n  w ith  th e  

m olecu les o f the  s o lv e n t, and on t h i s  acco u n t, no m easurements 

were c a r r ie d  o u t on t h i s  cox%g)ound.

COPPER PHTHALIMIDS.

Copper ph thalim ide  was p repared  a s  d e sc r ib e d  by Ley and Werner ( 1 7 ) .  

An aqueous s o lu t io n  o f c u p r ic  a c e ta te  (1 m ol.) was added g ra d u a lly  t o  

a  s o lu t io n  of p h tha lim ide  (2  m o is .) in  th e  mimimum q u a n ti ty  of 

po tassium  hydroxide# A l i g h t  b lu e , m io ro o ry s ta ll in e  p r e c ip i t a te
Wô-y

se p a ra te d  o u t, w h ic h / f i l te r e d  o f f ,  washed w ith  w ater and warm a lc o h o l, 

and d r ie d .

The confound was q u i te  in so lu b le  i n  b o th  benzene and dioxan#

COPPER (X-BSNZOINOXIMS.

oc-Benzoinoxime was p rep a red  as d e sc r ib e d  by Vogel (1 8 ) .  An 

aqueous s o lu t io n  of hydroxylam ine h y d ro ch lo rid e  (1 m o l.)  was j u s t  

n e u tr a l i s e d  w ith , sodium hydroxide, and th en  b o ile d  under r e f lu x  w ith 

an a lc o h o lic  s o lu t io n  o f  benzo in  (1 m o l.) f o r  one h o u r. A dd itio n  of 

w ater to  th e  s o lu tio n  p r e c ip i t a te d  th e  oxime, which c r y s t a l l i s e d  on 

coo ling  in  i c e .  I t  was used in  the  p re p a ra t io n  of the copper complex 

w ithout f u r th e r  p u r i f i c a t i o n .

Copper ^-benzoinoxim e was o b ta in ed  a s  a f in e ly  c r y s t a l l i n e ,  

o liv e -g re e n  p r e c ip i t a te  on th e  a d d it io n  o f a  d i lu t e ,  a lc o h o lic  

s o lu t io n  o f the oxime to  an aqueous s o lu t io n  of ovçrio  s u lp h a te .

The s o lu b i l i ty  in  benzene and d ioxan  was too low to  a llow  

p o la r i s a t i o n  measurements to  be made.
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NICKÜL ylBSHZILDIOXIiffi.

Y ^Benslldioxin» was p re p a re d  by the  method o f  Auwers and V. Meyer 

(19)« fPom ydlbensllm onaxlm s. T h is  was p rep a red  by the  p rocedure  

d e sc r ib e d  by Vogel (2 0 ) .  «X-Benzilaonoxlne was f i r s t  p rep a red  from  

b e n z i l ,  by add ing  the th e o r e t i c a l  q u a n tity  o f hydroxylam ine hydro­

c h lo r id e  in  c o n c e n tra te d  aqueous s o lu tio n  t o  a  p a s te  o f b e n z il  w ith  a 

l i t t l e  a lc o h o l;  sodium hydroxide s o lu tio n  was th en  added dropw ise in  

s l i g h t  e x c e ss , w ith  r a p id  s x ir r in g  and e f f i c i e n t  co o lin g . A fte r  1^  hours 

s ta n d in g  a t  0*, the s o lu t io n  was d i lu te d  w ith  w a te r, and th e  unchanged 

b e n z i l  was removed ly  f i l t r a t i o n .  The f i l t r a t e  was a c id i f i e d  w ith  

d i lu t e  a c e t i c  a c id , and the crude ^benzilm onoxim e was p r e c ip i t a te d .

I t  was f i l t e r e d  o f f ,  washed and d ried , and d is so lv e d  in  the  minimum 

q u a n ti ty  of b o i l in g  benzene, and 10# of i t s  w eigh t of animal charcoa l 

was added. A fte r  b o i l in g  under r e f lu x  f o r  f i f t e e n  m inutes, th e  

s o lu t io n  was f i l t e r e d  and a llow ed  to  c r y s t a l l i s e ,  -Benzilmonoxime 

se p a ra te d  a s  c o lo u r le s s  c r y s t a l s .

-Benzilmonoxime (1 m o l.)  was t r e a te d  w ith  a  vary la rg e  e x c e ss  of 

sodium hydroxide (20 m o is .) i n  aqueous s o lu t io n ,  and hydroxylam ine 

hy d ro ch lo rid e  (6  m o is .) , and th e  m ixture was allow ed  to  s tan d  f o r  two 

days. I t  was th e n  d i lu te d  w ith  w a te r, and a c id i f i e d  w ith  very  d i lu t e  

hy d ro < ^ lo ric  a c id , avo id ing  a  la rg e  r i s e  in  te m p e ra tu re . A p a le  p in k , 

c r y s ta l l in e  p r e c ip i ta te  se p a ra te d , c o n s is t in g  m ainly of -b en z ild io x im e , 

to g e th e r  w ith  much sm alle r q u a n t i t i e s  of 4 -  and /3-dioxim e s .

o<-Benzildioxim e was removed by shaking th e  p r e c ip i t a te  w ith te n  tim es 

i t s  w eight of co ld  a lc o h o l, i n  which the  CX-dioxime i s  a lm ost 

com pletely  in s o lu b le .  This a lc o h o lic  s o lu t io n  was used  d i r e c t l y  i n
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th e  p r e p a ra t io n  of th e  n ic k e l  ocmplex, s in c e  th e  p resence  of sm all 

q u a n t i t i e s  o f th e  ^ -d iox im e  was im a a te r ia l ,  a s  t h i s  compound i s  no t 

capable o f form ing a  co s^ le x  w ith  n ic k e l .

N ickel y^bens&dioxime was p rep a red  a s  d e sc rib e d  by Atack (2 1 ) . The 

a lc o h o lic  s o lu t io n  of the  dioxime was added to  excess  o f n ic k e l c h lo r id e  

i n  aqueous s o lu t io n ,  and the  compound was p r e c ip i t a te d ,  by th e  dropwise 

a d d it io n  of ammonia, a s  a  b u ff-c o lo u re d  powder. I t  was c r y s t a l l i s e d  from 

ch lo ro fo rm , and was o b ta in e d  a s  d a rk  brown c ry s ta l s  c o n ta in in g  one 

m olecule of chloroform  o f c r y s t a l l i s a t i o n ,  whioh was removed by h e a tin g  

the  c r y s t a l s  a t  120* f o r  one hour.

The compound was s l i g h t l y  soli& le in  benzene, bu t not s u f f i c i e n t l y  

f o r  p o l a r i s a t i o n  m easurem ents to  be made on the  s o lu t io n s  % i n  d ioxan  

the s o l u b i l i t y  was much h ig h e r , approx im ate ly  $0 g . / l i t r e .  On account 

o f t h i s  la rg e  d i f f e r e n c e ,  i t  was concluded th a t  a s s o c ia t io n  occurred  in  

d ioxan  s o lu t io n s ;  no m easurem ents were th e re fo re  made on t h i s  compound.

COPBSR MONOSALICYLALDOXIiyfi.

Copper m onosalioylaldoxim e was p rep a red  a s  d e sc r ib e d  by F e ig l and 

Bondi (2 2 ) .  Copiéer  d isa lic y la ld o x im e  was weurmed w ith  a  la rg e  excess of 

sodium hydroxide in  $0# aqueous a lc o h o l, and th e  m ix ture  was allow ed to  

s tan d  o v e rn ig h t. Copper m onosalicy 1 aldoxime was o b ta in ed  a s  a  f in e ly -  

d iv id e d , deep b lu e -g re e n  powder, which was f i l t e r e d  o f f ,  washed w ith  w ater 

and a lc o h o l,  and d r ie d .

Copper monosal ic y l  a l doxime was found to  be to o  in so lu b le  in  benzene 

and d io x an  fo r  p o la r i s a t io n  measurements to  be made.
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HICKSL MQKOSAIilCYLAMOXUÆ.

An a ttem p t was made to  p rep a re  n ic k e l m onosalioy laldoxim s, whioh 

h as  not been p re v io u s ly  d e s c r ib e d , by an analogous p rocédure . A 

f ln a ly -d iv id o d , brown powder was o b ta in ed , whioh, a l t h o u ^  i t  was 

s ta b le  to  s tro n g  a lk a l i s ,  was very ra p id ly  dmoonposed hy a c id s  o r  by 

w a te r, w ith  fo rm a tio n  of th e  d i  sa licy la ld o x im e  oomplex. I t  cou ld  no t 

be o b ta in ed  p u re .

ALUMINIUM DIETHYL MALONATi î̂.

Aluminium d ie th y l  m alonate was p rep a red  by th e  method o f  T itschenko  

( 2 ) ) .  Aluminum powder (1 m o l.)  and d ie th y l  m alonate ( )  m o le .) were 

h e a ted  to g e th e r  w ith  a  t ra c e  of m ercu ric  c h lo r id e  in  xylene s o lu t io n  

f o r  s ix  h o u rs . A t th e  end o f t h i s  tim e, th e  l i q u i d  had tu rn ed  y e llo w - 

g reen , w ith  a  s tro n g  peacock-b lue f lu o re sc e n c e . The u n d isso lv ed  

alim inium  was f i l t e r e d  o f f ,  and the xylene was d i s t i l l e d  o f f  u n t i l  a  

tem perature  o f I 50* was re a c h e d . On c o o lin g , a  s t ic k y  mass of f i n e ,  

g reen ish -w h ite  n eed les  was form ed.

The complex could not be re  cry  s t a l l i s e d  i n  the o rd in ary  way on 

account o f i t s  e x c e p tio n a lly  h ig h  s o lu b i l i ty  in  a l l  s o lv e n ts .  I t  was 

re  cry  s t a l l i s e d  se v e ra l tim es by d is s o lv in g  i t  i n  d ry  e th e r ,  b o i l in g  

f o r  te n  m inutes w ith  a c tiv e  c h a rc o a l, f i l t e r i n g ,  and Uien c o n c e n tra tin g  

the so lu tio n  by p a ss in g  d ry  a i r  over i t  u n t i l  a  th ic k  mass o f 

c r y s t a l s  had formed in  the  rem ain ing  e th e r .  These were th e n  f i l t e r e d  

o f f .  The complex was ob ta ined  pure in  t h i s  way a s  long  w hite n e e d le s , 

h ig h ly  so lu b le  in  a l l  so lv e n ts  ex cep t l i g h t  p e tro leum , in  which i t  was 

q u i te  in s o lu b le , and ra p id ly  decomposed by w a ter; m .p. 9 5 ° .
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T itschenko  g iv e s  m .p. 9 4 -5 ° .

CALCIUM DIETHYL MALONATE.

S evera l a tte m p ts  were made to  p rep a re  the  calcium  complex o f d ie th y l  

m alonate , a s  d e sc r ib e d  by Erdmann and van  d e r  Smissen (2 4 ) . Calcium 

tu rn in g s  were h e a ted  w ith  an excess of d ie th y l  m alonate a t  the  b o i l in g -  

p o in t  f o r  se v e ra l h o u rs . Some hydrogen was evo lved , and an orange 

s o lu t io n  was produced which showed an  in te n se  b lu e -g re e n  f lu o re sc e n c e , 

c lo s e ly  resem bling  t h a t  which appeared d u rin g  th e  p re p a ra t io n  o f th e  

alum inium  complex. The a d d it io n  o f  e th e r  or l i ^ t  p e tro leum  to  t h i s  

s o lu t io n  p r e c ip i t a te d  an amorphous ye llow  powder, which cou ld  not be 

c r y s t a l l i s e d  on accoun t o f  i t s  ex trem ely  h igh  s o lu b i l i t y  in  a l l  o rg an ic  

s o lv e n ts  excep t e th e r  o r l i g h t  pe tro leum , in  whioh i t  was q u ite  

in s o lu b le .  This su b stan ce  resem bled t h a t  d e sc r ib e d  by Erdmann and van 

d e r  Sm issen, bu t i t  was found on a n a ly s i s  th a t  the  calc ium  c o n te n t was 

low er th an  t h a t  re q u ire d  by th eo ry , w hereas they o b ta in ed  a h ig h er 

v a lu e .

R equired  fo r  Ca(CyH^^0^ )2 : Ca 1 1 .2 , C 46.9# H 6 . I 9 # .

Found ; Ca 9*3# G 46 .7 , H 5*14 # .

Found ty  Erdmann and van de r Sm issen: Ca 1 ) .8 # .

The orange s o lu t io n  ob ta in ed  from  a second p re p a ra t io n  was 

c o n c e n tra te d  by d i s t i l l a t i o n  under reduced  p re s su re , a s  i t  was found 

t h a t  th e  tem perature  reached  d u rin g  d i s t i l l a t i o n  a t  a tm ospheric  

p re s s u re  was s u f f i c i e n t  to  decompose th e  complex. T his procedure gave 

a  t h ic k ,  syrupy s o lu t io n , whioh could  not be made to  c r y s t a l l i s e .

Removal o f a l l  the d ie th y l  m alonate gave a  h a rd , y e llo w  g la s sy  m ass, 

which was found to  resem ble the f i r s t  p ro d u c t in  i t s  extrem e
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s o l u b i l i t y ,  and in  b e in g  r e a d i ly  deoonposed by w ater, b u t  i t  was very 

so lu b le  in  e th e r .  I t  was q u ite  in so lu b le , however, i n  l i g h t  pe tro leu m , 

and th e  a d d it io n  of l i g h t  petro leum  to  th e  e th e r  s o lu t io n  p r e c ip i ta te d

an e th e r - in s o lu b le  powder, z*esembling th e  f i r s t  p ro d u c t in  appearance.
' • ' ' ' ' . - '

The e th e r - s o lu b le  p ro d u c t was found to  c o n ta in  a  h ig h e r  p ro p o r tio n  of
; ‘J- :

calcium  th a n  th e  o th e r , b u t  the  p ro p o r tio n  was s t i l l  low er th a n  the
V ! ; ; • ( .  - ;

t h e o r e t i c a l  fig u re*

(Found: Ca 1 0 .2 , C 4 7 .5 , «  5 .7 0 ;( .)

Tha In v e s t ig a t io n  was n o t co n tin u ed .

-.i ’

- ,  ' 'T '

' . y   ̂ ^   ̂ ' !. ' ' t  v ' -

- t '  v ' i .  ' ' . A ,

‘ -V t V ■ ; Î . . .  ‘ V ' V .

1 : ' '  ' ' \  : i ; ' v  . ' i  S V û At ' _p7'r ,

i n - : : t  ' t ' - " -  • . - V

' r i v ;  - - pi  " "ù-rWyv.

' ' - f " :  .

- :  . 
• i

'

- ■■ v:- : iv



6t.

a»otlon 2.

Tables of Exoerintntfcl R taaltg .

lb le 9o. Çompound. Solvent.

1. Aluminium aoetylaoetonate. Bensene.

2. Aluminium aoetylaoetonate (Series I ) . Dloxan.

3 . Aluminium aoetylaoetonate (se r ie s  I I ) . Dloxan.

4 . Ferrlo  aoetylaeetonate. Bensene.

5 . F errlo  aoetylaeetonate. Ploxan.

6. Ferrlo  dlbensoylmetbane. Bensene.

7 . Ferrlo  dlbensoylmetbane. Dloxan.

8. Beryllium dlbensoylmetbane. Bensene.

9 . Beryllium dlbensoylmetbane. Dloxan.
10. Copper 1 :3-dlpbenyl-3-hydro%ytrlasene. Dloxan.

11. Copper sailoylaldebyde. Dloxan.
12. Copper salloylldenemetbyllmlne. Dloxan.

U . Copper sa lloy lidenean lllne (se rie s  I ) . Dloxan.

14. Copper salloy lideneanlllne (se rie s  I I ) . Dloxan.

15. Copper s a il  oylldene-g^-ohloranl l in e . Dloxan.

16. Copper sailoylldene-g-brom anlline. Dloxan.

17. Copper salloylldene-g^lodoanlllne. Dloxan.

18. Copper salloylaldoxlm e. Dloxan.

19. Hlokel salloylaldoxlme. Dloxan.

20. Flokel benseneaso-Ej-oresol. Bensene.
21. Hlokel benseneaso-2-pyrrole . Bensene.
22. Aluminium dletbyl malonate. Bensene.

23. BefraotlT lty of 1 ;3-dlphenyl-)- 
bydroxytrlasene. Dloxan.
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1. Aluminium aoetylaoetonate in  bensene.

100 Wg
* 1̂2 ^12 “ d

0 2.2725 1.14479 1.4977 2.2431

0.6028 2.2777 1.14291 1.4980 2.2440

1.3448 2,2640 1,14056 1.4983 2.2449

1.9036 2.2890 1.13895 1.4986 2.2458

2.7889 2.2962 1.13618 1.4990 2.2470

3.4396 2.3018 1.13412 1.4993 2.2479

4.9313 2.3157 1.12957 1.5000 2,2500

*2

i e* 

0.86

•

0.312 0,149 132.9 88.3

0 .854 0.315 0.134 132.0 87.1

0.867 0.307 0.142 133.3 88.3

0.849 0.309 0.140 131.9 88 .0

0.851 0.310 0.140 131.7 87.8

0.876 0.309 0.140 133.0 88.0

X = 0,861; â c - 0.3098; Y  - 0 .1 4 0 .

1 3 3 # 2 O . O . »  * 8 8 , 0 0 , 0 .

s 4 5 ,2  0 , 0 .
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2 . Aluminium aoetylaoetoaate in  dloxan (Series 1 ) .

100*2 ^12 ^12
2

“D
0 2.2123 0.97312 1.4200 2.0164

0.7470 2.2203 0.97225 1.4208 2.0187

1.5269 2.2281 0.97132 1.4217 2.0212

2.1998 2.2365 0.97034 1.4224 2.0232

2.8771 2.2436 0.96954 1.4232 2.0255

3.4787 2.2515 0.96887 1.4239 2.0275

5.6832 2.2754 0.96614 1.4264 2.0346

^^12^*2 * ^ l2 /* 8 ^2 W
mm

1.08 0.117 0.308 136.9 88.4

1.03 0.118 0.314 136.1 88.6

1 .10 0.126 0.309 137.3 87.6

1.09 0.124 0.316 136.6 88.1

1.13 0.122 0.319 138.7 88.4
1 .11 0.123 0,320 137.3 88.4

ec = 1.100;

" 2«,

y f  - -0 .1227; 

s  138.1 0 . 0 . ;

?A = 49.7

Y = 0 ^ 7 .

~ 8 8 .4  0 . 0 ,

0. 0.
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à i f K Ê i n ï . m  aoetylaoetonate In dloxaa (Series I I )

100*2 ^12 ^12
0 2.2086 0.97292 1.4198 2.0158

0.5235 2.2146 0.97231 1.4203 2.0173
1.1188 2.2209 0.97190 1.4209 2.0189

1.4906 2.2258 0.97122 1.4214 2.0204

2.5070 2.2367 0.96990 1.4226 2,0238

3.4811 2.2478 0,96865 1.4238 2.0272

3.6839 2.2504 0.96848 1.4239 2.0275

-Z )*12/*2 w

1.15 0.117 0.29 140.9 87.1

1 .10 (O.O9I) 0.28 140.6 88 .6

1.15 0.114 0.31 141.3 88.5

1,12 0.120 0.32 138.7 88.6

1.13 0.123 0.327 138.5 88.8

1.13 0,120 0.318 139.1 88 .4

OC s 1, 121; y? = - 0. 1201; Y = 0 J 1 5 .

^2«  = 139.3 0 , 0 . ; ]T%>J " 88 .4  0 . 0 .

P4 = 50,9 0.0
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100*2 « 1 . ^12
0 2.2725 1.14468 1.4980 2.2440

0.7485 2.2805 1.14202 1.4987 2.2461

1.6940 2,2902 1.13832 1.4996 2.2488

3.2196 2.3064 1.13252 1.5010 2.2530

3.6454 2,3112 1.13099 I .5 0 H 2.2542

4.2257 2.3172 1.12913

4.9819 2.3248 1.12608

^ ^ 2/*2 -^ ▼ l2/*2 Z^np®/*2 '2
mm

1 .07 0.355 0.28 153.7 100.6

1 .04 0.375 0.28 149.7 98.6

1 .05 0.378 0.28 149.3 98.0

1 .06 0.376 0.26 150.0 98.7

1 .0 6 0.368 150.3

1 .05 0.373 148.9

= 1.056; P  '  -0.3727;

131.4 0 .0 .;

P. = 52.6

Y  =  o . a B i .

[Ep] = 98.8 0 .0 . 

0 .0 .
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5. Ferrlo aoetylaoetonate In dloxan.

100*2 ^12 ^12 V
0 2.2371 0,97402 1.4195 2.0150

1.1608 2.2526 0.97187 1.4213 2.0201

2.2020 2.2666 0.96982 1.4230 2.0249

2.9560 2.2762 0.96846 1.4241 2.0281

4.1337 2.2924 0.96605 1,4260 2.0335

4.8929 2.3026 0.96473 1.4272 2.0369

6.0658 2.3190 0.96250 1.4291 2.0423

^ ^ l g /*2 A . / / . . '2 w
«M» M» - mm

1.33 0.185 0.45 157.6 98.8

1 .34 0.191 0.45 156.9 98.5

1.32 0.188 0.44 155.9 98 .5

1 .34 0.193 0.448 155.8 98.0

1 .34 0.190 0.448 155.9 98.2

1 .35 0.190 0.450 156.1 98.3

oc = 1. 337: /?  = -0.1900: Y — 0.448 .

Fg = 157.7 0 .0 .;*ce
P. = 59.0  0. 0,

[ ^ ]   ̂ 98.7 0. 0.
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6. F trr io  dibtnzoylmathane in  benzene.

lOOWg ^12 ^12 V
0 2.2725 1.14477 1.4980 . 2.2440

0.2230 2.2752 1.14389 1.4983 2.2449

0.3750 2.2764 1.14333 1.4985 2.2455

0,5158 2.2781 1.14280 1.4988 2.2464

0.7420 2.2810 1.14182 1.4993 2.2479

0.8507 2.2819 1.14147 1.4994 2.2482

1.1339 2.2857 1.14048 1.5000 2.2500

« A v i g / « A ' / ' s
P

2 c y

1.22 0.395 0.40 327.1 231.3
1.03 0.384 0.40 306.0 217.0

1 .07 0.382 0.46 312.5 226.4

1 .1 4 0.398 0.53 317.1 231.3

1 .10 0.388 0.49 313.6 229.0

1 .16 0.378 0.53 323.4 235.8

« = 1. 12; ^  = -0,386; Y- 0.468,

317.5 O.O.; [Bj,] = 226.1 0. 0 .

Pj^ =5 9%#4 o#o#
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7» Ferrlo  âlbenzoylmeth&ne in  d io x tt .

100*2 ^12 ^12
0 2.2158 0.97338 1.4198 2.0158

0.1602 2.2179 0.97308 1,4202 2.0170

0.2680 2.2198 0.97288 1,4205 2.0178

0,4586 2.2224 0.97253 1.4210 2.0192

0.6242 2.2245 0.97220 1.4214 2.0204

0.7695 2.2271 0.97197 1.4218 2.0215
0.8731 2.2284 0.97173 1.4221 2.0224

'^^12^*2 „Z\Tig/*2 ^ “d*/*2 '2 t v
mm

1.31 0.187 0.75

m »

321.0 243.0

1.49 0.187 0.75 342.3 242.3

1 .44 0.185 0 .74 336.1 241.9

1.39 0,189 0.74 329.8 240.6

1.47 0.183 0.74 339.8 242.1

1 .4 4 0.189 0.76 335.4 243.0

oC = 1. 44; p = —0.1868; Y= 0.745.

^2^ = 336.3 0 .0 .» [% ] = 242.2 0. 0 .

= 9 4 1  0 , 0 ,



6 9 .

8. AlbensoTlmethaae in  bensene.

100*2 ^12 ’ 12 V
0 2.2725 1.14479 1.4980 2.2440

0.4663 2.2765 1.14319 1.4989 2.2467

1.0531 2.2818 1.14119 1.5000 2.2500

1.6171 2.2873 1.13925 1.5010 2.2530

2.3078 2.2928 1.13690 1.5022 2.2566

2.7216 2.2968 1.13554 1.5029 2.2587

4.4103 ; 2.3128 1.12959 1.5069 2.2707

" ^ ^ lg /* g ^ “ d ® /* 2 P2 w0m
0 .86 0.343 0.58 181.4 156.5

0.89 0.342 0.57 183.4 155.8

0.915 0.343 0.56 185.8 154.5
0.878 0.342 0.55 182.6 153.5

0.892 0.340 0.540 183.9 153.2

0.913 0.345 0.605 184.3 157.7

(X = 0.891;

^2^ =

P = - 0. 3426;

185.1 0 .0 .;

Pa = 89.1

Y  = 0.564

[Hjj] = 156.0 0. 

0. 0.

0.
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9. Beryllium dlbeaeovlMethane la  dloxan.

100*2 ^12 ’ 12 “D V
0 2.2243 0.97356 1.4198 2.0158

0,3748 2.2284 0.97298 1.4208 2.0186

0.7977 2.2335 0.97229 1.4220 2.0221

0.9941 2.2350 0.97203 1.4226 2.0238

1.5394 2.2418 0.97119 1.4240 2.0278

2.0366 2.2477 0.97024 1.4256 2.0323

3.0400 2.2590 0.96871 1.4283 2.0400

^ £ i 2/*2
#e

- A t i2/*2 ^ *^ //«2
mm Me

P2 [%)]

1.09 0.155 0.75 189.4 155.8

1 .15 0.159 0.79 192.2 158.7
1 .08 0.154 0.80 187.6 160.6

1 .14 0.154 0.78 192.3 158.3

1 .15 0.163 0.710 191.8 159.6

1 .14 0.160 0.796 191.3 158.6

oC = 1 .13 ; /P - -0.1585; X = 0.795.

192,0 8.O .; [Bj,] = 159.4 0 .0 .

= 32,6 0 .0 .
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10. »r 1;3 “3-hydToportriasene In dloxan.

100*2 ’ 12 np*

0 2,2120 0.97323 1.4200 2.0164

0,4551 2.2159 0.97222 1.4213 2.0201

0,9841 2.2205 0.97064 1.4225 2.0235

1.3678 2.2239 0.96953 1.4238 2.0272

1.8406 2.2272 0.96831 1.4248 2.0301

2.1956 2.2308 0.96642 1.4259 2.0332
2.6621 2.2354 0.96626

^ £ i 2/*2 - A y ^ g / w g A n j j P / * g P2 w

#a

0 .85 0è222 0*81 17412 164.5

0 ,86 0*263 0.72 168.8 151.1

0 .870 0*270 0.79 168.1 156.1

0.826 0.267 0.742 164.9 152*4

0.854 01310 0.765 161.9 148.7

0.878 0*262 169.6

= 0.850; p = -0.2700; Y = 0.770.

167.0 0 . 0 . ; [ E p ]  = 154.9 

0. 0.

0 . 0.
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1 1 .  P o p p e r  s a l i o y l a i a e h T d e  i n  d l o x a n .

lOOWg ^12 ’ 12 “0
0 2.2098 0.97290 1.4200 2.0164

0.1407 2.2122 0.97237 1.4203 2.0173

0 .2027 2.2138 0.97214 1.4205 2.0178

0.3662 2.2167 0.97162 1.4208 2.0187

0.4559 2.2191 0.97126 1.4210 2.0192

0.5847 2.2217 0.97081 1,4212 2.0198

0.6643 2.2230 0.97054 1.4215 2.0207

^ ^ 12/% “ ^ ’ l 2/*2 AopP/Wg P2 [®d1
tm mm

1.73 0.377 0.64 140.5 81.6

1.98 0.375 0.69 151.7 84.7
1.88 0.350 0.63 149.4 83.0

2 .0 4 0.360 0.61 156.2 81 .4

2.03 0.357 0.58 156.1 79.7

1.99 0.355 0.65 153.8 83.5

oC = 1.98; p ■■= -0.3587; y = 0.625.

P g  = 153.7 0 . 0 .  ;
^ oo

= 82.1 0 .  

6 0 . 0 .

0 .
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lOOWg ^12 ’ 12
0 2.2115 0.97306 1.4200 2.0164

0.3761 2.2174 0.97197 1.4207 2.0184
0 .66oi 2.2257 0.9719 1.4212 2.0198

C.9913 2.2268 0.97031 1.4219 2.0218

1.4145 2.2333 0.96916 1.4227 2.0241

1.9027 2.2415 c .96790 1.4237 2.0269
2.2312 2.2465 0.96703 1.4243 2.0260

-^Cjg/Wg
mm

* Avjg/wg 2̂ [Rp]

1.56 0.290 0.53 151.9 89.8

(2. 15) 0.268 0.52 (185. 3) 90.6

1.55 0.277 0.54 151.1 91.5
1.54 0.276 0.54 150.9 91.6

1.57 0.271 0.55 153.0 92.4

1.57 0.270 0.53 152.5 90.5

0< = 1.562; p-- -0.2732; Y  = 0. 534.
Pg^ = 153.0 0.0.; = 91.4 0.0,

Pj^  = 6 l . 6  0 . 0 .
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100*2 ^ 2

b U X X J k U O  X U  U J

’ 12

. o x m u  v D o x x o i i  X  j

“d

•

0 2.2147 0.97315 1.4200 2.0164

0.2776 2.2214 0.97244 1.4206 2.0181

0.6530 2.2299 0.97145 1.4216 2.0209

0.7566 2.2322 0.97118 1.4219 2.0218

1.2924 2.2447 0.96977 1.4230 2.0249

1.4429 2.2484 0.96939 1.4234 2.0261

2.1199 2.2633 0.96776 1.4248 2.0301

A C  i 2/*2 - A t 3l2/*2
«a»

2 w

2.41 0,256 0.61 274.7 133.2

2.33 0.260 0.69 267.2 139.0

2.31 0.260 0.71 266.0 Ï40.9

2 .32 0.261 0.66 265.7 136.1

2 .34 0.261 0.67 269.8 137.4

2.29 0,254 0.62 263.4 135.8

« = 2.319; p = -0.2585; y  = 0.678.

" 2 .  = 267.7 Û.O.; [Bp] - 138.4 0 . 0.

P — 129 # )  0  • 0  •
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lA. Popper sailoylldeneanlline In dloxan (Series II ) .

100*2 ^12 ’ 12 np V
0 2.2147 0.97330 1.4198 2.0158

0.3413 2.2223 0.97246 1.4206 2.0181

0.7889 2.2326 0.97130 1.4217 2.0212

0.9757 2.2367 0,97083 1.4221 2.0224

1.6362 2.2517 0.96920 1.4236 2.0266

1.7557 2.2547 0.96877 1.4240 2.0278

2.7109 2.2764 0.96654 1.4261 2.0338

^^12^*2 -A  ̂ ig/*g Attp^/wg **2

«e»

2.23 0.246 0.67 262.0 139.4

2.27 0.253 0.68 263.6 139.4

2 .25 0.253 0.68 262.4 138.7

2 .26 0.251 0.66 262.3 137.5

2.28 0.258 0.68 262.4 138.5

2 .28 0.249 0.66 262.1 137,7

OC = 2.260; p = «-0.2522; Y = 0 .671 .

»2 = 264.2 0 .0 .; [%] = 138.6 0 .0 .
CO

= 1 2 5 . 6  0 . 0 .
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15. Qopper Um* in  dloxan.

100*2 ^12 ’ 12 “d -1.'
0 2.2338 0.97355 1.4200 2.0164

0.3603 2.2380 0.97254 1.4207 2.0184

0.7397 2.2433 0.97146 1.4215 2.0207

1.0256 2.2461 0.97050 1.4221 2.0224

1.4306 2.2507 0.96915 1.4231 2.0252

1.4434 2,2520 0.96877 1.4238 2Æ72

2.6154 2.2646 0.96577 1.4258 2.0329

A C ig / *g - A t i2/*2 A n p 2 / * g '2 w

1.19 0,280 0.56 204.3 144.8

1 .28 0.28a 0.58 215.1 146.8

1 .20 0.297 0.59 205.4 145.1

1.18 0.308 0,62 202.0 146.5

1 .26 0.331 (0. 74) 205.1 (155. 9 )

1 .18 0.298 0.63 202.6 146.5

<x = 1 .18; p = -0 .2970; y  = 0. 590.

' 2 .
= 204.4 0 . 0 . ;  

2a = 58.5

[%] ’ 
0 . 0 .

145.9 0 . 0 ,
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l6 .  Copper 8»lieTlld«ne-p-bromapilln# In dloxan.

lO O W g ^12 ’ 12 V
0 2.2071 0.97300 1.4200 2.0164

0.2583 2.2098 0.97198 1.4205 2.0178

0.7334 2.2146 0.97012 1.4214 2.0204

0.9616 2.2164 0.96928 1.4220 2.0221

1.1346 2.2176 0.96906 1.4223 2.0229

1.4042 2.2203 0.96826 1.4228 2.0243

1.9740 2.2265 0.96536

A C j _ g / w g —A v ^ g / '
2

Sg Anp /*g **2

«a»

1 .0 6 0.395 0.54 207.8 149.9

1.02 0.393 0.55 205.8 150.5

0.97 0.387 0.59 201.2 156.5

0 .92 0.347 0.57 207.3 160.4

0 .9 4 0.338 0.56 202.1 152.9

0 .98 0.387 em 204.9

(X, = 0 . 994: p -  -0 .390; y " ’  0.563.

' 2 .  =
203.4 ® . ® .Î [Bp] = 153.1 0 . 0 .

' 50.3 ®.o.
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17. Popper e&lloy 11 an ilin e in dloxan.

lOOŴ g ^12 ’ 12 ap V
0 2.2174 0.97294 1.4200 2.0164

0.2139 2.2192 0.97208 1.4204 2.0175

0.4966 2.2213 0,97090 1.4210 2.0192

0.6636 2.2242 0.97006 1.4212 8.0201

1.1542 2.2291 0.96795 1.4222 2,0227

1,1890 2.2291 0.96793 1.4223 2.0229

1.4630 2.2315 0.96668 1.4230 2.0249

^ ^ 12^*2 - ^ V » s ^ < / ’ 2 W
on on

0 ,8 4 0.402 0.51 214.3 168.0

0.79 0.411 0.56 205.8 172.7

1 .02 0.434 0.56 227.9 167.6

1 .01 0.432 0.55 227.3 166.9

0 .98 0.421 0.55 226.1 168.3

0 .96 0.428 0.58 222.2 171.4

(X = 0 ,9 6 5 ; p  -0 .4 2 9 ;  y -■ 0. 558 .̂

p g  = 222.2 0 , 0 . ;  [B p ] = 1 6 8 . 1  0 . 0 ,

~ 54#1 o#o#
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l8 . Popper MtlioTlaldoiime in dloxan.

100*2 ^12 ’ 12 “d®
0 2.2097 0.97281 1.4200 2.0164

0.3091 2.2124 0.97177 1.4204 2.0175

0.4879 2.2141 « 0.97105 1.4206 2.0181

0.7585 2.2159 0.97021 1.4212 2.0198

1 .0394 2.2182 0.96903 1.4218 2.0215

1.2677 2.2209 0.96848 1.4220 2.0221

- Û T j j / . 2 **2 w

en

0.87 0.336

mm

0.37 109.6 75.6

0 ,9 0 0.361 0.35 108.8 73.1

0 .82 0.343 0.45 103.7 81.4

0.82 0.364 0.49 106.1 80.7

0.88 0.342 0.45 109.4 80.8

(X - 0.854; / = -0 .350; Y = 0.441. ■

**2 co" 107. 4 0 . 0 . ; [ E p ]  ,  79.7 0 . 0 .

= 27.7 0 , 0 .
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19» Hlokel aalloylaldoxlme la  dloxan.

100*2 ^12 ’ 12 “ d “ d

0 2.2071 0.97302 1.4204 8.0156

0.1866 2.2092 0.97217 1.4207 2.0184

0.3459 2.2110 0.97139 1.4210 2.0192

0.5057 2.2129 0.97115 1.4212 2.0198

0.6561 2.2144 0.97057 1.4214 2.0204

ACig/*g -Ayj_g/»g A op^ g ®2 w

m»

1.13 0.456

mm

0.43 109.7 68,6

1 .13 0.471 0.46 108.2 69.3

1 .15 0.370 0.44 118.9 76.1

1 .11 0.373 0.43 116.6 75.3

1.127; /  = —0.401; Y =  0. 437.

Pg - 115.
^  00

11 0 . 0 .  ; [Bpj = 73.6 0 . 0 .

= 41.5 0. 0.
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20. Hiokel bengene>80-Be»a»e»ol in bensene

lOOWg 4 s ’ 12
0 2.2725 1.14479

0.5086 2.2771 1.14258

1.0128 2.2810 1.14056

1.4821 2.2853 1.13860
2.0250 2.2903 1.13620

2.2213 2.2923 1.13570

A ^ 12/*fg ®2

0 .90 0.434 174.2

0 .86 0,418 170.7
0 .88 0.418 172.6

0.88 0.424 172.8

0.89 0.409 175.4

Owing to  the in tense ooloar of the eo la tio n s , no 

re frao tiv e  indices were meaaared.

X = 0.879; p = -0 .4176 .

2 g = 1 7 4 .6  0 . 0 .
® 00
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21. Blokel toenseneaso-g-pyrrole in bentent. 

lOOWg ^12 ▼ig

0 2.2725 1.14484

0 .2 7 5 6  2 .2 7 5 4  1.14354

0 .5 9 1 4  2 .2 7 7 2  1 .1 4 1 9 9

0.9517 2.2804 1,14000

1.2320 2.2820 1.13905

1.6891 2.2857 1.13635

mm mm

( 1 . 04) 0.472 (158.9)
0 .80 0.482 V 138.3
0.83 0.509 137.6

0.77 0.470 137.9
0.78 .#A ■ Ô.503 134.4

Owing to the in tense colour of the so lu tions, no 

re f ra c tiy e  indices were measured.

«  = 0 . 7 9 1 ; y f  = - 0 . 4 9 0 9 .

Pg^ - 137.1 o .c .
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22. Aluminium d ie th y l aalonate in  bensene.

lOOw^g ^12 ’ 12
0 2.2725 1.14500 1.4982 2.2446

0.8741 2.2794 1.14206 1.4980 2.2440

1.5905 2,2841 1.14032 1.4978 2.2434

1.9940 2.2878 1.13929 1.4977 2.2431

2.5179 2.2908 1.13773 1.4977 2.2431

3.0793 2.2962 1,13622 1.4977 2.2431

^ 1 2 ^ * 2  / " A a p ^ / * g  P g  [R p ]

0.78 0.291 0.07 202.5 113.0

0.73 0.294 0 .07 196.4 118.6

0 .77 0.289 0,07 201.2 121.0

0.73 0,285 0.06 196.9 116.6

0.77 0.286 0.05 201.4 119.9

= 0.754» p = -0 .2882; y  = -0 .0 6 6 .

= 200.3 O.O.; [Bp] = 120.4 0, 0.

= 79.9 0 .0 .



in  dloxan.

lOOWg ’ 12 “d

0 0.97408 1.4197

0.7813 0.97294 1.4217

1.5380 0.97179 1.4237

2.3475 0.97063 1,4258

3 .0544 0.96956 1.4277
3.6023 0.96872 1.4291

4.2263 0.96784 1.4309

- -Av^g/wg Anp /wg

0.147 0.73

mm
72.92

0.149 0.741 72.99

0.147 0.741 73.02

0,148 0.746 73.10

0,149 0.744 72.91

0.148 0.743 72.87

P = -0 .1483; y -  0 .743.

[R d] = 73.25 0 .0 .

“ d

2.0155  

2.0212  

2 .0 2 6 9  

2 .0 3 2 9  

2 .0 3 8 3  

2 .0 4 2 3  

2 .0 4 6 9
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DISCUSSION OF RESULTS.

S e c tio n  1 . S v a lu a tio n  o f S le o tro n io  P o la r is a t io n s *

The in te n s e  co lo u r o f the  s o lu t io n s  y ie ld e d  by maqy of th e  

compounds stu d ied #  which n e c e s s i ta te d  th e  use of v e ry  d i lu t e  

so lu tio n s#  l e d  to  co n s id e ra b le  p o s s ib le  e r r o r s  i n  the  r e A ra c t iv i ty  

m sLSuremnts# and# i n  view o f th is#  an a tte m p t was made to  check the  

ejqperim ental f ig u r e s  by c a lc u la t in g  [R^j from the  a p p ro p ria te  bond 

r e f r a c t io n s *  These c a lc u la t io n s  were# however# o o n p lic a te d  by th e  

f a c t  th a t#  in  every  case# th e  m olecule of th e  o rg a n ic  compound 

e n te r in g  in to  th e  fo rm a tio n  of a  complex c o n ta in e d  a  ^ s te m  o f 'te 

co n ju g a ted  s in g le  and double bonds* The p resen ce  o f  such a  system  

in  the m olecule le a d s  t o  an enhancem ent o f th e  m olecu lar re  f r a c t i o n  

by a n  amount which i s  d i f f i c u l t  to  p r e d ic t  % in  th e  case of
A

s a llo y la ld e t^ d e #  tlie d if fe re n c e  betw een th e  observed  value  found  by 

C urran  ( l )  and t h a t  c a lc u la te d  from  th e  bond r e f r a c t io n s  g iv en  by 

Vogel and h i s  co -w orkers (2 ) i s  a b o u t 2 o*o.# w h ile  f o r  l% )-d ip h e n y l-  

)'*hydroxy triaeene#  th e  d isc rep an cy  i s  abou t 10 c*c* As bo th  th e se  

conpounds a re  c o lo u rle ss#  th e  d i f f e r e n c e s  cannot be caused by 

d is p e r s io n  e f f e c t s .

The v a lu e  o f  th e  m o lecu lar r e f r a c t i o n  of pure  sa lic y la ld é h y d e  

o b ta in e d  by C urran  was used  to  c a lc u la te  th e  m o lecu la r r e f r a c t io n s  

o f sa lic y la ld o x im e  and sa liçy lid en em eth y lim in e#  which p o sse ss  s im i la r  

c o n ju g a tin g  ^ ste rn s#  and de Gaouok and Le F e v re 's  value f o r  th e  

m o lecu lar r e f r a c t i o n  o f s a l ic y l id e n e a n i l in e  i n  bensene 0 ) was used  

to  c a lc u la te  th e  m o lecu la r r e f r a c t io n s  o f th e  s u b s t i tu t e d  a n i ls *  The
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r e f r a o t i v i t y  of l :) -d ip h e ry l-$ -h y d ro % y tr ia z e n 8  was m easured d i r e c t l y  

i n  s o lu t io n  i n  dioxan» s in c e  t h i s  was the  so lv e n t i n  which p o la r i s a t i o n  

m easurem ents were made on the complex#

No f ig u r e s  a re  a v a i la b le  which in d ic a te  th e  c o n tr ib u t io n  to  the  

m o lecu la r r e f r a c t io n  made by the  fo u r  bonds to  th e  c e n tr a l  m etal 

atom# In  o rd er to  check th e  ex p erim en ta l f ig u re s#  th e re fo re #  t h i s  

c o n tr ib u t io n  was c a lc u la te d  f o r  each  of th e  copper complexes# The 

r e s u l t s  a re  g iv en  i n  Table 1# to g e th e r  w ith  Finn# Hampson and S u t to n 's  

r e s u l t s  from m easurem ents on two s o lu t io n s  o f  copper ace ty  lac e  to n s  te  in  

oh lo ro fo rm  s o lu t io n  (4)# the^R^j o f a c e ty lao e to n e  b e in g  c a lc u la te d  from 

r e f r a c t iv e  index and d e n s ity  d a ta  g iv en  in  the  " i n t e r n a t i w a l  C r i t i c a l  

T a b le s " .

Table I#

Coraplex-form ing compound# E xperim ental [r^ ] o f com plex- C o n tr ib u t-
;• rorm ing oonpounds ion  o f 4o f complex.

bonds to
copper
atom#

1 :3  -d ip h e  ry  1-3 ««hydroxy- 
^ tr ia a e n e #

134.9  o#c# 72.2  0 . 0 . 13.8

S a liq y l  id s ne a n il in e # 138.3 66.4 9 .1

Sal i  oy l ide  ne-j^-ohl o r -  
a n il in e #

U 5 .9 71.2 6 .9

S al icy lid en e -£ -b ro m - 
a n il in e #

153.1 74.1 8 .3

S a l io y l  ide  ne- £ - i  odo- 
a n ilin e #

168.1 79.3 12 .9

S al io y l  ideneme thy  lim in e . 91 .4 4 1 .5 11 .9

S a lic y la ld é h y d e . 82 .1 54 .4 16.6

S a l ioyl aldoxime# 79.7 5 8 .9 3 .2
Âce ty la o e  tone# . 65.7 27.5 14.1
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The v a r i a t io n s  in  th e  v a lu e s  fo r  th e  c o n tr ib u t io n  to  the  m o lecu lar 

r e f r a c t io n  o f the  fo u r  bonds to  the copper atom  are  f a r  o u ts id e  the  e x p e ri. 

m ental e r r o r  invo lved  i n  th e  measurements# A ll the  compounds mej/nioned 

in  Table 1 are  ex trem ely  in te n s e ly  coloured# form ing s o lu t io n s  which 

a re  e i t h e r  d a rk  brown o r d a rk  green i n  co lour#  The wide v a r ia t io n s  are  

e v id e n tly  due to  the  f a c t  t h a t  r e f r a c t iv e  in d ic e s  have anomalous v a lu es  

when the  measurements a re  made i n  or n ear an a b so rp tio n  band# and normal 

methods o f  m e a s u r i n g a r e  th e re fo re  n o t a p p lic a b le  in  th e se  cases# 

Accordingly# v a lu e s  o f [rJ  have been c a lc u la te d  f o r  th ese  oonplexes# 

u s in g  f o r  th e  c o n tr ib u tio n  made by the  bonds t o  a  copper atom th e  

ap p ro x im ate ly  median v a lu e  o f  12 c#c# The co rresp o n d in g  c o n tr ib u tio n  

made by fo u r  bonds to  a  n ic k e l  atcm h a s  been assumed to  be o f  th e  same 

magnitude# s in c e  th e  n ic k e l  atom p o s s e s se s  only  one l e s s  e le c t r o n  than  

th e  copper atom; and bonds between a  m etal atom and e i t h e r  an oxygen o r 

a  n i tro g e n  atom have been assumed t o  make equal c o n tr ib u tio n s #  The 

value o f 70#0 o#c* f o r  the  m o lecu lar r e f r a c t i o n  o f benseneazo-£-*cresol 

h a s  been  c a lc u la te d  from  de Gaouck and Le F S v re 's  r e s u l t s  f o r  s a l i -  

cy l ide  ne-a n i l in e #  s in c e  th e  two otxx^ounds have c lo s e ly  s im ila r  system s 

o f co n ju g a ted  bonds i n  t h e i r  m olecules; b en zen ea2 o -£ -c reso l i t s e l f  i s  

too h ig h ly  co lo u red  to  g ive  a  s a t i s f a c to r y  v a lu e  by d i r e c t  measurement#

A much h ig h e r  f ig c re #  87 .4  c#c## i s  o b ta in ed  i f  the  m o lecu la r 

r e f r a c t io n  i s  c a lc u la te d  from  Bergmann and W eismann's m easurem ents on 

£-m ethoxyasobensene (3 ) ;  t h i s  i s  obv iously  in  e r r o r  as th e  m olecu lar 

r e f r a c t i o n  o f the complex# c a lc u la te d  on t h i s  b asis#  i s  c o n s id e ra b ly  

g r e a te r  them the  m easured v a lu e  o f th e  m o lecu la r p o la r i s a t io n #  The 

e r r o r  i s  p ro b ab ly  due to  th e  deep o ran g e -red  co lo u r o f th e  s o lu t io n s  

o f th e  a s 0- compound#



The m o lecu la r re f t* a c tio n  o f ben zen e az o -2 -p y rrole has been c a lc u la te d  

from t l ia t  o f s a l ic y l id e n e a n il in e #  u s in g  Cowley and P a r t in g to n 's  v a lu e  

f o r  th e  m o lecu la r r e f r a c t io n  o f p y rro le  ( 6 ) ,  T h is g iv es  a  v a lu e  of 

33*4 c .o .  f o r  th e  m olecu lar r e f r a c t i o n  of th e  azo-oompound; however# 

t h i s  in c lu d e s  no c o r re c t io n  f o r  th e  change in  th e  number o f  bonds in  th e  

con juga ted  sy stem . By analogy w ith  sa l io y l a ldehyde # t h i s  c o r r e c t io n  

w i l l  p robab ly  be r a th e r  l e s s  th a n  2 o .c .#  and a va lue  o f  1 .3  c .o .  has been 

assumed.

These r e s u l t s  have been  used in  the  co m p ila tio n  o f th e  fo llo w in g  

t a b l e .
Table I I .

Compound. N ' ^A*
Aluminium a c e ty l  ace to n a te . 1 )3 .2  0 .0 . 88 .0  o .c . 45 .2  c .o

F e r r ic  a c e ty la o e to n a te  $ 151.4 98.8 5 2 .6

F e r r ic  d ibensoyIm ethane. 317.5 226.1 91 .4

B eryllium  dibenzoy  Ime th a n e . 185.1 156 .0 29 .1

Cqpper l :3 - d i p h e r y l - ) -  
h y d ro x y tr ia z e n e .

167 .0 153 .0 1 4 .0

Copper s a l iq y la ld e h y d e . 153.7 86 .4 67.3

Copper s a l  io y lid en em eth y l-  
im ine .

153 .0 91 .6 61 .4

Cc^per s a l ic y l id e n e a n i l in e . 265 .9 141 .4 124.5

Copper s a l ic y l id e n o r£ -  
o h lo r a n i l in e .

204 .4 15 1 .0 5 3 .4

Copper 8 a lio y l id e n e -£ -  
b ro m a n ilin e .

2 (9 .4 15 6 .8 4 6 .6

Copper s a l io y l id e r » - £ -  
io d o a n i l in e .

222.2 169.2 5 3 .0

Copper sa liq y la ld o x im e . 107.4 86.4 21 .0
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N ickel sa lio y la ld o x im e . 113.1 86 .4 28 .7

N ioke l-benzeneazo -£ -c re  s o l . 174.6 148.6 2 6 .0

N ickel b en ze n ea zo -2 -p y rro le . 137.1 116.4 20 .7

Aluminium d ie th y l  m alo n a te . 200.3 120.4 79.9

S e c tio n  2 . Theory o f Atomic P o la r i s a t io n .

I t  h a s  been shown (7)# bo th  by c l a s s i c a l  methods and on the b a s i s  

of the  quantum th e o ry , t h a t  th e  r e f r a c t iv e  index of a  su b s ta n c e  v a r i e s  

w ith  th e  frequency  a c c o rd in g  to  a  r e la t io n s h ip  of the  S e llm e ie r  ty p e , 

which may be w r i t te n  i n  th e  form :

-  ®ei ^  -

where n i s  the  r e f r a c t i v e  index a t  frequency  z / ,  th e  n a tu r a l  f re q u e n c ie s , 

e le c t r o n ic  and v i b r a t io n a l ,  a s s o c ia te d  w ith  the m olecu le , b e in g  

re p re s e n te d  by th e  term s w h ils t  e^^ and m̂ ^̂  a r e ,  r e s p e c t iv e ly ,  the  

e f f e c t iv e  charge and th e  e f f e c t iv e  mass o f the v ib r a t in g  system  fo r  a 

p a r t i c u l a r  freauency  W iils t  e^^  ̂ and m^^ a re ,  r e  ̂ a c t i v e l y ,  the 

e f f e c t iv e  charge and th e  e f f e c t iv e  mass o f  th e  v ib r a t in g  ^ s te m  f o r  a  

p a r t i c u l a r  Arequenoy In  t h i s  e q u a tio n , the te rm  Nd/M g iv es  th e

number o f m olecu les p e r  u n i t  volume o f  the  r e f f a o t in g  m a te ria l#  The 

f i r s t  sum nation term  re p re s e n ts  th e  c o n tr ib u tio n s  from  th e  e le c t r o n ic  

v ib r a t io n s ,  and the  second th e  m o lecu la r v ib r a t io n a l  te rm s. In  th e  

f i r s t ,  th re e -d im e n s io n a l v ib r a to r s  a re  concerned, b u t  in  th e  second , th e  

v i b r a t o r s  a re  one-d im ensiona l; t h i s  a c c o u n ts  f o r  th e  in c lu s io n  o f th e  

f a c t o r  3 i n  the denom inator o f  th e  second  term .
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At o p t ic a l  w aveleng ths, ia  mu oh l a r g e r  than  f o r  a  v ib r a t io n a l

frequenoy , a s  these  ooour i n  the  in f r a - r e d  re g io n  o f th e  spectrum , and
2

the c o n tr ib u t io n  made to  n -  1 by the  v ib r a t io n a l  frequenoy  th u s

2 2approx im ates to  -Nde^^ , S ince f o r  th ese  v ib r a t io n s

i s  la rg e  r e l a t i v e  to  th e  co rresp o n d in g  v a lu e  f o r  the  e le c t r o n ,  t h i s  term  

i s  n e g l ig ib le  conpared w ith  the e le c t r o n ic  term s a t  th e se  w aveleng ths.

But Pg + -  1 M

3 d 

2 , 2 - M
«

where n i s  th e  r e f r a c t iv e  index a t  in f r a - r e d  f re q u e n c ie s , n^ the

r e f r a c t iv e  index  a t  i n f i n i t e  w avelength , c a lc u la te d  from  th e  S e llm e ie r

2e q u a tio n , o m ittin g  i n f r a - r e d  te rm s, and i s  the c o n tr ib u t io n  made 
2

to  n -  1 by a  p a r t i c u l a r  v ib r a t io n a l  te rm . Then 

p .  + p . = p .  + < T -n u .^

3d
2 2 2 

and th e re fo re  M = ^ ^ e i  ^  “ ^ e i
%

5d , . 3d

where P . i s  th e  c o n tr ib u t io n  made by t h i s  v ib r a t io n  t o  th e  atom ic 
Ai

p o l a r i s a t i o n .

Now i f  th e  r e s to r in g  fo rc e  o f the  v ib r a t io n  in  q u e s t io n  obeys 

H ooke's Law, and i s  p ro p o r t io n a l  to  th e  d isp lacem en t from the  

e q u il ib r iu m  p o s i t io n ,  i . e . ,  i f  th e  v ib r a t io n  i s  harm onic, then  fo r  an 

independen t l in e a r  o s c i l l a t o r ,  may be exp ressed  a s  fo llo w s ;

a 1 
T r r



where i s  th e  fo rc e  c o n s ta n t f o r  the v ib r a t io n ,  t h a t  i s ,  the 

p r q p o r t io n a l i ty  c o n s ta n t  r e l a t i n g  the  r e s to r in g  fo rc e  o f the  

v ib r a t in g  system  to  i t s  d isp lac em e n t•

I t  fo llo w s , th e n , th a t

= '‘i  .

I T
whence, s u b s t i tu t in g  i n  e q u a tio n  ( 1 ) ,  we have

Pa^ .  ^

9 ^ i

I t  h a s  b een  p o in te d  o u t by Van V leck t h a t  f o r  l i n e a r ,  o r  

s t r e tc h in g ,  v ib r a t io n s ,  even  i f  e^^ i s  e q u iv a le n t to  a  f u l l  e le c t ro n  

charge , th e  fo rc e  c o n s ta n t i s  so la rg e  t h a t  the  c o n tr ib u t io n  to  th e  

atom ic p o l a r i s a t i o n  from v ib r a t io n s  of t h i s  k ind cannot be more th an  

0 .3  c .o .  p e r  v ib ra t io n a l  mode, a t  the most* The u n u su a lly  h i ^  v a lu es  

of the  a tom ic  p o la r i s a t i o n  which have been  observed must th e re fo re  be 

due a lm ost e n t i r e l y  to  the bending v ib r a t io n s  of the  m o lecu le , fo r  

which th e  fo rc e  c o n s ta n ts  a re  m u (^ 'sm a lle r .

Now th e  energy , u ,  o f a  harm onic o s c i l l a t o r  i s  g iv en  by th e
. /

e x p re s s io n

1 1 2U a i  kĵ X ,

X re p re se n tin g  th e  am plitude o f th e  v ib ra tio n *  For a  bending 

v ib r a t io n  of sm all an g u la r am plitude  ^  ,  x may be re p la c e d  by r  , 

where r  i s  th e  e f f e c t iv e  le n g th  o f  th e  v ib ra to r*  Then

u * ^  ^ .............................................................. (2 )

I f  a  bend ing  fo rce  c o n s ta n t , V^, i s  chosen , such th a t  

u  .  i  Y i 'Ÿ  ^



th a n , from a q u a tio n  (2 ) ,

' i  ■ “ i ' " -

and th e  c o n tr ib u t io n  to  th e  atom ic p o la r i s a t io n  i s  th e re fo re

But e^j^r i s  equal to  th e  d ip o le  moment o f th e  v ib r a t in g  s y s te m ,^ ,  

80 t h a t

Pa » 4 tt N ju^ . # . . . ( ) )

^ 9Vi

Thus, i f  the  atom ic p o la r i s a t i o n  of a  m olecule i s  known, qnd i f   ̂

i t  may be a t t r i b u t e d  e n t i r e l y  to  one p a r t i c u l a r  v ib r a t io n  o r to  se v e ra l 

eq u a l and independent v ib r a t io n s  o f th e  same ty p e , and i f  th e  group 

moment o f the  v ib r a t in g  system  i s  known, o r  may be e s t im a te d , th e  fo rce  

c o n s ta n t o f th e  v ib r a t in g  system  may be c a lc u la te d #

In  th e  d is c u s s io n  t h a t  fo llo w s, th e  c h e la te  r in g s  o f  th e  m etal 

complexes  have each been c o n sid ered  a s  v ib r a t in g  a s  a  w hole, r a th e r  th an  

a s  a  group o f v ib r a t in g  system s, and i t  h as  been assumed i n  each case 

t h a t  the  moment of the  r in g  a c t s  i n  a  d i r e c t i o n  b is e c t in g  th e  ang le  

betw een th e  two bonds to  th e  m etal atom. The form er assum ption  i s  

J u s t i f i a b l e ,  s ince  a l l  th e  r in g s  c o n s id e red  a re  re s o n a t in g  s t r u c tu r e s ,  

and a re  th e re fo re  p la n a r  ; a l l  are under a  c e r ta in  amount o f s t r a i n  and 

acco rd in g ly  a re  more or l e s s  r i g i d .  The second a s s u a p tio n  i s  c e r t a in ly  

tru e  f o r  th e  a ce ty lac e to n e  and dibensoy Ime thane r in g s ,  which are  

sym m etrical s t r u c tu r e s .  I t  i s  p robab ly  e q u a lly  J u s t i f i a b l e  in  th e  case 

o f  copper s a l ic y la ld é h y d e , f o r  which two resonance  s t r u c tu r e s  may be 

w r i t te n :



H

C C lX  (X"X
n e g le c tin g  f o r  t h i s  purpose resonance  w ith in  th e  benzene n u c le u s . I t  

i s  p robab le  t h a t  th^-^a^ ,struc tu res w il l  make eq u al or n e a rly  e q u a l, 

c o n tr ib u t io n s  in  th e  fo rm atio n  of th e  resonance h y b rid , so ü ia t  tiie 

two 0-Cu bonds w i l l  be of n e a r ly  equal p o l a r i t y ,  a s  w i l l  a ls o  th e  

two C-0 bonds.

For a. r i n g  such a s  th a t  of copper s a l  i  cy 1 ide  name th y l im ine, in  

which b o th  oxygen and n itro g e n  a re  bonded to  copper, s im ila r  

c o n s id e ra tio n s  a p p ly . ‘Ilie two re le v a n t  resonance  s t r u c tu r e s  are  

a s  fo llo w s : ^

(I) (I.)
Of th ese , ( I )  w i l l  make a somewhat la r g e r  c o n tr ib u t io n  th an  ( I I )  ; 

conpounds c o n ta in in g  a c o v a len t bond between copper and n itro g e n  

e x i s t ,  f o r  example copper be n ze ne azo-2-nap h th y  lam ine , and copper 

benzene as 0- 2- p y r r o le ,  bu t th ey  a re  only m odera te ly  s ta b le  in  com parison 

w ith  compounds such a s  th e  ace ty la o e  to n a te  s , most of which may be 

sublim ed w ith o u t d e co o p o s itio n . However, th e re  w i l l  be a  c o n s id e ra b le  

c o n tr ib u t io n  from  ( I I ) ,  w ith  th e  r e s u l t  th a t  b o th  th e  0-Cu and the 

M-Cu bonds w i l l  be h igh ly  p o la r ;  th e  moments o f th e  C-0 and the  C-N 

bonds w i l l  be approx im ate ly  the  same, and th e  d i r e c t io n  o f  th e  

r e s u l ta n t  r in g  moment w i l l  n o t d i f f e r  g r e a t ly  from  t h a t  of a  l in e  

b is e c t in g  the  0-Cu-N valency a n g le .

S im ila r  c o n s id e ra tio n s  a p p ly  to  th e  o th e r  compounds on which 

measurements have been made.



A more p re c is e  j u s t i f i c a t i o n  of th e s e  assum ptions may be 

made i f  th e  method o r ig in a te d  by B a rr io l  and R égn ier, (8 ) ,  f o r  

the d e r iv a t io n  o f an e x p re s s io n  f o r  th e  atom ic p o la r i s a t io n s  of 

m olecu les of s l i p l e  geom etric  shape, i s  a p p lie d  to  th ese  m o lecu le s .

C onsider f i r s t  an im ag inary , t r a n s  p la n a r  m olecule,
■ X

Z - X - Z ,

X
in  which th e  T atoms each c a r ry  an e f f e c t iv e  charge o f +e^, and 

the Z atoms an e f f e c t iv e  daarge of +eg; the  e f f e c t iv e  charge on 

the atom  X i s  consequen tly  -2(ej^ + e ^ ) .

I f  a  f i e l d  F i s  a p p l ie d  to  t h i s  m olecule i n  a  d i r e c t i o n  p a r a l l e l  

to  th e  bond, th e  r e s u l t  w i l l  be t h a t  th e  X-Tj  ̂ bond w i l l  be

extended  by a  c e r t a in  d is ta n c e  a , and th e  X-Yg bond w i l l  be 

sh o rte n ed  by a  sn d la r  am ount. The X-Z^ and X-Zg bonds w i l l ,  however, 

undergo no a p p re c ia b le  change in  le n g th , b u t  the  atom s Z  ̂ and Zg

w i l l  be d is p la c e d  tow ards so t h a t  th e  a n g le s  Y^-X-Z^  ̂ and

T^-X-Zg a re  each d e c rea se d  by an equal amount 0 ^ ,  and the  a n g le s  

Tg-X-Z^ and Yg-X-Zg a re  in c re a s e d  by th e  same amount. The p o te n t ia l  

energy, u , o f th e  m olecule in  tiie f i e l d  i s  th e re fo re  g iv e n  by;

u  a 2 X ^ ^ a ^  + 2xÿy 8 ^ ^  = k^a^ + V 0 ^ ^ ,

where k^ i s  th e  s t r e tc h in g  fo rc e  c o n s ta n t o f th e  X-Y bond, and V

i s  th e  bend ing  fo rc e  c o n s ta n t  of th e  X-Z bonds in  the plane o f  

the  m olecu le .

At the  same tim e, the e l e c t r i c a l  work done by th e  f i e l d ,  

w, i s  given by :

w a 2Fe^a + 2FogRg 0 ^ ,



n.s)5,

where i s  th e  le n g th  o f the  X-Z bond#

Now S u / ^ a  must equal ^ w /  à a ,  so th a t  

2k^a a 2Fe^t 

and th e re fo re

a a Fe.

A lso, ^ u /  a c)w/c)^j^, and th e re fo re

2V ,  a 2FSgRg, 

whence 0^, a  Fe^R^

V

The induced  moment i s  th u s  g iven  by;

2R 2^1«2 "  2 ^ . /  ^ 2 F . g V

Then, since  th e  p o l a r i s a b i l i t y ,  a long  t h i s  a x is  i s  given

by m/F,

' '^ - 'W r V

S im ila r ly ,  i f  th e  f i e l d  i s  a p p lie d  i n  a  d i r e c t io n  p a r a l l e l  

to  th e  X-Z^ iond,

/ j  ■ ,
r

idiere kg i s  the s t r e tc h in g  fo rc e  c o n s ta n t  o f  the  X-Z bond. The 

fo rc e  c o n s ta n t f o r  th e  bending v ib r a t io n s  of the X-Y bond in  the p lane  

o f th e  m olecule w il l  be e s s e n t ia l l y  th e  same a s  t h a t  f o r  th e  X-% bond, 

s in c e  bo th  modes of v ib r a t io n  invo lve  d i s t o r t i o n  o f th e  Y-X-Z a n g le .

I f  the f i e l d  i s  a p p lie d  in  a  d i r e c t i o n  a t  r i g h t  a n g le s  t o  th e  

p lane  o f th e  m olecu le , th e re  i s  no a p p re c ia b le  change in  th e  le n g th s  o f
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the  bonds, but th e  X-T bonds w ill  be b e n t t h r o u ^  an an g le  8 g, and 

the X-Z bonds th rough  an angle  0 ^ #

Th*n u = 2 X 2 ^ + 2 X 0  Q z * Vg' ^  3^

and w = SFe^Ry ô g  + 2FegR^ Q y  

where and Vg/ a re  the bend ing  fo ro e  c o n s ta n ts  of th e  X-T and 

X-Z bonds r e s p e c t iv e ly ,  f o r  v ib r a t io n s  a t  r i g h t  a n g le s  to  the  p lane 

o f th e  m o lecu le .

Then; s in c e  à u / à 0 g  « à w /à ô g ,  and a ls o  » à w / à ^ j ,

2Y^* ô g  « 2Fe^Ry, and 27g’ 0 j  « 2FSgRg ^

whence 0 g = Fe^R^, and = FCgR^

^2*

Hence th e  induced  mm&ent i s  g iven  by:

m a 2Ry e 2’ 1 2R. ÔZ " 3  2

a 2 F e ^ ^ ^  + 2F«2^ r /

^2*

and th e  p o l a r i s a b i l i t y  along t h i s  a x is  i s  then

^ 3  ' . Ü i V  +

The mean p o l a r i s a b i l i t y  o f  th e  m olecule i s  g iven  by th e  meem of the

v a lu e s  a lo n g  th re e  axes a t  r ig h t  a n g le s , i . e . .

2 8 ,"  + 2e» - + 2®i“Hy‘' + 2 0 2 ^ 2 ^  + 4,

^2 ’

But Sj^Ry a  and 02R2 = yug» where and a re  r e ^ e o t iw e ly



the  bond moments of th e  X-T and the  X-Z bonds#

Now P. = AzrN y  ,
T

and th e r e fo re

« BirNê  ̂ + 8-TrNeĝ  + 8 7r N - f  SïTNyû  ̂ + 8ttN + STrNyû ^

9k^ 9Kg 9V 9v 9 ? ^ ' 9Vg'

In  t h i s  e x p re ss io n  f o r  the  atom ic p o l a r i s a t i o n ,  th e  f i r s t  two 

term s r e p r e s e n t  th e  c o n tr ib u t io n s  from  th e  s t r e tc h in g  v ib r a t io n s  o f  th e  

X-T Gmd th e  X-2 bonds r e ^ e c t i v e l y ,  th e  t h i r d  and fo u r th  te rm s  the  

c o n tr ib u t io n s  from ben d in g  v ib r a t io n s  i n  th e  p lan e  o f  th e  m o lecu le , and 

the  f i f t h  and s ix th  term s th o se  from bending  v ib r a t io n s  o c c u rr in g  a t  

r ig h t  a n g le s  t o  th e  plane# The term s in v o lv in g  th e  s t r e tc h in g  

v ib r a t io n s  w i l l  be v e ry  sm a ll compared w ith  the  rem aining  te rm s . F u r th e r , 

the fo rc e  c o n s ta n t V f o r  b en d in g  in  th e  p lane  o f the  m olecule w il l  be 

la rg e  a s  oos^ared  w ith  and Vg' f o r  bend in g  a t  r i g h t  a n g le s  to  t h i s  

plane# Hence, under th e se  c o n d itio n s , the  only s ig n i f ic a n t  term s in  

the e x p re s s io n  are  the  f i f t h  and s ix th  te rm s, and 

P i  » * 8TTN ^

I f  th e  T and Z atoms are  now assumed to  be l in k e d  to g e th e r  in

p a i r s ,  so a s  to  form  two s im ila r  r in g s ,  which a re  f a i r l y  r i g id ,  so

t h a t  a s  a  f i r s t  sp p rox im ation  they  can  be reg a rd ed  a s  v ib r a t in g  a s  a

w hole, th e re  a re  only  two independent v ib r a to r s  in s te a d  of four#  I f ,  in  

one of th ese  r in g s ,  the atoms T and 2 are  su b je c te d  to  equal 

m echaniced f a r c e s ,  and i f  they a re  d ep re ssed  r e s p e c t iv e ly  th rough  

a n g le s  6 ^  Og# then  V^' 0 ^  ^ Yg' .  # # (1 )
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and th e  b is e c to r  o f the  ang le  Y-X-Z w i l l  be d e p re ssed  through an ang le  

0 ,  g iven  by 9  = (6^ + 0 ^ ) /  > /T  . . . .  (2 )

Then t i e  a p p a re n t  fo rc e  c o n s ta n t ,  V ', a long  t h i s  "ax is"  o f th e  r in g ,  

w i l l  be such th a t  ^  V' 6  ^ ^  ^  Vg' ^ ^ * • (5 )

From (1 ) , we have

9
“ ■ V  .9l.

From

^2 '

and th e n c e , by s u b s t i t u t i o n  in  ( ) ) ,

- V j * 0

^2’

T h ere fo re  *  V  /  1 + V^' \  o y ^ ' ,

^2*

or V .  ZV.'Vg' . ,  . . (4)

y , '  .  Vg'

T his e q u a tio n  may n o t be so lv ed  com plete ly , bu t i t  may be a p p lie d  i n  

c e r t a in  s p e c ia l  c a se s ;

Case 1 # V^' = Vg'e

' This a p p l ie s  to  th e  ace ty la o e  to  n a te s  and the  d ibensoy Ime thane 

conp lexes;

In  t h i s  c a se ; V' = V^' + Vg' #

The e jq ^ ressio n  fo r  th e  a tom ic  p o la r i s a t i o n  th en  red u c es  t o :



# . 9 a

Pa •  iZ U L  ( P i  + f z  )
91' 2

“ ®'^” A*res .
9V»

whore i s  th e  r e s u l t a n t  moment o f th e  c h e la te  r in g .

£ E 5 1 3 l

T his a ls o  h o ld s  e x a c tly  f o r  the  cotqplexes o f  a c e ty la c e to n e  and 

d ib en  soy im ethane, and i s  spp rox im ate ly  t ru e  f o r  a l l  th e  com plexes 

considered#

Under th ese  c o n d itio n s .

Pa *

9

But, from  e q u a tio n  (4 ) ,  we have

and th e re fo re  P . « 8*rrN p . 2 
r e s

9V'
V j#r

In  t h i s  c a se , th e  d i r e c t io n  o f th e  r e s u l t a n t  moment i s  a lo n g
- '

th e  b is e c to r  of th e  angle X— 2^#

Case 3# I f  the  p la n e s  of th e  c h e la te  r in g n  j  _X-2 and Y^-X-Zg
""" 1 1  d d
bend on ly  about th e  l i n e  b is e c t in g  the  an g les  Y^^-X-Zg and Yg-X-2^# 

Since a l l  th e  c h e la te  r i n g s  c o n sid e re d  a re  s tra in e d  to  some e x te n t ,  

t h e i r  r i g i d i t y  w i l l  be such t h a t  t h i s  a s su n p tio n  i s  j u s t i f i a b le #

When th e  a p p lie d  f i e l d  i s  a c t in g  i n  a  d i r e c t io n  p e rp e n d ic u la r  to  

the  p la n e  of th e  m olecu le .
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u » 2 x - | - V ' 0 ^ * T *  0 ^ ,  

and w = 2 F ( e , V.^JZ 6 + e^Rg J ?  6  ) .

Then, s in c e  " à u /à  0  must equal à w /à 0  ,

2 V  = 2 / 2  F ( e^Ry + egRg )

= 2 / i  F ( ^  + yig)

= 2 F ; ,^ .

where l a  th e  ooinponent o f th e  r e s u l t a n t  moment o f  th e  o he l a t e  r in g

along  th e  b i s e c to r  o f th e  angle T^-X-2^.

T here fo re  0  * F yu^

r
The induced  moasnt m i s  g iven  ly :  ^

m =» 2 e^Ry 0 ^ 2  e^R^ Q

Jz Jz
^ J z  Ô ( e^Ry + SgRg ) 

= Æ ,8 ( / iy  + / ig  )

= 0 ^ ,

= Fyi

c
2

c

V

When th e  f i e l d  a c t s  a lo n g  e i t h e r  o f  the  o th e r  two a x e s , the 

p o l a r i s a b i l i t y  o f th e  m olecule i s  zero under these  c o n d it io n s , and 

the  mean p o l a r i s a b i l i t y  i s  th u s  g iv en  by:

3 - f

Hence = 8tt N 

9V*
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For th e s e  s p e c ia l  c a se s , th e n , t h i s  e x p re ss io n  f o r  the  atom ic 

p o la r i s a t i o n  i s  v a l id ,  and the  only d i f f e r e n c e s  viiioh a r i s e  are 

due to  the  v a r ia t io n  of th e  d ip o le  moment inv o lv ed  betw een the  t o t a l  

r e s u l t a n t  moment o f th e  c h e la te  r in g  and th e  component o f t h i s  moment 

a lo n g  the  b is e c to r  o f th e  angle In  the co n p lex es  which have

been  s tu d ie d , however, i t  i s  p robab le  t h a t  a l l  th re e  c o n d itio n s  

d is c u s se d  a re  approx im ate ly  f u l f i l l e d ,  and th e re fo re  no la rg e  e r r o r s  

a re  l ik e l y  to  be in tro d u c e d  by ta k in g  th e  d i r e c t io n  of ji a s  the 

b i s e c to r  of t h i s  a n g le .

Follow ing S u tto n  and h i s  co -w orkers, fo rce  c o n s ta n ts  have been 

e x p re sse d  i n  term s o f  e rg s /ra d ia n  /m o lecu le  throughout th e  d is c u s s io n  

t h a t  fo llo w s , r a th e r  th a n  in  th e  more u su a l u n i t s  o f dyne a /cm ., since  

the  fo ro e  c o n s ta n ts  u sed  in  th e  d e r iv a t io n  of th e  e x p re s s io n  fo r  

atom ic p o la r i s a t i o n  eu?e f o r  angu lar, r a th e r  than  f o r  l i n e a r ,  

d isp la c e m e n ts . I f  r e q u ire d , they may be converted  in to  th e  a l t e r n a t iv e  

u n i t s  by m u ltip ly in g  by the square o f  th e  e f f e c t iv e  le n g th  of th e  

v ib r a t in g  system . T h is le n g th  i s ,  however, an u n c e r ta in  q u a n ti ty  

when the  v ib r a t io n s  in  q u e s tio n  a re  th o se  of a r in g  s /s tem  : the u n i t s  

o f a n g u la r  d isp lacem en t a re  th e re fo re  to  be p r e f e r r e d .

S e c tio n  ) .  Six-membered c h e la te  r in g s ,  

j ^ i ) .  A c t^ la c e to n a te  a and r e la te d  compounds.

In  o rder t o  p ro v id e  a  lo g ic a l  e x te n s io n  of e x i s t in g  d a ta  on 

th e  atom ic p o la r i s a t io n  o f the c o o rd in a tio n  conpounds o f
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m e ta ls , m easurem ents have been made on a number o f conpounds 

which c o n ta in  the  g e n e ra l r in g  system s i n  which resonance can  occur 

betw een th e  s t r u c tu r e s  I  and I I .  ,

These compounds in c lu d e d  not only th e  ace ty la o e to n a te  s , b u t 

a ls o  d ibensoy  Ime thane and s a lic y la ld é h y d e  co n p lex es mf m e ta ls .

The m easurem ents on aluminium ace ty la o e  to n a te  were c a r r ie d  out 

a s  checks on th e  r e p r o d u c ib i l i ty  of r e s u l t s  o b ta in ed  w ith  th e  ^ p a r a t u s ,  

and a ls o  in  o rd e r t o  conpare th ese  r e s u l t s  w ith th e  work o f F inn,

Hampson and S u tton  ( lo c .  c i t . ) .  The m o lecu la r p o la r i s a t io n  of aluminium 

ace ty la o e  to n a te  in  benzene found in  the p re s e n t  work a g re e s  c lo s e ly  

w ith  t h e i r  f ig u r e ,  bu t th e  vailue found fo r  th e  r e f r a o t i v i t y  i s  abou t 

3 0 . 0 . low er th an  t h e i r s .  The two s e t s  of measurements made on 

d i f f e r e n t  epecim ens of t h i s  compound in  s o lu t io n  in  d io x an  agree w ith in  

the  l i m i t s  of the  ex p erim en ta l e r r o r .

F in n , Hampson and S u t to n 's  r e s u l t s  fo r  f e r r i c  a c e ty l  ace to n a te  g ive 

a somewliat low er va lue  f o r  than  t h a t  o b ta in ed  i n  t h i s  work, a f t e r  

c o r r e c t io n  h a s  been  made f o r  t h e i r  a r i th m e t ic a l  e r r o r  which r e s u l te d  

i n  an in c o r r e c t ly  low f ig u re  fo rjH j^  The c o rre c te d  f ig u re  i s  100 .8  o .c  

g iv in g  a s  47 .8  o .c .

ifeasurem ents were made on th e  ace ty  l a  ce to n a te  s of alum inium  and 

i ro n , and on the  dlbengoy Ime thane com plexes o f i r o n  and b e ry lliu m , in  

s o lu t io n  in  bo th  benzene and d io x an , in  o rd e r  to  a s c e r ta in  w hether or 

not m easurem ents made i n  th e se  two s o lv e n ts  were s t r i c t l y  com parable.

I t  was found i n  each case t h a t  the  v a lu e  o f th e  atom ic p o l a r i s a t i o n  

found in  d ioxan  s o lu t io n  was s l ig h t ly  h ig h e r  th a n  th a t  found in
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benzene s o lu t io n .  The sm all, b u t  d e f in i te  in c re a s e  was never more th an  

3 c .o .  In  th e  c a se  o f tîie d ibenzoy  Ime thane c o a p le x e s , the r e f r a o t i v i t y ,  

a s  w e ll a s  th e  m o lecu la r p o l a r i s a t i o n ,  showed an in c re a s e , which was 

q u i te  sm all (ab o u t )  o . c . ) f o r  th e  b e ry lliu m  compound, b u t l6  c .o .  fo r  

f e r r i c  dibenzoy Ime th a n e . No g r e a t  chsuige was, however, ap p aren t i n  the 

a tom ic  p o la r i s a t i o n  v a lu e . There i s  no obvious rea so n  f o r  th e se  in c re a s e s ,  

f o r  th ese  o onp lexes c o n ta in  no f r e e  hydroxyl o r am ino-groups, w hich would 

ten d  to  form hydrogen bonds w ith  dioxem m o lecu les , le a d in g  to  h ig h  v a lu e s  

o f the m o lecu lar p o l a r i s a t i o n .  W hile sm all in c r e a s e s  o f t h i s  k ind  are 

n o t uncommon, e s p e c ia l ly  f o r  p o la r  conpounds, th e  la rg e  in c re a se  found 

f o r  th e  f e r r i c  conp lex  i s  very u n u su a l. There i s  a  p o s s ib i l i t y  t h a t  some 

form of a s s o c ia t io n  w ith  th e  m o lecu les  of d ioxan  may occur, which h a s  an 

e f f e c t  upon th e  e le c t r o n ic  p o l a r i s a t i o n ,  b u t n o t th e  atom ic p o la r i s a t io n ;  

b u t th e re  i s  no r e a l  evidence fo r  t h i s ,  and a t  p re s e n t  th e  in c re a s e  rem ains 

u n ex p la in ed .

I t  was e v id e n t, th e re fo re ,  t h a t  any p re c is e  c o n p ariso n s  betw een 

a tom ic p o la r i s a t i o n  f ig u r e s  m easured i n  d i f f e r e n t  so lv e n ts  must be made 

w ith  some c a re ; the  use o f d io x an  a s  a  so lv e n t was, however, n e c e s s i ta te d  

on accoun t o f  th e  l im i te d  s o l u b i l i t y  o f many of th^ oonplexes i n  benzene. 

S ince the  c o r r e c t io n s  to  be a p p lie d  a re  not much l a r g e r  th a n  the  

ex p erim en ta l e r r o r ,  and moreover a re  d i f f i c u l t  to  p r e d ic t ,  they have 

been  m g le o te d  i n  th e  fo llo w in g  d is c u s s io n .

B eryllium  dibenzoy Ime thane was found t o  have an atom ic p o la r i  s a t io n  

o f 29 .1  C . O . ,  v ery  c lo se  to  th e  f ig u re  o f 28 .0  c . o .  f o r  b e ry lliu m  

ace ty la o e  to n a te ,  c a lc u la te d  by th e  method o f Smith and C lever don from 

th e  d a ta  g iven  by F inn , Hampson and Sutton ; the  s u b s t i t u t io n  o f phenyl 

groups f o r  m ethyl groups th u s  makes a n e g lig ib le  d if f e re n c e  to  th e



v ib r a t io n s  o f th e  r in g  in  t h i s  case* I t  was found, however, th a t  th e  

atom ic p o la r i s a t i o n  of f e r r i c  d ibensoyIm ethane was n e a r ly  40 o .c . h ig h e r  

than  t h a t  o f th e  co rre sp o n d in g  suxe ty la o e  to n a te .  There i s  a  p o s s ib i l i t y  

th a t  t h i s  in c re a se  may be b rough t abou t by s t e r l c  f a c to r s ,  the  la rg e  

s is e  o f  th e  phenyl group as conpared w ith  th e  m ethyl group p rev e n tin g  

th e  m olecule o f f e r r i c  dibenzoylm ethane from  assuming the  same 

sym m etrical s t r u c tu r e  a s  th e  ace ty la o e  to n a te .  The moments o f the bonds 

to  th e  m etal atom a re  so la rg e  t h a t  d i s t o r t i o n  th ro u g h  a v e ry  sm all 

angle would le a d  to  an e f f e c t  of ths m agnitude observed . There i s  no 

s ig n  o f such d i s t o r t i o n  i n  th e  b e ry lliu m  complex, but a s  i n  t h i s  case th e re  

a re  on ly  two c o o rd in a tin g  m olecu les o f dibenzoylm e thane  in s te a d  of th r e e ,  

form ing a  te t r a h e d r a l  s t r u c tu r e ,  an u n d is to r te d ,  sym m etrica l s t ru c tu re  

m ight be p o s s ib le  in  t h i s  c a se . The alum inium  complex o f d ib en zo y l­

me th a n e , which resem b les th e  f e r r i c  co sp lex  in  i t s  s t r u c tu r e ,  and th e  

copper ooxqxlex, whicd*!, b e in g  p la n a r  i n  c h a r a c te r ,  m ight have been 

ex p ec ted  to  undergo d i s t o r t i o n  of t h i s  k in d , were u n fo r tu n a te ly  too  

in so lu b le  f o r  p o l a r i s a t i o n  measurements to  be made.

There i s  a ls o  a  p o s s i b i l i t y  t h a t ,  f o r  some reaso n  which i s  no t 

c le a r ,  the c h a ra c te r  o f  th e  0-Fe bonds i n  th e  dibenzoylm e thane  coap lex
i .

d i f f e r  soraeidiat from th e  co rrespond ing  bonds i n  the ace ty la o e  to  n a te s ,
I ♦

w ith  the  r e s u l t  t h a t  bo th  the  e f f e c t iv e  r in g  moments and th e  fo rce  

c o n s ta n ts  f o r  th e  bonding v ib r a t io n s  a re  d i f f e r e n t  in  th e  two c a se s .

The unusua l changes in  t h e j j l J  va lue  o f th e  dibenzoylme thane coap lex , 

when d io x an  i s  s u b s t i tu te d  f o r  benzene, su g g e s t t h a t  th e r e  may e x i s t  

acxoe fundam ental d if fe re n c e  o f t h i s  k in d .

The com plexes o f s a lic y la ld é h y d e  c lo s e ly  resem ble th o se  of
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a c e ty la c e to n e  and dibenzoylm e th a n e , the  on ly  d if fe re n c e  in  th e  c h e la te  

r in g  be ing  t l i a t  one of the  bonds of th e  r in g  a ls o  forms p a r t  of a  

benzene n u c le u s . The atom ic p o la r i s a t io n  o f copper s a l ic y la ld é h y d e , 

however, i s  6? c * c .,  conpared  w ith  F inn , Hampson and S u t to n 's  f ig u re
. i-

o f 26 c.o#  f o r  b e ry lliu m  ace ty la o e  to n a te , th e  only compound w ith two 

c h e la te  r in g s  f o r  which th ey  o b ta in ed  r e l i a b l e  r e s u l t s .

The r in g  moments o f b e ry lliu m  ace ty la o e to n a te  and copper s a l i ­

cy la ldéhyde  are  not l i k e l y  to  d i f f e r  g r e a t ly ,  s in ce  the o rg an ic  p a r t s  o f 

the  r i n g s  a re  so n e a r ly  i d e n t i c a l .  Although the  p o la r i ty  o f th e  bonds 

in  the  copper complex, on account o f  th e  more e le c t r o p o s i t iv e  c h a ra c te r  

of b e ry ll iu m , t h i s  in c re a s e  w i l l  p ro b ab ly  be la r g e ly  o f f s e t  by the  

d if fe re n c e  i n  th e  o r ie n ta t io n  o f th e  c h e la te  r in g s .  The bonds to  the 

b e ry lliu m  atom a re  t e t r a h e d r a l ly  a rran g ed , each  making an an g le  of 

about 3 4 ^ w ith  the  aixis o f ^m m etry o f the  r in g ,  w hereas the  arrangem ent 

i n  th e  copper complex i s  sq u a re , so th a t  the  angle betw een th e  Cu-0 

bonds and the  r in g  moment i s  only 43^* The component o f th e  Be-O 

bond moment along the  a x is  o f  th e  r in g  i s  th e re fo re  somewhat sm a lle r  

th an  th e  co rre sp o n d in g  component in  the  copper coap lex .
'V

From the r e la t io n s h ip

P .  4^ » /
H  ------------  •

9 Vq

and c o n s id e r in g  in  each case a  m olecule w ith  two in d ep en d en t, bu t 

equal modes o f v ib r a t io n ,  we have 

V .  8 - ^ " /  .

9 P A
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I f ,  fo llo w in g  F inn, Hanpson and S u tto n , we tak e  the moment o f the

aoe ty la o e  to n a te  r in g  a s  7*3 D ., and assume t h a t  th e  moment of the

sa lic y la ld é h y d e  r in g  i s  o f th e  same m agnitude, th en  t h i s  r e la t io n s h ip

g iv es  a va lue  f o r  th e  fo rc e  c o n s ta n t  o f th e  bending  v ib r a t io n s  o f

—12 2b e ry lliu m  aoe ty la o e  to n a te  o f 3 .7  x 10" e rg / r a d ia n  /  m o lecu le , and, 

f o r  th e  v ib r a t io n s  o f copper s a l ic y la ld é h y d e , 1 .4  x lO"^^ e r g / r a d ia n ^ /  

m o lecu le . S im ila r ly ,  th e  r in g  moments in  alum inium  and f e r r i c  

ace ty la o e  to n a te  s must be v e ry  n ear to  th a t  f o r  the  b e ry lliu m  compound,

arui, u s in g  th e  same v a lu e , th e  fo rce  c o n s ta n ts  a re  found to  be
»12 «>12 2

3*2 X 10" and 2 .7  x lO" e rg / r a d ia n  /m o lecu le  r e s p e c t iv e ly .

The d if f e r e n c e  i n  th e  a rrangem ent of th e  c h e la te  r in g s  in  th ese

fo u r  compounds must p la y  a  s i g n i f i c a n t  rô le  in  d e te rm in in g  th e  r e l a t i v e

v a lu e s  o f the  re s p e c tiv e  fo rc e  c o n s ta n ts .  V ib ra tio n  o f th e  r in g  would 

be ex p ec ted  t o  be l e a s t  in h ib i t e d  in  th e  p la n a r  copper complex : t h i s  

i s  borne out by th e  much low er fo rc e  c o n s ta n t f o r  t h i s  confound th an  fo r  

th e  o th e r  o o n ^ lex es , which have te tra h e d re d  or o c ta h ed ra l arrangem ent 

o f th e  bonds ab o u t the m eta l atom . U n fo rtu n a te ly  copper aoe ty la o e to n a te  

i s  too  s p a r in g ly  so lu b le  i n  n o n -p o la r  so lv e n ts  to  p e rm it o f 

c o n firm a tio n  6 f t h i s  o o n c lu s io n  through measurement o f i t s  p o l a r i s a t i o n .

The fo rc e  constcu its  f o r  th e  te t r a h e d r a l  and o c ta h e d ra l oonplexes 

would no t be ex p ec ted  to d i f f e r  g r e a t ly .  The g ra d a tio n  i n  th e  v a lu e s  

observed  may p o s s ib ly  be due to  th e  d i f f e r in g  d e g re es  o f s t r a i n  i n  the 

c h e la te  r i n g s .  I t  w i l l  be shown l a t e r  t h a t  th e  fo rce  c o n s ta n t  seems 

to  be p a r t i c u l a r l y  la rg e  i n  oonqpounds in  which th e  c h e la te  r i n g s  c o n ta in  

f iv e  atoms o n ly , so i t  may be p o s tu la te d  t h a t  even in  six -m enbered  

r in g s  th e  fo rc e  c o n s ta n ts  w i l l  be the  h ig h e r th e  g r e a te r  th e  s t r a i n  i n



th e  r in g *  D ata on the  e f f e c t iv e  r a d i i  o f  atcoaa i n  c h e la te  conçxlexes o f 

t h i s  type a re  n o t a v a i la b le ,  b u t ,  f o r  th e  p u rp o se s  o f com parison, i t  

may be no ted  t h a t  th e  r a d i i  o f  Be^^, Cu*^, A l^^^ and Fe'*"̂ "*’ io n s  are  

0 * 3 4 , 0 .8 0 ,  0.36  and 0 .6? A. r e s p e c t iv e ly .  When co n sid e red  in  

c o n ju n c tio n  w ith  th e  an g les  betw een th e  v a le n c ie s  of th e  m etal atoms 

concerned  (1 0 8 ^  f o r  b e ry lliu m , and 90°  f o r  alum inium , i ro n  and c o p p e r) , 

and th e  0-0  d is ta n c e  i n  th e  u n s tr a in e d  m olecule o f a c e ty la c e to n e , th e se  

su g g e s t t h a t  the  s t r a in  i n  the  r in g  may re a so n a b ly  fo llo w  th e  o rd er 

Be > A1 > Fe > Cu .

The h igh  v a lu e  of the  m o lecu la r p o l a r i s a t i o n  f o r  th e  aluminium 

coB^lex o f d ie th y l  m alonate i s  p ro b ab ly  due to  the  e x is te n c e , a t  any 

i n s t a n t ,  o f a  perm anent d ip o le  i n  the m olecu le , due to  the  r o t a t i o n  of 

th e  s ix  e s t e r  g ro u p s . I t s  atom ic p o la r i s a t io n  would be expec ted  to  be 

app rox im ate ly  th e  same a s  th a t  o f  alum inium  ace ty la o e  to n a te .

( i i ) .  Complexes o f s a lic y la ld é h y d e  and i t s  d e r iv a t iv e s .

By u t i l i s i n g  complex compounds formed by d e r iv a t iv e s  of s a l i ­

cy la ldéhyde  such a s  s a l ic y l id e n e a n i l in e ,  s a l i  c y l idenem ethyl imine and 

sa lio y la ld o x im e , i t  i s  p o s s ib le  to  re p la c e  one of th e  oxygen atom s in  

th e  r in g  system  p re v io u s ly  d is c u s s e d  by a  n i t ro g e n  atom, le a d in g  t o  

s t r u c tu r e s  which cçin be r e p re s e n te d  by resonance betw een I I I  and IV.

3IP. ^  J S
I n  most c a se s , th e  copper ccmiploxes o f th e se  confounds p roved  th e

m ost s u i ta b le  f o r  p o la r i s a t io n  m easurem ents. W ith in  t h i s  c la s s  of 

oonpound, a  r a t h e r  wide v a r i a t io n  in  r e s u l t s  was o b ta in e d , the  d i f f e r e n c e s
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betw een the  and (R^ v a lu e s  ly in g  betw een th e  ex trem es of 21 o .c .  

i n  th e  case o f  cqpper s a liq y la ld o x im e , and th e  e x c e p tio n a l ly  h igh  f ig u re  

o f 132*5 0 . 0 . i n i t i a l l y  found fo r  copper s a l ic y l  id e  ne- a n i l i n e .

I t  i s  e v id e n t,  on co n p ariso n  o f th e re  m ilts  o b ta in e d  from the 

com plexes of th e  a n i l s  o f  s a l ic y la ld é h y d e , t h a t  th e  d i f f e r  once found f o r  

the  conplex form ed by th e  u n s u b s t i tu te d  a n i l  i s  e x c e p tio n a l ly  l a r g e ,  and 

i s  presum ably no t due e n t i r e ly  to  atom ic p o la r i s a t i o n ,  b u t i s  a f f e c te d  

by some a d d it io n a l  f a c to r  no t in v o lv e d  in  th e  o th e r  compounds. The 

p o s s i b i l i t y  of th e  p resen ce  o f a  sm a ll p ro p o r tio n  of th e  o is  isom er of 

th e  conp lex  a t  once comes to  mind, and th e  m easurem ents were re p e a te d , 

u s in g  a  f r e s h  specim en of th e  su b s ta n c e , which had been  p u r i f ie d  by 

p r e c i p i t a t i o n  f iv e  tim es b e fo re  u se , in s te a d  o f the  tWo which are  

s u f f i c i e n t  f o r  th e  p re p a ra t io n  o f  an a n a ly t ic a l ly  pure  sam ple. The

v a lu e  o f Pg f o r  t h i s  second specim en was found to  be only 3*3 c . o .^co 4

l e s s  th an  the  f ig u re  found fo r  th e  f i r s t  p r e p a ra t io n ,  t h a t  i s ,  v e ry  l i t t l e  

more th a n  th e  ex p erim en ta l e r r o r  in v o lv ed  in  th e  m easurem ents ; the  

p r o p o r t io n  of th e  im p u rity , i f  such e x i s t s ,  i s  th e re fo re  sc a rc e ly  a l t e r e d  

by t h i s  method o f p u r i f i c a t i o n .  T h ^ ro p o r t io n  m ust, in  any case , be 

v e ry  s a a l l ,  s in c e , owing to  i t s  r e l a t i v e l y  h igh  d ip o le  moment, the  

m o le cu la r p o l a r i s a t i o n  o f th e  pu re  _oia isom er, i f  i t  cou ld  be p re p a re d , 

would be ex trem ely  h ig h .

No p re p a ra t io n  o f a  pure o is  isom er, to g e th e r  w ith  any d e f in i t e  

p ro o f  o f i t s  s t r u c tu r e ,  ap p ea rs  t o  have been made. Z etzsche , S ilberm ann  

and V ie l i  (9 ) p re p a re d  the  complex by d is so lv in g  copper powder i n  an 

a lc o h o l ic  s o lu t io n  o f the a n i l ,  and d e sc r ib e d  i t  a s  form ing dark  brown 

c r y s t a l s  i n  s ta r -s h a p e d  c lu s t e r s .  P f e i f f e r  and G la se r (10 ) p re p a re d  i t
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by th e  a c t io n  o f  e i t h e r  a n i l in e  o r phenylhydroxylam ine on the copper 

complex of s a l ic y la ld é h y d e  ; th ey  d e sc r ib e d  the appearance a s  "red-brow n 

n e e d le s " . P f e i f f e r  and h is  co -w orkers (11) l a t e r  examined a  sam ple, 

p re p a re d  from c u p ric  a c e ta te  and a n i l in e  by th e  a d d i t io n  o f 

sa l ic y la ld é h y d e  to  the a lc o h o lic  s o lu t io n ,  w ith  th e  in te n t io n  o f 

i s o l a t i n g ,  i f  p o s s ib le ,  e l s  and t r a n s  iso m ers . F ra c tio n a l  c iy  s t a l l  i  s a t  io n  

from  acetone gave seven f r a c t io n s ,  a l l  a p p a re n tly  i d e n t i c a l .  A 

second  sam ple, p re p a re d  from cqpper sa lic y la ld é h y d e  and a n i l in e ,  was 

exam ined i n  the same way, and a very  sm all t r a c e  of a g reen  c r y s t a l l i n e  

powder was d isc o v e re d  i n  the  t h i r d  f r a c t io n .  T reatm ent o f a l a r g e r  

sample (40 g. ) e n ab led  them to  i s o l a t e  and an a ly se  20 mg. of t h i s  

compound. The Cu : N r a t i o  was found  to  be 1 .1 )  ; 1, showing t h a t  t h i s  

cou ld  not be th e  p i s  isom er ; no more d e ta i le d  in v e s t ig a t io n  was made.

I t  seems u n l ik e ly  t h a t  t h i s  g reen  powder, w hatever i t s  n a tu r e ,  

co u ld  be th e  cau se  o f th e  h i ^  m o lecu la r p o l a r i s a t i o n  f ig u r e s  found 

f o r  a  sample o f  th e  complex p re p a re d  from copper su lp h a te  and th e  

a n i l  a lo n e . I t  i s ,  however, o f i n t e r e s t  to  note th a t  the p r e p a ra t io n  

o f t h i s  complex was f i r s t  c la im ed  by S o h iff  (1 2 ) , u s in g  the a c t io n  o f 

a n i l in e  on copper s a l ic y la ld é h y d e , and i t  was th e n  d e sc r ib e d  a s  an 

o l iv e -g re e n , c r y s t a l l i n e  powder, in so lu b le  in  o rg an ic  s o lv e n ts . I t  i s  

p o s s ib le  t h a t  t h i s  may have been th e  o is  isom er, and t h a t  t h i s  s in g le  

p re p a ra t io n  was e x c e p tio n a l , and im possib le  to  r e p e a t .  An in s ta n c e  of 

such a  n a tu re  o ccu rred  in  th e  p re p a ra t io n  of copper s a l ic y la ld é h y d e -  

m ethylim ine by P f e i f f e r  and G la se r  ( lo o . o i t . )  ; on one occasion  

o n ly , in s te a d  o f  th e  g reen  n e e d le s  u s u a l ly  o b ta in e d  on r e o r y s t a l i i  s a t io n  

from  ch lo ro fo rm , brown l e a f l e t s  o f the  same com position  were form ed.
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w hich, on s ta n d in g , r e v e r te d  to  th e  o r ig in a l  g reen  form . T his 

p re p a ra t io n  p roved  im possib le  to  r e p e a t .

I t  i s  w orth  n o tic in g  t h a t  two c le a r ly  d e f in e d  forms o f th e  

copper coap lex  o f  th e  c lo s e ly  s im i la r  2-h y d ro x y -l-n a p h th aV d e h y d e -  

m ethyl im ine were o b ta in ed  by P f e i f f e r  and G la se r  ; a  g reen  form , 

c r y s t a l l i s i n g  in  long  n e e d le s , which on h e a tin g  changed over in to  

sh in in g  brown p rism s , shown by a n a ly s i s  to  have th e  same co m p o sitio n . 

The brown form c r y s t a l l i s e d  from  p y r id in e ,  b u t i f  m ethyl a lc o h o l was 

added t o  th e  h o t p y r id in e  s o lu t io n , th e  g reen  form  of the  co ap lex  was 

p r e c ip i t a te d .  The p o s s ib i l i t y  o f dimorphism c an n o t be ru led  o u t, bu t 

i t  seems l i k e l y  t h a t  th e se  may in  f a c t  be the  o i s  and t r a n s  iso m ers  o f  

th e  c o ap lex . P f e i f f e r  and G la se r  assumed th a t  th e  brown form was 

p ro b ab ly  th e  o i j  isom er, owing to  th e  s im i la r i ty  o f i t s  c o lo u r t o  t h a t  

o f  th e  copper conplex o f  d i s a l i c y l a l deh y d e-e th y len efd iam in e ; i n  t h i s  

ooopound, the  two aldehyde m o lecu les are l in k e d  by one m olecule o f  th e  

d iam ine, so  t h a t  the  arrangem ent o f th e  bonds about the  c e n t r a l  copper 

atom oMst n e c e s s a r i ly  be o f th e  c i s  c o n f ig u ra tio n . The co lo u r o f th e  

g reen  form i s  s im ila r  to  th a t  o f  th e  copper complex o f s a l ic y la ld é h y d e -  

m ethylim ine, which the p re s e n t  work h as  shown to  be a  t ra n s  conpound. 

P o la r i s a t io n  m easurem ents on th e se  two isom ers would be o f i n t e r e s t .

In  the  d is c u s s io n  t h a t  fo llo w s , i t  has been assumed th e re fo re  t h a t  

the  e x c e p tio n a lly  h igh  m olecu lar p o la r i s a t io n  observed  fo r  co p p er 

s a l ic y l id e n e a n i l in e  i s  due to  a  sm all tra c e  o f th e  ^ i s  i s o n e r .  From 

th e  analogy o f th e  b e ry lliu m  complexes of a c e ty la c e to n e  and 

d ibenzoylm ethane, i t  seems l i k e l y  t h a t  th e  a tom ic  p o la r i s a t io n  of t r a n s .  

copper s a l ic y l id e n e a n i l in e  w il l  be very  c lo se  to  t h a t  o f copper
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sa lio y lid en em eth y lim ln e«  I . e . ,  abou t 6l  o .c .  T h is  l a t t e r  v a lu e  

h a s  been oonfirm ed by th e  work of C h a rle s  and P r e is e r  (15)» a llo w in g  

f o r  the  f a o t  t h a t  the  va lue  f o r  th e  m o lecu lar r e f r a c t i o n  of the  

complex in  t h i s  p ap er was c a lc u la te d  from t h a t  o f s a l i c y lid e nea n i 1 i ne# 

making no a llow ance fo r  the change in  th e  number o f con jugated  s in g le  

and double bonds.

There i s  a  small» b u t s ig n i f i c a n t  d if f e re n c e  between the  v a lu e s  

o f  the a tom ic p o la r i s a t io n s  o f  copper sa liq y la ld e h y d e  and copper 

sa liq y lid e n e m e th y lim in e , which are  found t o  be 6 ? ' o .c .  and 6l  o . c .  

r e s p e c t iv e ly .  I t  i s  no t l i k e l y  t h a t  th e  fo rc e  c o n s ta n ts  f o r  th e  

bend ing  v ib r a t io n s  i n  th e se  two m olecu les w i l l  d i f f e r  eyppreciably» 

s in c e  th e  s u b s t i t u t i o n  o f  a  n itro g e n  atom f o r  an  oxygen atom in  th e  

c h e la te  r in g  le a d s  to  h a rd ly  any change in  bond a n g le s  or bond len g th s#  

and the  s t r a i n  i n  the" r in g  i s  th e re fo re  a lm ost th e  same in  th e  two 

c a s e s :  b u t  a  d i f fe re n c e  betw een th e  moments o f th e  r in g s  may be 

expected» on accoun t o f  the  in c re a s e d  e le c tro n e g a t iv e  c h a ra c te r  o f 

oxygen a s  oonqpared w ith  n i t ro g e n . The moments may be coup are d u s in g  

th e  u su a l r e la t io n s h ip

" ‘ :

assum ing the  fo rc e  c o n s ta n ts  to  be equal» we have

-  ^A1

?  %
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where Uie s u f f ix e s  1 and 2 ap p ly  to  th e  sa lio y lid en em e th y lim in e  and 

the  sa lic y la ld é h y d e  conp lexes r e s p e c t iv e ly .  I f  i s  taken , a s  

b e fo re , a s  7*5 D ., then

%
** 7 #2 D.

The d if f e r e n c e  o f 0 .3  D. i n  the  r in g  moments i s  o f  th e  o rd e r  to  be 

ex p ec ted  a s  a  r e s u l t  o f th e  change i n  e le c t r o n e g a t iv i ty .  The r i n g  

moment i n  th e  so lic u la ld e h y d e  c o i^ le x  i s  l a r g e ly  made up of th e  bond 

moments o f th e  0-Cu, O-^Cu and G =  0 bonds; o f th e s e ,  th e  moments o f 

th e  two las t-n am ed  a re  s l i g h t l y ,  b u t sqppreciably reduced  when th e  

n itro g e n  atom i s  s u b s t i tu te d  in  th e  sa lio y lid en em e th y lim in e  com plex.

The v a lu e s  of the  a tom ic p o la r i s a t i o n s  o f  th e  th re e  copper 

com plexes o f th e  jg^-ha logeno -substitu ted  a n i l s  l i e  c lo se  to g e th e r :  i t  

i s  no t c le a r  why the value  f o r  th e  b ro m in e -su b s titu te  conplex should, 

be l e s s  than  t h a t  o f th e  o th e r  two, b u t th e  d if f e r e n c e  (7 o . c . )  i s  

n o t very  much g r e a te r  th an  th e  ex p erim en ta l e r r o r ,  and may i n  p a r t  

be due t o  e r r o r s  in  c a lc u la t in g  th e  m olecu lar r e f r a c t io n s  of th e  

com plexes, a s  th e re  may be d e p a r tu re s  from s t r i c t  a d d i t i v i t y .  The 

atom ic p o l a r i s a t i o n  f ig u re s  a re  very  roughly  10 c .o .  l e s s ,  i n  each  

c a se , than  the  value f o r  copper s a l  ic y  1 id s  ne a n i 1 i  ne, i f  t h i s  i s  

supposed to  be th e  same a s  th e  a tom ic p o la r i s a t i o n  o f copper 

s a l  ic y l  i  de ne me th y lim in e .
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There i s  a  s l i g h t  deg ree  o f s t r a in  i n  th e  six-membered r i n g  o f  the 

complexes o f th e  a m ils , which w i l l  r e s u l t  in  th e  in c re a se  o f  th e  va lency  

a n g le s  i n  th e  r in g  by a  few d e g re e s  in  each case# I f  we c o n s id e r  the 

th re e  bond a n g le s  a t  the n itro g e n  atom, we see th a t  th e  Cu-N-Ph and the  

C-N-Ph a n g le s  w i l l  both  be s l i g h t l y  l e s s  th an  the u n s tra in e d  ang le  of 

120^, in  o rd e r  to  conpensate f o r  th e  in c re a s e  in  th e  Cu-N-C a n g le .
« Q

Supposing t h a t  th e s e  two a n g le s  a re  each d e c re a se d  by )  , i . e . ,  are

each 117^, th e n  the moment o f th e  r in g ,  id iich  makes an a n ^ e  o f 45^
ow ith  th e  Cu-N bond, a c t s  a t  an angle o f 72 to  tW  Ph-N bond. The 

moment o f th e  Ph-JC group, where X i s  an atom of one o f the  h a lo g e n s , 

a c t s  in  th e  d i r e c t io n  o f th e  Ph-N bond, and th e  conç>onent o f  t h i s  

moment, in  th e  d i r e c t i o n  o f  th e  r in g  moment i s  th e re fo re

•q u k l to  72", o r  O .J l  ^

The moment i s  e n t i r e l y  due t o  the  moment o f  the  C-X bond.

The vadues f o r  th e  C-X bond moments, w hether X i s  an atom o f c h lo r in e ,  

bromine or io d in e , do n o t d i f f e r  g r e a t ly  : the  a c tu a l  v a lu e s  a re  gls 

fo llo w s  2

C-Cl 1 .^ 8  D.

C-Br 1 .56  D.

C -I 1 .4 0  D.

The components o f these  moments i n  the  d i r e c t i o n  of the  r in g  

moment a re  r e s p e c t iv e ly  about 0.49» 0 .48  and 0 .43  0 . ,  a c t in g  in  th e  

re v e rse  sense to  th e  moment o f the  r in g  o f th e  u n s u b s t i tu te d  com plex.
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The l a t t e r  h a s  gdready been e s t im a te d  a s  7 .2  D ., and the  r e s u l t a n t  

r in g  moments f o r  the  s u b s t i tu t e d  oonçlexes a re  th e re fo re  6 . 7^̂ , 6 . 7g 

and 6.7^D r e s p e c t iv e ly .  S u b s t i tu t in g  th e s e  v a lu e s  in  the  u su a l 

r e l a t io n s h ip ,  th e  co rresp o n d in g  fo rc e  co n stem ts are th en  r e s p e c t iv e ly  

1 .4 0 , 1 .^8  and 1 .46  e rg  / r a d i a n  /m o le cu le .

The c lo s e ly  s im ila r  n a tu re  o f th e se  th re e  complexes and o f copper 

sa lio y lid en em e th y lim in e  makes i t  p robable  t h a t  a l l  fo u r  fo rc e  c o n s ta n ts  

a re  the  same, s in c e  only s u b s t i tu e n ts  are  a l t e r e d ,  and the  v ib r a t in g  

r i n g  o f s ix  atoms rem ains unchanged. C o n sid e rin g  o f  the  n e c e s s a r i ly  

approxim ate n a tu re  of th e  assum ptions made, th e se  r e s u l t s  a re  n o t i n

c o n f l i c t  w ith  t h i s  v iew . T h is i s  re v e a le d  by r e v e r s in g  th e  c a lc u la t io n .

12Assuming t h a t  th e  fo rce  c o n s ta n ts  a l l  have th e  va lue  1 .4 0  x 10" e rg  /  

ra d ia n  /  m o lecu le , which was p re v io u s ly  c a lc u la te d  fo r  th e  s a l  ic y l  id en e - 

me th y lim in e  com plex, th e  expec ted  v a lu e s  of th e  atom ic p o l a r i s a t i o n s  o f 

the  h a lo g e n -s u b s t i tu te d  compounds would be ^ 3 , 33 &nd 35 o .c .  

r e ip e o t iv e ly .  The only anom alous f ig u re ,  th e r e f o r e ,  i s  th e  low v a lu e  

o f 47 O . C . ,  In s te a d  o f 33 o . c , ,  which was observed  f o r  th e  bromo-
I

compound.

The v a lu e s  o f the  atom ic p o la r i s a t io n s  of th e  sa lic y la ld o x im e  

com plexes o f copper and n ic k e l  a re  much low er th a n  those  o f  any of th e  

o th e r  com plexes formed by compounds o f th e  s a l  i c y l  aldehyde s e r i e s .  The 

atom ic p o l a r i s a t i o n  of th e  copper complex, f o r  example, i s  only  21 c . o . ,  

compared w ith  th e  v a lu e  o f 6l  c .c .  found f o r  copper sa lic y lid e n e m e th y lim in e . 

The r in g  moments o f the two com plexes are  n o t l i k e l y  to  be v e ry  

d i f f e r e n t ,  s in c e  th e  c h e la te  r in g s  a re  id e n t i c a l ;  y e t ,  i f  th e  r i n g  

moment o f 7 .2  D ., c a lc u la te d  above fo r  the  sa lio y lid en e m e th y lim in e
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coup leX, I s  u sed  to  c a lc u la te  th e  bending fo rc e  c o n s ta n t f o r  th e  

v ib r a t io n s  o f th e  r in g  i n  copper sa lic y la ld o x im e , a  v a lue  o f 4*1 x 10"^^ 

e rg  / r a d ia n  /m o lecu le  i s  ob tained*  T his r e s u l t  in d ic a te s  a h ig h e r  

degree o f  r i g i d i t y  in  th e  s t r u c tu r e  of the  m o lecu le , and a p o s s ib le  

e x p la n a tio n  o f  t h i s  would be th e  existeuioe o f a  hydrogen bond, l in k in g  

the hydroxyl group of one sa lic y la ld o x im e  r e s id u e  w ith  th e  p h e n o lic  

oxygen atom o f  th e  o ther*  Such an  arrangem ent would h o ld  th e  m olecule in  

a  more r i g i d ,  p la n a r  shape, and some evidence f o r  t h i s  i s  p ro v id ed  by 

the  absence o f  any moment due to  the  r o t a t io n  o f  f r e e  hydroxyl g ro u p s. 

There i s  s t ro n g  evidence f o r  th e  e x is te n c e  o f a  s im i la r  type o f bond 

in  n ic k e l  dime th y  Iglyoxim e, which g iv es  none o f  th e  r e a c t io n s  

c h a r a c t e r i s t i c  o f the  hydroxyl group t no r e a c t io n  i s  g iv en  w ith  a c e t ic  

anhydride (1 4 ) o r w ith  méthylmagnésium io d id e  (1 $ ) .  M oreover, i n f r a ­

re d  s p e c tr a  show no ev idence o f the  p resen ce  e i t h e r  o f f r e e ,  o r o f 

norm ally  hydrogen-bonded hydroxyl groups in  t h i s  compound, and i t  has 

been  shown, by X -ray  a n a ly s is  o fth e  c ry s ta l  ( l6 )  t h a t  th e  0 . 

d is ta n c e  i s  u n u su a lly  s h o r t ,  in d ic a t in g  t h a t  th e re  may be p re s e n t  an 

e x c e p tio n a l ly  s tro n g  bond.

In  the m easurem ents made on th e  sa lic y la ld o x im e  com plexes, th e  use 

o f ex ceed in g ly  d i lu t e  s o lu t io n s  was n e ce ssa ry , on accoun t o f th e  

^ a r i n g l y  so lu b le  c h a ra c te r  o f th e se  compounds, e s p e c ia l ly  th e  n ic k e l  

complex. The d if fe re n c e  betw een th e  atom ic p o l a r i s a t i o n s  o f th e  two 

com plexes, 7 .7  o . c . ,  i s  th e re fo re  not much l a r g e r  th a n  th e  ex p e rim en ta l 

e r r o r  in v o lv ed  in  the m easurem ents, and a c c u ra te  c a lc u la t io n  o f  th e  r in g  

moment i n  th e  n ic k e l  oonplex i s  th e re fo re  n o t p o s s ib le .  On th e  grounds 

o f th e  more e le c t r o p o s i t iv e  c h a ra c te r  o f n ic k e l a s  compared w ith  copper.
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a r in g  moment r a th e i^ ig h e r  than t h a t  i n  th e  oq )per oonplex  may be 

e^qpeoted, and the  ex p erim en ta l r e s u l t s  a re  in  th e  sense esqpected from 

t h i s .  By analogy w ith  th e  change in  r in g  moment on s u b s t i tu t in g  an 

oxygen atom f o r  a  n i tro g e n  atom in  th e  c h e la t in g  r i n g ,  a  reaso n ab le  

e s t im a te  would p ro b ab ly  be 7*5 0 .  I t  i s  u n l ik e ly  t h a t  the fo rc e  

c o n s ta n t  would d i f f e r  g r e a t ly  fi*om t h a t  which a p p l ie s  i n  the  copper 

com plex.

The c h e la te  r i n g  o f n ick e l b e n se n e a so -£ -c re so l b e a r s  a c lo se  

resem blance to  t h a t  o f  copper s a l  i c y l  id e  ne a n i l in e  t th e  only  d if fe re n c e  

l i e s  i n  th e  s u b s t i t u t i o n  o f a  n itro g e n  atom f o r  a  C-H group . i 

N e v e r th e le s s , th e  atom ic p o la r i s a t i o n  of th e  aso-compound i s  low erI
th a n  t h a t  o f the  s a l  i c y l  Ide ne a n i l in e  d e r iv a t iv e  by abou t 53 c . o . ,  

a lth o u g h  th e  s u b s t i tu t io n  o f a n ic k e l  atom fo r  a  copper atom migjht be 

e x p ec te d  to  in c re a se  th e  moments o f  th e  bonds from oxygen and n i tro g e n  

to  th e  c e n t r a l  atom, and th e re fo re  to  in c re a se  the  r e s u l t a n t  moment o f  

th e  c h e la te  r in g .

The r in g  moment o f th e  sa lio y la ld e h y d e m e th y lia in e  complex i s  due 

m ainly  to  th e  moments o f th re e  bonds t the  la rg e  moments of th e  

N-Me and 0-Ms bonds, which are  b o th  h ig h ly  p o la r ,  and the  moment o f  the  

C s  N double bond, which E verard  and S u tto n  (17) e s t im a te  to  be abou t 

1 .5  D. In  n ic k e l  benzene a s  o ^ - o r e s o l ,  th e  m agnitudes o f th e  f i r s t  two 

o f  th e se  bond moments a re  alm ost unchanged, b u t the  moment o f the  C » N 

bond h a s  d isa p p e a re d . Assuming, a s  b e fo re , t h a t  th e  0-N-Me ang le  i s  

d i s t o r t e d  to  126®, and th a t  th e  r in g  moment a c t s  a t  an  angle o f  43^ 

to  th e  N-Me bond, th e  conponent o f th e  C = N bond moment in  the



117.

d i r e c t io n  o f th e  r in g  moment o f  the  sa lio y lid en e m e th y lim in e  complex i s

l . J  cos 9 ^  o r app rox im ate ly  1 .)  D. I f  th e  r in g  moment of th e  n ic k e l

sa lic y lid e n em e  th y lim in e  complex i s  taken  a s  7*3 D. , the moment o f the

c h e la t in g  r in g  in  n ic k e l b e n ee n e a e o -£ -c re so l i s  th e re fo re  reduced  to  6 .2  D.

A f u r th e r  re d u c tio n  i n  th e  r in g  moment i s  b rough t ab o u t by the

in tr o d u c tio n  of a  d ip o le  due to  th e  two unehared  e le c t r o n s  on the

n itro g e n  atom o f  the  azo group which i s  n o t c o -o rd in a te d  to  th e  n ic k e l

atom. The atom ic d ip o le  so  formed i s  d i r e c te d  ou t of th e  c h e la te  r in g ,

and so h a s  a  cosponent a lo n g  th e  a x is  o f  th e  r in g  moment which ac t a in

the re v e rse  sense to  th e  l a t t e r .  The m agnitude o f the  atom ic d ip o le

may be ta k e n , from th e  d ip o le  moment o f  anmonia, a s  ab o u t 1 .3  D. , s ince

alm ost th e  whole d ip o le  moment o f  the  ammonia m olecule i s  due to  an

e f f e c t  o f  t h i s  k in d . Assuming the same bond a n g le s  a s  b e fo re ,  i t  may

e a s i ly  be shown t h a t  the  atom ic d ip o le  makes an angle o f 34® w ith  th e

r in g  moment, and i t s  oonponent in  t h i s  d i r e c t i o n  i s  th e re fo re  1 . 3 cos 34®,

th a t  i s ,  ab o u t O.9  D .. The r e s u l t a n t  moment o f th e  r in g  i s  th u s  6*2 -

0 .9  a 3*5 D. , l|

Using t h i s  value f o r  th e  r in g  moment, and the  ex p erim en ta l va lue  i

o f th e  atom ic p o la r i s a t i o n ,  the  fo rc e  c o n s ta n t , c a lc u la te d  i n  th e

—12 2u su a l m anner, i s  found t o  be 1 .8  x lO" e rg / r a d ia n  /m o le c u le . .

I t  i s  p o s s ib le  th a t  t h i s  in c re a se  o f th e  fo rc e  c o n s ta n t  in  

o c ap a riso n  w ith  th e  v a lu e s  f o r  ccnp lexes o f  th e  a n i l  type may be due to  

a  s l i ^ t l y  in c re a se d  s t r a i n  in  th e  c h e la te  r in g ,  b rough t abou t by th e  

s u b s t i t u t io n  of a  n itro g e n  atom fo r  a  me th in e  g ro u p . The Ph-NsN an^rle 

i n  b o th  c i s - and t r a n s - a zobenzene has been shown to  be 121® (18 , I 9 ) ,  

b u t  the  u n s t r a in e d  angle Ph-C =N  i s  123®. Although t h i s  d i f f e r e n c e  i s



110.

a iaa ll, im ply ing  only  a  s l i g h t  in c re a s e  o f s t r a i n  in  th e  r in g ,  th e  

d if fe re n c e  observed  may be a  r e f l e c t i o n  of th e  s e n s i t i v i t y  of the  

fo ro e  c o n s ta n t to  changes i n  uVie a t r a i n  o f th e  r in g ,  a s  suggested  by the 

fo rc e  c o n s ta n ts  found f o r  th e  a c e ty la c e to n a te  s  (v .  s u p ra ) .

S e c tio n  4 . Five-membered c h e la te  r in g s .  i

Only two conpounds o f t h i s  type were found to  be s u f f i c i e n t ly

so lu b le  f o r  m easurem ents to  be made, and in  each  case  th e  a tom ic

p o la r i s a t io n  was found to  be unexpec ted ly  low, h av in g  th e  v a lu e s  o f

14 c . c .  and 21 c .o .  fo r  copper l :J -d ip h e n y l-5 -h y d ro x y tr ia z e n e  and n ic k e l

b e n zen eazo -2 -p y rro le  r e i ^ e o t iv e ly .  T h is i s  no t v e ry  d i f f e r e n t  from

the  u s u a l ly  accep ted  "normal* v a lu e s  of atom ic p o la r i s a t io n s  o f 3 to

13 % o f the e le c t r o n ic  p o l a r i s a t i o n  (9  and 18 r e s p e c t iv e ly ) .

The c h e la te  r in g  of copper 1 : ) - d ip h e n y l - h y d r o x y t r i a z e ne b e a rs

a  c lo se  resem blance to  t h a t  of n ick e l benzeneazo-£->cresol, and i t  i s

p ro b ab ly  ap p ro x im ate ly  c o r r e c t  to  assume t h a t  th e  r in g  moments are

o f the  same m agnitude, p ro v id ed  t h a t  a c o r r e c t io n  i s  made to  a llo w

f o r  th e  l e s s  e l e c t r ( p o s i t iv e  c h a ra c te r  o f th e  copper atom. The r in g

moment of n ic k e l  b e n zen eazo -£ -o reso l has been  e s tim a te d  a s  3*5 D .:

i f  th e  r in g  moment o f the  copper complex i s  tak e n  a s  3*0 D ., a v a lu e

—12 2f o r  th e  fo rc e  c o n s ta n t  o f 3 .O x 10* e rg / r a d ia n  /m olecu le  i s
1 p

o b ta in ed . T his la rg e  in c re a se  over th e  v a lu e  of 1 .8  x 10* found 

f o r  the  fo rc e  c o n s ta n t of th e  b e n ze n ea zo -p -c re so l oonplex r e f l e c t smm

th e  c o n s id e ra b le  in c re a se  i n  s t r a in ,  and co n seq u en tly  in  r i g i d i t y ,  in  

the fo rm a tio n  of a five-m em bered r in g ,  a s  compared w ith a r in g  o f 

s ix  atom s, i n  which the  s t r a i n ,  though p r e s e n t ,  i s  s l i ^ t .
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The moment of th e  r in g  cxf n ic k e l  benzene a zo -2 -p y rr o le  i s

p robab ly  somewhat la r g e r  th a n  th a t  o f th e  t r ia g e  ne complex, a s  the

p y rro le  r in g  has i t s e l f  a  moment o f 1 .8  D. The conponent o f t h i s  

moment in  the  d i r e c t io n  o f th e  r in g  moment i s  1 .8  cos 43®, th a t  i s ,

1*3 D ., a c t in g  in  th e  same d i r e c t io n  as th e  r in g  moment. The
-jVw

r e s u l ta n t  r in g  moment i s  th e re fo re  3*3 + 1.3 = 6.6 D. T his g iv e s  a

—12 2v a lu e  f o r  th e  fo rc e  c o n s ta n t ,o f J .6  x 10 e rg / r a d ia n  /m o lecu le  j 

t h i s  v a lu e , which i s  a p p re c ia b ly  h ig h e r th a n  t h a t  found f o r  th e  

t r ia z e n e  complex, su g g ests  an in c re a se d  s t r a i n  in  th e  c h e la t in g  r in g  

o f the  azo compound. That such a  s t r a in  e x i s t s  i s  dem onstra ted  by 

the  a d jo in in g  diagram , w hich r e p re s e n ts  th e  two u n d is to r te d  r in g s  

su p e rin p o sed , o m ittin g  i n  each  case the c e n t r a l  m etal atom, s in ce  th e  

le n g th s  of th e  bonds to  i t  a re  no t known. The fo llo w in g  d im ensions 

a re  used  :

Bond le n g th s  % C 1 .48  A.

C— N in  p y rro le  r in g  1 .42

N =  N ,1 .2 0

N— N , 1 .47

N 0  1 .41

Bond an g le s  ; —0— ; ’ 110®

' —M— ' n o "

—K =  12l "

—N-* in  p y rro le  r in g  10^ "
o— i n  p y rro le  r in g  110
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T his a n a ly s is  o f the  problem  in d ic a te s  t h a t  in  th e  m o lecu le s  o f 

1 : ) - d ip h e n y l - h y d r o x y t r i a zene and benzeneazo -2-p y rro le  the  n e a re s t  

d is ta n c e  o f approach o f th e  n u c le i  o f th e  two atom s which become l in k e d , 

i n  the complex, to  the m etal atom are  2 .6  and 2 .9  A ., r e s p e c t iv e ly .

Hence, b e a r in g  in  mind th e  f a c t  th a t  the v a len cy  a n g le s  o f th e  m etal 

atom are n o t l i k e ly  to  d e p a r t  g re a t ly  from 90®, th e re  must be some s t r a in  

i n  each  case  a s so c ia te d  w ith  the fo rm atio n  o f  th e  r in g s ,  and t h i s  w il l  

be s l i g h t ly  g r e a te r  f o r  th e  l a t t e r  oonpound th an  f o r  the  fo rm e r .

In  r e l a t i o n  to  th e  e f f e c t  of r in g  s t r a i n  on the apparen t bending 

fo ro e  c o n s ta n t , i t  seems q u i te  p o s s ib le  t h a t  t h i s  a r i s e s  from  the  f a c t  

t h a t ,  th e n  th e  r in g  i s  r e l a t i v e l y  f l e x i b l e , th e re  w il l  be some d i s ­

p lacem ent o f th e  n u c le i i n  th e  rii%  r e l a t i v e  to  one a n o th e r when the
. 7

f i e l d  i s  ^ p l i e d ,  whereas in  a h ig h ly  s t r a in e d  r in g  such d ia p la c e m n ts  

w il l  be v e ry  sm a ll. T h is r e v e a ls  the  approxim ate c h a ra c te r  o f the  

assum ption  p re v io u s ly  made (se e  p .  9 2 )  t h a t  th e  r i n g  v ib r a te s  a s  one 

couple te  and r i g id  e n t i t y .

I t  i s  o f i n t e r e s t  a t  t h i s  p o in t  to  c o n s id e r  th e  r e s u l t s  o b ta im d  by 

C avell and Sugden (20) i n  s ty d y in g  th e  n ic k e l  complexes of v a r io u s  

g lyox im es. P o la r i s a t io n  m easurem ents were made on each of s e v e ra l p a i r s  

o f c o n p le x es , i n  o rd er to  d is t in g u is h  betw een c ia  and t r a n s  iso m ers .

They found t h a t  one form o f each o f th e  oxime d e r iv a t iv e s  had a  h ig h e r 

m o lecu lar p o la r i s a t io n  than  th e  o th e r , and they in f e r r e d  t h a t  the  

isom er w ith  the  h ig h e r va lue  was th e  c is  fo rm . N e v e rth e le ss , i n  th e  form s 

which are presum ably  t r a n s ,  the  moleoul&r p o la r i s a t i o n  v a lu e s  exceeded 

the  r e f r a c t i v i t y  c a lc u la te d  f o r  two m olecu les o f the oxime by 35 to  

40 c .o .  T h is  d if fe re n c e  th ey  a t t r ib u te d  to  th e  r o t a t io n  o f hydroxyl
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groups in  the  m o lecu le , b u t i t  h a s  s in c e  been shown c o n c lu s iv e ly  

(se e  "Copper and n ic k e l sa lic y la ld o x im e " )  th a t  th e se  groups are  h e ld  

f i rm ly  by hydrogen bonds, and a re  not f r e e  to  r o t a t e .  The d if fe re n c e  

m ust in  f a c t  be due to  th e  a tom ic  p o la r i s a t io n s  o f  th ese  compounds.

The v a lu e s  o b ta in ed  fo r  some o f  them are shown below; i n  the  second 

column, they  have been  c o rre c te d  by a llo w in g  f o r  a  c o n tr ib u tio n  of 

12 0. 0 . to  th e  m o lecu la r r e f r a c t I v i t y  made by th e  fo u r  bonds to  the  

n ic k e l  atom.
»

Glyoxime. P ^ . P^ o o r r .

c('-flie thy l-n-propyl 40 o .c .  28 c .o .

cc-m eth y l-n -b u ty l 55 2)  c .o .

<X-methylben*yl J5 c .c .  2 )  c .c .  ^

I t  i s  p ro b ab le  th a t  in  r e a l i t y  th e  v a lu e s  of th e  atom ic 

p o la r i s a t i o n s  of th ese  th re e  compounds a re  th e  same t th e  

ex p erim en ta l accuracy  of th e  m easurements was n o t h ig h , on ly  one 

o r two s o lu t io n s  be ing  u sed  in  each c a se , and a va lue  o f 23 o .c .  

may th e re fo re  be assumed.

The r in g  moment in  th e  glyoxime conp lexes must be h ig h , on 

account o f th e  two bond moments of the  G=N groups, each of 

m agnitude 1 . )  D ., boUi o f which e rran ce  the  r e s u l ta n t  moment o f the  

r in g .  The bond a n g le s  o f th e  r in g ,  which i s  under c o n s id e ra b le  

s t r a in ,  a re  u n c e r ta in , b u t i f  i t  i s  assumed t h a t  they  a re  th o se  of 

a  r e g u la r  pen tagon , i . e .  108®, the  two C=N bond moments each  make 

an angle o f 18® w ith  the  a x is  of ^m m etry o f  th e  r i n g .  The components 

of th e se  momenta in  th e  d i r e c t io n  o f th e  r in g  moment w i l l  th e r e fo re
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in c re a se  i t  by an amount 2 x l .^ o o s  18® « 2 .3  D.

I f  th e  r in g  moment of a  five-membe red  r in g  n ic k e l complex o f 

the  t r ia z e n e  type  i s  3 .3  D ., th e  r in g  moment o f a  n ic k e l glyoxim e

conplex i s  th e n  7»8 D«, a v a lu e  which i s  c lo se  to  the  r in g  moment of 

7 .3  D. assumed f o r  n ic k e l  sa lic y la ld o x im e . T h is  v a lu e , to g e th e r  w ith  

C avell and Sugden*s atom ic p o la r i s a t i o n  r e s u l t s ,  g iv e s  a fo ro e

c o n s ta n t f o r  th e  bending  v ib r a t io n s  of th e  r in g s  o f th ese  com plexes
—12 /  2of 4 .1  X 10* e rg / r a d ia n  /m o le c u le , a  f ig u re  whidh i s  o f  i n t e r e s t ,  

s in c e  i t  i s  e x a c t ly  the  same a s  t h a t  c a lc u la te d  p re v io u s ly  f o r  th e  

complexes o f sa lic y la ld o x im e , which have been  p o s tu la te d  to  have a 

r i g id  s t r u c tu r e  s im ila r  to  t h a t  o f the glyoxime co n p lex es .

As a  r e s u l t  of th ese  c o n s id e ra tio n s , i t  i s  suggested  t h a t  th e  

atom ic p o l a r i s a t i o n  v a lu e s  a re  b e s t  in te rp re te d "  in  te rm s o f th e  

e f f e c t iv e  r i n g  moments and bend ing  fo ro e  c o n s ta n ts  g iven  i n  Table I I I .  

The grouping  of the  compounds in to  the c la s s e s  shown i s  in d ic a te d  in  

p a r t  by th e  a c tu a l  v a lu e s  o b ta in e d , bu t i s  more c le a r ly  re v e a le d  

i n  th e  fo rc e  c o n s ta n ts  d e r iv e d  a f t e r  rea so n ab le  a ssu n p tio n s  have 

been m aderegard ing  th e  moments of the r in g  system s concerned .
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Table III.

Complex.

T e tra h e d ra l and ootahedi^al co iip lexes.

Ring Bending fo rce  
mome n t  c ons ta n tg

( e rg / r a d ia n  /  
m olecule)

,<.-12B ery lliu m  ace ty la c e  to n a te . 2 8 .0 7.5 5 .7

Aluminium ace ty la c e  to n a te . 43 .2 7.5 5 .2

F e r r ic  ace ty la c e  to n a te . 5 2 .6 7.3 2 .7

P la n a r  com plexes w ith  s ix -m e e ^ re d  r i n g s .

67.3Copper s a l ic y la ld é h y d e . 7 .5 1 .4

Copper sa licy lid en em e  th y lim in e .
1 i ’

61 .4 7 .2 1 .4
1 ! * t

Copper s a l ic y l id e n e -
' £ - c h lo r a n i l i n e . 5 3 .4 6 .7 1 .4

Ccpper a a llo y  l id e  ne-
£ -b ro o ia n ilin a . 46 .6 6 .7 1 .6

Copper s a l ic y l id e n e -
£ - io d o a n i l in e . 5 3 .0 6 .8 1 .3

N ickel b e n se n e a z o -£ -c re so l. 26 .0 5 .3 1 .8

~jP|ji|j[tf com plexes Jo in ed  ly  hydrogen bonds .

Copper s a lic y la ld o x im e . 21 .0 7 .2 4 .1

N ickel s a l ic y la ld o x im e . 28 .7 7 .5 4 .1

N ick e l complexes o f g lyoxim es. 25 .  7 .8 4 .1

complexes w ith  five-m em bered rin g j|^

Copper lr3**dlphenyl- '
5-1^ d r  oxy t r i a z e n e . 14 .0 5 .0 3 .0

N ickel benzenea z o -2 -p y r ro le . 20.7 6 .6 3 .6
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