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SUMMARY

The c r y s t a l  s tr u c tu r e s  o f th e  a c id  p o ta ss iu m  s a l t s  o f  

p -h y d ro x y b en z o ic , b en zo ic  and a n i s i c  a c id  have been exam ined  

by th e  X -ray d i f f r a c t i o n  m ethod.

I t  h a s  been  shown th a t  p o ta ssiu m  hydrogen b is -p -h y d r o x y -  

b en zo a te  i s  a m onohydrate and th a t  i t s  c r y s t a l  s tr u c tu r e  i s  

c l o s e l y  s im ila r  t o  th a t  of p o ta ss iu m  hydrogen b is p h e n y la c e ta te .  

The p r in c ip a l  common fe a tu r e  i s  in  th e  l in k in g  o f th e  c a r b o x y l  

grou p s by a s h o r t ,  and a p p a ren tly  sym m etrica l, hydrogen bond.

I t  i s  th ough t th a t  th e  c r y s t a l  s tr u c tu r e s  of th e  a c id  s a l t s  

o f m ost m on ocarb oxylic  a c id s  may g e n e r a l ly  conform  t o  t h i s  

p la n .

F u rth er e v id e n c e  f o r  t h i s  su g g e s t io n  h a s  a l s o  been  

o b ta in ed  from  a p r e lim in a r y  a n a ly s is  of th e  s tr u c tu r e  of 

p o ta ss iu m  hydrogen b isb e n z o a te  w hich appears t o  be b u i l t  

on th e  same p la n . The c r y s t a l  s tr u c tu r e  o f p o ta ssiu m  

hydrogen b i s a n i s a t e  h a s  a l s o  been  examined b u t, a s  y e t ,  

l i t t l e  p r o g r e s s  h a s  been  made w ith  th e  a n a ly s i s .
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1

In tr o d u c t io n

Acid s a l t s  o f m onobasic a c id s ,  in  w h ich  a m o le c u le  o f  

norm al s a l t  i s  combined w ith  one or more m o le c u le s  of th e  

p a ren t a c id , are  formed by m ost a c id s  and m ost m e ta ls ,  (F or a  

d e t a i l e d  su rvey  s e e  Sm ith, 1949) Many o f th e  a c id  sodium and 

p o ta ss iu m  s a l t s  o f m cn ocarb oxy lic  a c id s  are m entioned in  th e  

l i t e r a t u r e o  Of p a r t ic u la r ly  fr e q u e n t  occu rren ce  h ere  i s  tn e  

1 :1  compound i . e .  where one m o le cu le  o f a c id  (HX) i s  combined  

w ith  one m o le cu le  of norm al s a l t  (KX) t o  g iv e  th e  a c id  

s a l t  (KHX2 )o W hile th e  sodium s a l t s  are o f te n  h y d ra ted , th e  

p o ta ss iu m  s a l t s  a r e , in  g e n e r a l ,  anhydrous. T h is  much h a s  

b een  known f o r  some c o n s id e r a b le  t im e , but l i t t l e  i s  known of  

th e  p h y s ic a l  p r o p e r t ie s  o f t h e s e  compounds. Therm ochem ical 

m easurem ents (d e  Focrand, 1883; R iv a ls ,  1897) c l e a r l y  in d ic a te d  

how ever th a t  th e r e  was a d e f i n i t e  l in k a g e  betw een  a c id  and s a l t .

O c c a s io n a lly  sane a u th o rs  have su g g e ste d  p o s s ib le  

s t r u c t u r a l  form u lae  f o r  th e s e  compounds. Farmer (1 9 0 3 ) ,  f o r  

exam ple, r e la t e d  them t o  oxonium s a l t s  and p roposed  s tr u c t u r e s  

such  as:

R.CO K
0S

E.COg H

On th e  o th er  hand P f e i f f e r  (1 9 1 4 ) su g g ested  two p o s s ib le  

s t r u c t u r e s ,

a) R .C = 0  H-O-C-B b) R .C -0  M-O-C-E
I II I II
0M 0 OH 0

S tru c tu re  ( b ) ,  in  w hich th e r e  i s  c o -o r d in a t io n  t o  a c e n t r a l
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m e ta l atom, w as p r e fe r r e d  s in c e  compounds more com plex than  

th e  1 :1  ty p e  can  a l s o  he fo rm u la ted  in  t h i s  manner. More 

r e c e n t ly  (R oss and M orrison , 1933) a s im ila r  s tr u c tu r e  h a s  

been p rop osed , v i z .

R-C=0
1

-----M----
-©  -1 

0-C-R
II

OH 0

V i t a le  (1 9 3 6 ) , how ever, p r e f e r s  a c y c l i c  s tr u c tu r e

OH
NaO 0—C-R

y  p
R 'O-C-OH 

R

b eca u se  a stu d y  o f th e  Raman s p e c tr a  o f such compounds h a s  

shown th e  ab sence o f a ca rb o n y l fr e q u e n cy . There i s  l i t t l e  

p o s i t i v e  e v id en ce  a v a i la b le  t o  en a b le  a  d e c i s io n  t o  be made 

betw een  th e s e  p o s s ib l e  fo rm u la e .

R ecen tly  (Speakman, 1949) an X -ray in v e s t ig a t io n  o f th e  

s tr u c tu r e  o f p o ta ss iu m  hydrogen b is -p h e n y la c e ta te  KH( c8h o2 )2 

h a s  been c a r r ie d  o u t. I t  h as been  shown t o  be b u i l t  up of 

i n f i n i t e  la y e r s  o f p o ta ssiu m  and hydrogen atoms (o r  io n s )  

betw een  p a ir s  o f la y e r s  of p h e n y la c e ta te  r e s id u e s .  A djacent  

c a r b o x y l groups are lin k e d  by a v ery  sh o r t  hydrogen bond 

r e m in isc e n t  o f th e  s tr o n g  hydrogen bonds found in  in o r g a n ic  a c id  

s a l t s .  Of p a r t ic u la r  i n t e r e s t  i s  th e  f a c t  th a t  t h i s  bond 

ap p ears to  be sym m etrica l s in c e  th e  oxygen atom s i n  q u e s t io n  are  

s i t u a t e d  about a c e n tr e  of symmetry.



5.
The p o s i t i o n  o f tn e  p ro ton  ta k in g  p a r t  in  hydrogen bond 

fo rm a tio n  h as been  th e  s u b je c t  o f c o n s id e r a b le  s p e c u la t io n .  

D ir e c t  ev id en ce  on t n i s  p o in t  i s  d i f f i c u l t  t o  o b ta in  s in c e  i t  

i s  r a r e ly  p o s s ib le  t o  e s t a b l i s h  th e  p o s i t io n s  o f hydrogen atom s 

by th e  X -ray m ethod. B ern a l and Megaw (1 9 3 5 ) have su g g e ste d  

th a t  in  th e  sh o r t  hydrogen bonds, such a s  occu r in  in o r g a n ic  

a c id  s a l t s ,  th e  hydrogen  atom may be sy m m etr ica lly  lo c a te d .

The lo n g e r  bonds (2 .7 0 A . or m ore), found in  hydroxy compounds, 

are co n s id er e d  t o  be u n sym m etrica l and c a l l e d  "hydroxyl" b onds. 

However, s p e c tr o s c o p ic  i n v e s t ig a t io n  o f  a la r g e  number o f  

compounds c o n ta in in g  hydrogen bonds h a s  alw ays r e v e a le d  th e  

p r e se n c e  o f an CH a b so r p tio n  band w nich would be ex p ected  t o  

be ab sen t in  a  sym m etrica l 0-H. .0  arrangem ent. T h is d i s 

symmetry i n  th e  hydrogen bond a l s o  e x p la in s  s u c c e s s f u l ly  th e  

o ccu rren ce  o f  th e  " r e s id u a l  entropy" in  many compounds such as  

i c e  and in o r g a n ic  a c id  s a l t s .  A su rvey  o f th e  ev id en ce  on 

t h i s  q u e s t io n  h a s  been g iv e n  by D a v ies  (1 9 4 6 ) .  On tn e  o th er  

hand, U bbelchde ( 1 9 4 9 ) m a in ta in s  th a t  p r o to n ic  reson an ce  makes 

a  c e r t a in  c o n tr ib u t io n  t o  th e  a t t r a c t iv e  f o r c e s  w hich are  

o p e r a t iv e  in  hydrogen bond fo rm a tio n , and h e h a s  su g g e ste d  

th a t  in  c e r t a in  c ir cu m sta n c es  th e  p ro to n  may be s i t u a t e d  

midway betw een tn e  two oxygen atom s.

In  v iew  o f th e  i n t e r e s t in g  f e a t u r e s  found by Speakman in  

th e  s tr u c tu r e  of p o ta ss iu m  hydrogen b is -p h e n y la c e ta te  i t  seemed 

w o rth w h ile  t o  ex ten d  th e  exam in ation  t o  th e  p o ta ss iu m  s a l t s  of
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o th er  m onobasic a c id s .  P art I .  o f t h i s  T h e s is  d e s c r ib e s  an 

i n v e s t ig a t io n  of tn e  s tr u c tu r e  o f p o ta ssiu m  hydrogen  

p -h y d ro x y b en zo a te . T h is  compound was prepared  by a method

a n a logou s to  th a t  o u t lin e d  by Parmer ( l o c .  c i t . )  who c la im ed  

th a t  i t  was anhydrous* As th e  a n a ly s i s  p roceed ed  i t  became 

c le a r  th a t  tn e  s a l t  was h y d ra ted . C onfirm atory ev id en ce  on 

t h i s  p o in t  i s  g iv e n  i n  an Appendix t o  P art I 0 In  p a r t  I I .  

d e t a i l s  are g iv e n  o f a  l e s s  co m p le te  i n v e s t ig a t io n  o f th e  s tr u c 

t u r e s  o f p o ta ss iu m  hydrogen b en zo a te  and p o ta ss iu m  hydrogen  

a n is a t e .



PART



6.
Potassium  Hydrogen B is-p -H y d ro x y b en zo a te .

C r y s ta l  .Data.

'.The fo l lo w in g  d a ta  w ere e s ta b l is h e d  by s i n g l e - c r y s t a l  

r o t a t io n  and o s c i l l a t i o n  p h o to g ra p h s, u s in g  cop p er K -^  

r a d ia t io n  (A « 1 .5 4 A ).

P otassiu m  hydrogen b is-p -h y d ro x y b en zo a t©  m onohydrate 

KH(G7 H5 C3 ) 2 *H2 0; m o le cu la r  w e ig h t 332*3; in .p t . decom poses  

above POO C., m o n o c iin ic  p r ism a t ic ;  a *  16 •4 0 (:f . 0 5 ) ,  

b « 3 .8 2 ( ± .0 2 ) ,  c = 1 1 .3 0 (± .0 2 ) A . f * ,  9 ? .5 ° ( + 0 .5 * ) ; volum e of  

u n i t  c e l l ,  7 0 6 .6 a  ; d e n s i t y ,  c a lc u la t e d ,  1 .5 6 ,  fou nd , 1 .5 4 ;  

two m o le c u le s  p er  u n i t  c e l l ;  P(CCO), 344; a b so r p tio n  c o e f f i c i e n t  

f o r  X -rays (Xa 1 .5 4 A. )ji  = 3 6 .9  cm?1
o

A bsent s p e c tr a :  h0£ when I  i s  odd. Space group C g-°c  

or Cpjj-PS/c. The l a t t e r  sp ace  group was adopted and i s  

j u s t i f i e d  by th e  outcome; i t  im p lie s  th a t  each m o lecu le  

p o s s e s s e s  e i t h e r  a c e n tr e  o f symmetry or a tw o -fo ld  a x i s .

E xp erim en ta l.

The s a l t  was r e c r y s t a l l i s e d  from a b s o lu te  a lc o h o l ,  th e r e  

b e in g  l i t t l e  c h o ic e  o f s o lv e n t  s in c e  th e  compound i s  r e a d i ly  

broken down i n t o  i t s  c o n s t i t u e n t s  (HX and KX) in  s o lu t io n .

The la th -sh a p ed  c r y s t a l s  th u s  o b ta in ed , in  w hich  (1 0 0 ) f a c e  

o n ly  i s  w e l l  d e v e lo p e d , showed s t r a ig h t  e x t in c t io n  under th e  

p o la r i s in g  m icro sco p e  and w ere r a th e r  b r i t t l e  b u t co u ld  be 

c u t  t o  s u i t a b le  d im en sio n s.
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Measurement o f  I n t e n s i t i e s .

The h 0 £ , hkO and Ok  ̂ r e f l e c t i o n s  w ere o b ta in ed  from  

W eissenberg  f i lm s  o f  th e  ze ro  la y e r  l i n e s  f o r  c r y s t a l s  

r o ta te d  about th e  b , c and a  a x e s .  In  ord er t o  o b ta in  

r e l a t i v e - i n t e n s i t y  m easurem ents th e  m u lt ip le  f i lm  tec h n iq u e  

(R o b ertso n , 1943) was u se d . The range o f i n t e n s i t i e s  

co v ered  was about 1000:1  and ex p o su res  o f 8 h ou rs w ere , in  

g e n e r a l ,  s u f f i c i e n t  f o r  th e  hOI zone but t h e s e  had t o  be 

in c r e a s e d  c o n s id e r a b ly  (up t o  about 16 h o u rs) f o r  th e  hkO and Okt 

z o n e s , on accou n t o f th e  much w eaker r e f l e c t i o n s  in  th e s e  

z o n e s . The ob served  i n t e n s i t i e s  w ere u l t im a t e ly  p la c e d  on 

an approxim ate a b so lu te  s c a le  by c o r r e la t io n  w ith  th e  s tr u c tu r e  

f a c t o r s  c a lc u la te d  from  th e  atom ic p a ra m eters .

C r y s ta l  D im en sion s.

For th e  h O i  zone th e  c r y s t a l  u sed  had a c r o s s - s e c t io n  

norm al t o  th e  b - a x is  o f 0.30mmo by O.ICmm., f o r  th e  hkO zone  

th e  c r o s s - s e c t io n  norm al t o  th e  c - a x i s  was 0.25mnu by 0 .2  0mm. 

and fo r  th e  0k£ zone th e  c r o s s - s e c t io n  norm al t o  th e  a - a x i s  

was 0.50mm. by 0<>5Ctam.

A b sorp tion  c o r r e c t io n s  w ere th u s  on ly  req u ired  in  th e  

h 0£  zo n e . The average p ath  through  th e  c e n tr e  o f  th e  c r y s t a l  

w as found f o r  each  in d iv id u a l  r e f l e c t i o n  by making a c e l l u l o i d  

s c a le  m odel o f th e  c r o s s - s e c t io n  o f th e  c r y s t a l  and p la c in g  

t h i s  a t  th e  c e n tr e  o f a c e l l u l o i d  s h e e t  on w hich  th e  r e f l e c t i n g  

c i r c l e  had been marked. By p la c in g  th e  w h o le  on a draw ing



o f th e  r e c ip r o c a l  l a t t i c e  th e  p ath  f o r  each  r e f l e x io n  c o a id  

be r e a d i ly  m easured . C o r r e c t io n s  made in  t h i s  manner 

d id  n o t a p p r e c ia b ly  a l t e r  th e  v a lu e s  o f F m easured and w ere  

th e r e fo r e  n o t  ad op ted .

3Ehe i n t e n s i t i e s  were a l s o  c o r r e c te d  w ith  th e  u s u a l  

X orentz and p o la r i s a t io n  f a c t o r s .
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A n a ly s is  o f th e  S tr u c tu r e .

An in t e r e s t i n g  f e a tu r e  o f th e  c e l l  d im en sio n s i s  th e  

v e r y  sh o r t le n g th  o f th e  b -a x is *  T h is  a t  once su g g e ste d  

th a t  th e  m o le c u le  must l i e  a lm ost a t  r ig h t  a n g le s  t o  t h i s  

a x is*  Hence a  p r o j e c t io n  a lo n g  th e  b - a x is  sh ou ld  g iv e  good  

r e s o lu t io n  and a t t e n t io n  was th u s  d ir e c te d  t o  t h i s  p r o je c t io n *  

S in ce  th e r e  are on ly  two p o ta ss iu m  atom s in  th e  u n i t  

c e l l ,  th e s e  atoms must l i e  e i t h e r  a t  c e n tr e s  o f  symmetry 

or on th e  t w o - fo ld  a x e s , s in c e  th e s e  are th e  on ly  tw o -fo ld  

p o s i t io n s  i n  th e  u n it  c e l l *  No such r e s t r i c t i o n  a p p l ie s  

t o  th e  o th er  atom s in  tn e  u n it  c e l l  but i t  w as hoped th a t  

u s e f u l  in fo r m a tio n  would be o b ta in ed  from a  P a tte r so n  

p r o j e c t io n  o f  th e  h O l  zone*

P a tte r so n  (1 9 3 4 ) h a s  shown th a t  th e  f u n c t io n
(,-+oo £=+cO ^  =

'P [jc -li z )  =  Z_. Z ] Z_. F h k i  c o s  2 ^  ( hx+' ky +l z . )

e x h ib i t s  p eak s a t  v e c to r  d is t a n c e s  from  th e  o r ig in  eq u a l 

t o  v e c to r  d is t a n c e s  betw een p a ir s  o f maxima in  e le c t r o n  

d e n s ity *  In  m ost c a s e s  th e  in t e r p r e t a t io n  o f a P a tte r so n  

diagram  i s  a m a tter  o f some c o m p le x ity . In  a tw o -d im e n sio n a l 

p r o j e c t io n ,  b eca u se  of o v er la p p in g  o f maxima, i t  becom es 

even  more d i f f i c u l t .

I f ,  h ow ever, th e  su b sta n ce  c o n ta in s  a h eavy  atom th en  

th e  peaks due t o  v e c to r  d is t a n c e s  betw een th e  heavy atom  

and any o th er  atoms w i l l  stan d  out and i t  i s  p o s s ib le  t o  

o b ta in  atom ic c o o r d in a te s  f o r  th e s e  atoms* In  c a s e s  where
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th e  heavy atom l i e s  in  a s p e c ia l  p o s i t io n  ( c e n tr e  or apparent

c e n tr e  o f symmetry ) ,  th e  diagram  th en  ap p rox im ates t o  th e

t y p ic a l  F o u r ier  diagram  and th e  a c tu a l  c o - o r d in a t e s  o f th e

l i g h t e r  atoms are o b ta in ed .

The fu n c t io n

P(xOz) = E C  FhOl  ̂ c o s  2 /K h x+ lz)

w as ev a lu a te d  by th e  method o f B eev ers  and l ip s o n  (1 9 3 4 ) u s in g  
2

th e  F v a lu e s  ob ta in ed  from th e  observed  i n t e n s i t i e s  o f  th e  

hO^ r e f l e x i o n s .  The r e s u l t s  o f  t h i s  s y n t h e s is  are shown in  

F i g . l  and i t  w i l l  be seen  th a t  th e  s i t u a t io n  i s  somewhat
the

c o n fu se d . One of th e  p o s s ib le  c a u se s  i s  th a t  "'potassium atom  

h a s  n o t  s u f f i c i e n t  d i f f r a c t in g  power to  swamp th a t  of th e  o th er  

atom s. The o b v io u s s o lu t io n  t o  t h i s  d i f f i c u l t y  was t o  a ttem p t  

isom orphous rep lacem en t o f th e  p o ta ssiu m  by a h e a v ie r  atom 

such  a s  th a lliu m  or rubidium .

No t h a l lo u s  s a l t  cou ld  be prepared  b ut rubidium  hydrogen  

p -h yd roxyb en zoate  proved t o  be isom orphous w ith  th e  p o ta ss iu m  

s a l t .  As m ight be ex p ected  th e r e  were sm a ll but n o t ic e a b le  

d i f f e r e n c e s  in  th e  l a t t i c e  d im en sio n s v i z .  a  = 1 6 .4 7  +. . 04A„, 

b — 3 .9 1  ^  *02A . , c = 1 1 .5 0  +_ . 02A. From moving f i lm  d a ta
o

B was found t o  be ap p rox im ately  9 3 .6  •

A s e t  o f r e l a t i v e  i n t e n s i t i e s  f o r  th e  h 0£  zone was 

o b ta in ed  from a  m u lt ip le  f i lm  s e r i e s  o f th e  z e r o  la y e r  of th e  

b - a x i s .  As i n  th e  c a s e  o f th e  p o ta ss iu m  s a l t ,  a  P a tte r so n  

p r o j e c t io n  w as made a lon g  th e  b - a x i s .  The r e s u lt a n t  diagram  

i s  shown i n  F i g .2 and i t  w i l l  be seen  th a t  th e  r e s o lu t io n  in



P ig . 1 .

P a tte r so n  s y n t h e s is  ( I ^ O ll^ )  ^ or iiydrogen p -h yd roxy

b e n z o a te . C o n to u r -lin e  s c a le  a r b itr a r y .



1 2 .

O

sc a le

P i g .2 .

P a tte r so n  s y n t h e s is  ( * or ruki&iu® hydrogen  p -h yd roxy

b en zoate*  C o n to u r -lin e  s c a le  a r b itr a r y .
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T able 1 .

C o o rd in a tes from P a tte r so n  diagram  in  P ig .  2 .

Atom x / a 2 n x /a z / c 2 f iz /c

Rb 0 .0 0 0 .0 0 .0 0 0 .0

0 (1 ) 0 .5 0 1 8 0 .0 0 .0 0 0 .0

0 (2 ) 0 .0 6 2 1 .6 0 .2 1 7 5 .6

0 (3 ) 0 .1 1 3 9 .6 0 .3 9 1 4 0 .4

0 (4 ) 0 .4 4 1 5 8 .4 0 .1 7 6 1 .2

0 (1 ) 0 .1 2 4 3 .2 0 .3 1 11 1 .6

0 (2 ) 0 .2 1 7 5 .6 0 .2 7 9 7 .2

0 (3 ) 0 .2 2 7 9 .2 0 .1 4 5 0 .4

0 (4 ) 0 .3 1 111 .6 0 .1 2 4 3 .2

0 (5 ) 0 .36 129 .6 0 .2 0 7 2 .0

0 (6 ) 0 .3 4 1 2 2 .4 0 .3 2 1 1 5 .2

0 (7 ) 0 .2 7 9 7 .2 0 .3 4 1 2 2 .4
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t h i s  c a se  was e x c e l l e n t .  A s e t  of x  and z c o o r d in a te s ,  g iv e n  

in  Table 1 was ob ta in ed  f o r  th e  atoms w hich gave a good  

agreem ent w ith  th e  observed  s tr u c tu r e  a m p litu d e s . U sin g  th e  

same c o o r d in a te s  f o r  th e  p o ta ss iu m  s a l t  and c a lc u la t in g  th e  

co rresp o n d in g  hO^ s tr u c tu r e  f a c t o r s ,  th e  agreem ent was l e s s  

c l o s e .  No a llo w a n ce  was made a t  t h i s  s ta g e  f o r  th e  p r e se n c e  

o f th e  w a ter  m o le c u le . I t  i s  ob v iou s th a t  th e  a d v erse  e f f e c t
on

o f t h i s  "'discrepancy betw een F c a lc u la te d  and F measured w i l l  

be more pronounced f o r  th e  p o ta ss iu m  s a l t .

At t h i s  s ta g e  th e  ex p er im en ts  t o  p rove th e  tr u e  co m p o sit io n  

o f th e  s a l t  w ere u n d ertak en . Once i t  was proved to  be a 

h y d r a te , th e  re fin em en t o f th e  hOI  zone p aram eters o f th e  

rubidium  s a l t  by s u c c e s s iv e  F o u r ie r  a n a ly s is  w as soon a c h ie v e d .  

When th e  d isc r e p a n c y  betw een F m easured and F c a lc u la te d  w as 

2 1 $  f o r  th e  observed  p la n e s ,  th e  c o o r d in a te s  ob ta in ed  w ere  

u se d  t o  c a lc u la t e  s ig n s  f o r  th e  s tr u c tu r e  a m p litu d es  o f th e  

p o ta ss iu m  s a l t .  The f i n a l  e le c t r o n  d e n s i t y  map ob ta in ed  by 

th e  summation o f th e  s e r i e s

p {  x ,z  ) = £  Ffco£ c o s  2 fT (h x /a  + l z / c )

i s  shewn in  F i g .3 , w ith  an ex p la n a to ry  diagram  in  F i g .4 .

The e le c t r o n  d e n s ity  was e v a lu a te d  a t  6 °  i n t e r v a l s  a lo n g  each  

a x i s .  The a and c a x es  w ere d iv id e d  i n t o  6 0  p a r t s ,  corresp on d 

in g  t o  i n t e r v a l s  of .188A  a lo n g  c and .2 7 3 A a lo n g  a . For 

th e  summation, th e  th r e e  f ig u r e  s t e n c i l  method (R ob ertson  1948) 

w as u sed  and th e  d e n s ity  th u s  computed a t 900 p o in t s  in  th e  

asym m etric p r o j e c t io n .



Sca.le

F ig .  3 .

F o u r ie r  s y n t h e s is  (F^q-̂ ) f o r  p o ta ssiu m  hydrogen  p -hyd roxy  

b e n z o a te , p r o je c te d  a lo n g  th e  b - a x i s .  The c o n to u rs  r e p r e s e n t  

d e n s it y  in crem en ts  o f  one e le c t r o n  p er  A i n  th e  carbon and 

oxygen atoms and two e le c t r o n s  p er A in  th e  p o ta ssiu m  atom . 

The o n e -e le c tr o n  con tou r i s  d o t te d .
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o 21

F ig . 4 .

Arrangement o f  atom s in  b - a x is  p r o j e c t io n .  The c e n t r e s  o f  

symmetry shown on th e  l i n e  x  = 0 a re  a t  y  a  0 or l /2 b ;  th o s e  

on x  «  l / 2 a  a re  a t  y  = 3 /2b  or 0*
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The f i n a l  x  and z c o o r d in a te s  ch osen  from th e  F o u r ie r  map 

are marked by d o ts  in  F ig .3* S tr u c tu re  f a c t o r s  f o r  th e  hO l

zon e w ere r e c a lc u la t e d  and, s in c e  th e r e  w ere no fu r th e r  s ig n  

ch a n g es, re f in e m e n t was c o n s id e r e d  com p lete  -  a t  l e a s t  by 

th e  dou b le F o u r ier  s y n t h e s is  m ethod. The d isc r e p a n c y ,  

ex p ressed  as

was 17«9$ f o r  th e  observed  p la n e s .  In  t h i s  zone 138 out o f  

a p o s s ib le  232 p la n e s  w ere o b served .

In t h i s  p r o j e c t io n  c e n tr e s  and tw o -fo ld  a x es  o f symmetry 

a re  in d is t in g u is h a b le .  I f  th e  p o ta ssiu m  a t  an i s  s i t u a t e d  a t  

a  c e n tr e  of symmetry th en  th e  m id -p o in t o f 0 (2 )  . . .  0 (2 * )

i s  on an a x i s .  However, th e  d is ta n c e  betw een  0 (2 )  and 0 (2 * )  

i s ,  in  p r o j e c t io n ,  2 .3A . w hich  i s  much to o  lo n g  f o r  a s im p le  

c o v a le n t  bond and to o  sh o r t  f o r  a hydrogen bond or no bond 

a t  a l l .  C on seq u en tly  i t  must be presumed th a t  th e  oxygen atcm s 

l i e  a t  d i f f e r e n t  l e v e l s  and are r e la t e d  by a  c e n tr e  o f symmetry 

w hich  was th u s ch o sen  as o r ig in .

Because ox th e  v ery  sh o r t  b - a x is  i t  i s  u n l ik e ly  m a t  

r e s o lu t io n  in  th e  hkO or 0k£ zo n es  w i l l  be good , but in  

a r r iv in g  a t  a p r e lim in a r y  s e t  of y -p a ra m eters  some u s e f u l  

g u id a n ce  may be ob ta in ed  by d e t a i le d  c o n s id e r a t io n  of th e  h O t  

p r o j e c t io n .  For exam ple, th e  d is ta n c e  C(3)-C(t>) i s  about 2 .6 A . 

and i f  a r e g u la r  h ex a g o n a l s tr u c tu r e  be assumed f o r  th e  b enzene  

r in g  th en  th e  d i f f e r e n c e  in  th e  y -c o o r d in a te s  o f C(3) and C(6) 

m ust be 1A0 There w ere ob v iou s in d ic a t io n s  o f some i r r e g u la r i t y

£  |F m eas.
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i n  th e  arom atic r in g ,  f o r  th e  p r o je c te d  d is ta n c e  C (2 )-C (5 )  

i s  a lm ost 2 .8 A . hut th e  d is t a n c e s  betw een C (3 )-C (4 ) and 

C (o )-C (7 ) are on ly  1 .3 A. As a f i r s t  ap p roxim ation  a d i f f e r e n c e  

i n  l e v e l  of .5A  w as assumed betw een  C (2) and C (5 ) . In  a 

s im i la r  manner th e  c o o r d in a te s  o f atoms C (4) and C(7 )  appeared  

t o  d i f f e r  by about 1A«

0 (2 )  and 0 (3 )  must be a t a lm ost th e  same l e v e l  f o r  th e  

d is ta n c e  betw een them m easures 2 .2 A . T h is su g g e s t io n  i s  

r e in fo r c e d  by th e  f a c t  th a t  th e  l i n e  j o in in g  0 (2 ) and 0 (3 ) i s  

a lm o st p e r p e n d ic u la r  t o  th e  d ir e c t io n  C ( l ) - C ( 2 ) .

The p o s i t i o n s  o f th e  p o ta ssiu m  and oxygen 0 (1 ) atoms 

w ere found ap p rox im ately  from  a  c o n s id e r a t io n  of th e  hlO  

r e f l e x i o n s .  These w ere observed  t o  be sm a ll when A i s  even  

and r e l a t i v e l y  la r g e  when J l i s  odd. An arrangem ent w as th u s  

so u g h t in  w hich th e  c o n tr ib u t io n s  of both  atom s t o  th e  s tr u c tu r e  

f a c t o r  r e in fo r c e d  each o th er when A I s  odd and w ere opposed  

when 4i i s  ev en . T h is i s  th e  c a s e  i f  th e  p o ta ssiu m  atom i s  

s i t u a t e d  a t ap p rox im ately  y = l/3 b  and th e  oxygen a t  an a t  z e r o  

d is ta n c e  a lon g  th e  b - a x is .

On th e s e  l i n e s  a s e t  of y -c o o r d in a te s  was ob ta in ed  w h ich ,
■ e n q  bl«d

w ith  m inor a l t e r a t io n s ,^ s ig n s  t o  be g iv e n  t o  th e  s tr u c tu r e  

f a c t o r s  o f  th e  hkO zo n e . A F o u r ie r  s y n t h e s is  was c a r r ie d  

out b u t , ap art £rom co n firm in g  th e  p o s i t i o n s  o f atom s K ,0 (1 )  

and 0 ( 4 ) ,  was o f l i t t l e  v a lu e .  The a n a ly s i s  th u s  p roceed ed  

m a in ly  by t r i a l  and e r r o r  u n t i l  a  s tr u c tu r e  w as ob ta in ed  g iv in g
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a 30$ d iscr e p a n cy  between F measured and F c a lc u la t e d .  Even 

a t t h i s  s ta g e  th e  F o u r ie r  map proved to  be u n in fo rm a tiv e  and 

showed no s ig n  o f r e f in in g .  I t  was c o n s id e r e d  p o s s ib le  th a t  

t h i s  m ight be d u e, in  p a r t ,  t o  th e  n o n - i n f i n i t e  l i m i t s  of 

summation. In  t h i s  zone on ly  4 o rd ers  of k are  a c c e s s ib le  

t o  Cu K><*radiation and i t  was th ou gh t d e s ir a b le  t o  in c r e a s e  

t h i s  range by u s in g  X -ra y s  o f a sh o r te r  wave le n g th . For t h i s

p u rp ose Mo X& r a d ia t io n  ( A  = .TIO^A.) was th e r e fo r e  u se d . When

c r y s t a l s  s im ila r  i n  d im en sion s to  th o se  employed fo r  th e  work 

w ith  copper r a d ia t io n  were u sed  v ery  lon g  ex p o su r es  w ere  

r eq u ire d  ( C f. Hughes 1941 ) and th e  background i n t e n s i t y  

b u i l t  up r a p id ly  and no a d d it io n a l  r e f l e x io n s  co u ld  be ob serv ed , 

la r g e r  c r y s t a l s  ( up t o  1mm. i n  c r o s s - s e c t io n  ) were a l s o  

t r i e d  but in  s p i t e  o f t h i s  no orders h ig h e r  th an  th e  fo u r th  

order o f k w ere ob served .

T r ia l  and e rro r  m ethods had th u s  t o  be co n tin u ed  and 

f i n a l l y  a s tr u c tu r e  was ob ta in ed  g iv in g  a d iscr e p a n cy  o f 2 4 . 9$  

over th e  observed  p la n e s .  An e le c t r o n  d e n s it y  map f o r  t h i s  

zone was o b ta in ed  in  a manner s im ila r  t o  t h a t  u sed  in  th e  hOt  

z o n e . The a and b a x es  w ere d iv id e d  in t o  6 0  p a r t s ,  c o r r e s 

p onding t o  i n t e r v a l s  of .273A . a lon g  a and .O64A. a lon g  b.

The r e s u l t in g  map i s  shown i n  F ig .  6 .

I t  w i l l  be seen  from t h i s  th a t  c o n fir m a tio n  o f th e

p o s i t i o n  o f th e  p o ta ssiu m  a t cm and th e  oxygen atoms 0 ( 1 ) and 

0 (4 )  i s  ob ta in ed  b u t th e  o th er  atoms of th e  asym m etric u n i t  

are u n r e s o lv e d . The peak a t th e  o r ig in  can  be shown t o  be



20 *

k b

o <£d SinX  Sin 3

0 l  Z 3 A1 I_______I______I
S c * k

F ig .  5 .

F o u r ie r  s y n t h e s is  ( F^kf)) f o r  p o ta ss iu m  h ydrogen  p -hydroxy  

b e n z o a te , p r o je c te d  a lo n g  th e  e - a x i s .  The co n to u rs  r e p r e se n t  

d e n s it y  in crem en ts  o f 2 e le c t r o n s  p er  A. The tw o -e le c tr o n  

co n to u r  i s  d o t te d .
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a d i f f r a c t i o n  e f f e c t  cau sed  by xhe p o tassiu m  peak a t  y = .3 3 3 .  

The p o s i t io n s  ch o sen  fo r  th e  in d iv id u a l  atoms are  in d ic a te d  

by c r o s s e s .

The d isc re p a n cy  over 63 o f a p o s s ib le  93 r e f l e x io n s ,

c a lc u la te d  in  th e  same manner a s  in  th e  hO^ zo n e , i s  2 4 .9 $ .

A lthough t h i s  i s  r a th e r  h ig h  i t  may be a t t r ib u t e d ,  in  p a r t ,  t o

th e  low average v a lu e  of th e  s tr u c tu r e  f a c t o r s  in  t h i s  z o n e , f o r

th e  average a b s o lu te  d iscrep a n cy  ( i e .  th e  a c t u a l  n u m erica l

d e v ia t io n  betw een c a lc u la te d  and measured s tr u c tu r e  f a c t o r s )  i s

2 .7  compared w ith  th e  v a lu e  3 .0  fo r  th e  hOl  zo n e . A nother way

(Abrahams and R ob ertso n , 1949) o f show ing th e  dependence of th e

v a lu e  c a lc .I  -  If m eas.lj on th e  a b so lu te  v a lu e  o f th e
£ |F  m eas. |

i n t e n s i t i e s ,  i s  by e x p r e s s in g  th e  d isc re p a n c y  as

2(1 F c a lc . l  -  Iff m eas. ll 
£ |F  max.|.

w here F max. r e p r e s e n ts  th e  maximum v a lu e  th e  s tr u c tu r e  f a c t o r  

w ould have i f  a l l  th e  atoms made c o n tr ib u t io n  in  phase f o r  th a t  

p a r t ic u la r  p la n e . For th e  h 0 £  zone th e  d isc re p a n cy  on t h i s  

b a s i s  i s  3*^3 and f o r  th e  hkO zone i t  i s  3 .9 8 .  C on vertin g  t o  

th e  o r ig in a l  s c a le  f o r  th e  h O ^ zo n e th ey  become 1 ? .9 $  and 18«6$  

r e s p e c t iv e ly .

F in a l ly  th e  s tr u c tu r e  w as t e s t e d  by com paring c a lc u la te d  

and m easured s tr u c tu r e  f a c t o r s  f o r  th e  0k£ z o n e . Some 40 out 

o f  a t o t a l  p o s s ib l e  57 r e f l e x io n s  were observed  and th e  d i s 

crep an cy  was 27©2$. T h is a g a in  i s  r a th e r  h ig h  but th e  rem arks



made on th e  h ig h  d iscre p a n cy  in  tn e  hkO zone are a l s o  a p p lic a b le  

h e r e .  A com p lete  l i s t  of tn e  s tr u c tu r e  f a c t o r s  i s  g iv e n  in  

Table ? .  The c o o r d in a te s  f i n a l l y  adopted are g iv e n  in  T ab le 2 , 

w here th e  atom ic p o s i t i o n s  x * , y  and z* are  e x p r e sse d  w ith  

r e s p e c t  t o  o r th o g o n a l a x e s  i n  w hich  c f c o in c id e s  w ith  c •

A l i s t  o f th e  p r in c ip a l  in te r a to m ic  d is ta n c e s  i s  g iv e n  in  T able 4*
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Table  2 .

Atomic C o -o rd in a tes*

(O r ig in  a t c e n tr e  of symmetry. See Pig* 4 f o r  numbering o f atoms*

X ,  x ' » y» z and z ' i n  A .)

Atcrn x / a X X' y A y z / c z z*

K* 0 .0 0 0 0 0 .0 0 0 .0 0 -0 .3 3 3 - I .273 0 .2 5 0 0 2 .8 2 5 2 • 825

0 ( 1 ) .5 0 0 0 8 . 2 0 8 .1 9 2 -  .0 1 7 - O . O S ^ -  .2 5 0 0 - 2 .8 2 5 —3 • 187

0 (2 ) .0 6 7 5 1 .1 0 g 1 . 10g .1 2 5 0 .4 7 q -  .0 3 9 5 - 0 .4 4 3 —0*495

0 (3 ) .0 9 9 4 ! . 6 3 o 1 .6 2 e .133 0 .5 0 9 .1 5 0 9 1 .7 0 5 1*633

0 (4 ) .4432 7 .2 6 9 7 .2 6 x .3 5 0 1*33? -  .0 7 2 8 —0.82^ - 1 .1 4 4

0 (1 ) .1 1 9 1 1 .9 5 4 1 .95g .1 5 0 0 .5 7 3 .0 5 0 0 0 .5 6  5 O.4 7 9

0 (2 ) .2056 3 .3 7 X 3*36g .208 0 .7 9 6 .0149 0. 16 g 0 . 02 o

0 (3 ) .2309 3 .7 8 6 3 .7 8 2 .133 0 .5 0 g -  .0982 - i . i i 0 - ! . 2 7 8

0 (4 ) .3 0 8 0 5 .0 5 2 5 .0 4 ? .1 6 7 0 .6 3 ? -  .1 2 4 6 -1 .4 0 3 -1 .6 3 ]_

0 (5 ) .3 6 6 1 6 . 00j 5 .9 9 ? .308 1 .1 7 g -  .0 4 1 2 - 0 .4 6 3 - 0 .7 3 !

0 (6 ) .3 3 8 9 5 .5 5 8 5*552 .383 1 .4 6 . .0693 0 .7 8 3 O.5 3 7

0 (7 ) .2617 4 .2 9 2 4*283 *350 1 .3 3 y .0939 1 . 06 ! 0 .8 7 x
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T able %

C o -o r d in a te s  ex p ressed  in  d e g r e e s .

Atom 2 fix /a 2ify/b

K* 0 .0 - 1 2 0 .0

0 (1 ) 1 8 0 .0 — 6 .1

0 (2 ) 2 4 .3 4 5 .0

0 (3 ) 3 5 .8 4 7 .9

0 (4 ) 15 9 .6 1 2 6 .0

0 (1 ) 4 2 .9 5 4 .0

0 (2 ) 7 4 .0 7 4 .9

0 (3 ) 8 3 .1 4 8 .0

0 ( 4 ) 1 1 0 .9 6 0 .1

0 (5 ) 1 3 1 .8 1 1 0 .9

0 ( 6 ) 1 2 2 .0 1 3 7 .9

0 (7 ) 9 4 .2 1 2 6 .0

2 u z /c

9 0 .0  

9 0 . 0

- 14.2

54 .3

- 2 6 .2

1 8 .0  

5 .4

- 3 5 .4

- 4 4 .9

- 1 4 .8

2 4 .9

3 3 .8
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T able 4 .

P r in c ip a l  In te ra to m ic  D is ta n ces*  (A*)

Atoms. D is ta n c e . Atoms. D is ta n c e

0 ( 2 ) —0(3 2*19 C (6 )-C (7 ) 1 .3 1

CVj

o1C5 1 .2 9 0 (7 )  ~ 0 (2 ) 1 .3 7

C( l ) - 0 ( 3 1 .2 0 C (5 )-0 (4 ) 1 .3 4

0 (1 )-C (2 1 .5 0 0 ( l ) - 0 ( 4 ) 2 .5 8

C (2)-C (3 1 .3 9 0 ( 2 ) - 0 ( 2 * ) 2 .6 1

C (3 )-C (4 1 .3 2 0 (4 ) -0 (4 *  * *) 2 .6 9

0 (4 )-C (5 1 .3 7 K+- 0 ( 2 ) 3 .1 0

C (5)-C (6 1 .3 7 K * -0 (3 ) 2 .7 0

in g le  0( 2 )-C ( 1)--0 (3 ) = 123°

/

//
9S%" .

P ig .  6 .

Measured in te r a to m ic  d is t a n c e s .
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Atomic S c a t te r in g  C urves*

The o r ig in a l  s c a t t e r in g  cu r v e s  a s  o b ta in ed  from th e

I n te r n a t io n a le  T a b e lie n  were adequate f o r  th e  p re lim in a r y  work

but had t o  be r e p la c e d  by tem p eratu re c o r r e c te d  c u r v e s . At

f i r s t  two c u rv es  f o r  carbon and c h lo r in e  a s  u sed  by B in n ie

( T h e s is ,  Glasgow 194-8) w ere em ployed. The assum ption  w as made

th a t  K* and Cl*" w i l l  have ap p rox im ately  eq u a l s c a t t e r in g  pow er.

The carbon and oxygen c o n tr ib u t io n s  w ere o b ta in ed  from tn e

carbon  curve and w e ig h ted  i n  r a t i o  6 :8 . In  th e  la t e r  s t a g e s

o f  tn e  a n a ly s i s ,  how ever, th r e e  c u rv es  were u se d . Those f o r

carbon and oxygen w ere ob ta in ed  from  th e  H artree  s c a t t e r in g

f a c t o r s  ( I n t e r n a t io n a le  T a b e llen  p . 871) by m u lt ip ly in g  by th e
1 6  ^tem perature c o r r e c t io n  f a c t o r  e ~ # s in  • An ex p er im e n ta l 

cu rve was th en  drawn f o r  p o ta ss iu m , d e t a i l s  o f  w hich  are g iv e n  

in  tn e  Table b elow .

T able 5 .

s in  6 0 0 . 1  0 .2  0 .3  0 . 4- 0 .5  0 .6  0 .7  0 .8  0 .9

fK+ 18 1 6 .1 0  1 3 .3 5  1 0 .4 0  7 .8 0  6 . 2 0  5 .0 5  4 . 1 0  3 . 1 5  2 .6 0

f o r  th e  p u rp ose o f com p u tation  th e  s tr u c tu r e  f a c t o r  f  was 

c o n v er ted  t o  f* by th e  r e l a t i o n s ,

F *(000) a f (0 0 0 )  x  A rea o f p r o j e c t io n

F *(ho£) a F (ho£) x  X rea or p r o j e c t io n  

A s im ila r  c o n v e r s io n  w as u sed  in  th e  hkO zo n e .



27.

D is c u s s io n .

The in v e s t ig a t io n  o f tn e  s tr u c tu r e  o f t h i s  compound 

w as attem pted  m a in ly  in  order t o  determ ine w h eth er any 

g e n e r a l  s im i l a r i t y  e x is t e d  betw een  i t  and th e  s tr u c tu r e  o f  

p o ta ss iu m  h ydrogen  b is -p h e n y la e e ta te  (Speakman, 1 9 4 9 ).

A lthough  th e  p r e s e n t  s tr u c tu r e  h a s  n ot been  a s  s a t i s f a c t o r i l y  

r e s o lv e d ,  i t  d o es  appear th a t  tn e  two compounds do, i n  f a c t ,  

conform  t o  th e  same g e n e r a l p la n . The common fe a tu r e  i s  in  

th e  d is p o s i t io n  o f th e  ca r b o x y l groups and th e  p o ta ssiu m  io n s .  

A p la n  o f th e  s tr u c tu r e  in  t h i s  r e g io n  i s  shown i n  P ig .  7 .

The oxygen atoms are grouped in  o c ta h e d r a l arrangem ent 

about th e  p o ta ssiu m  io n s  w hich l i e  on tw o -fo ld  a x es  on th e  

(1 0 0 )  p la n e s .  The d is ta n c e s  betw een th e  p o ta ss iu m  io n  and 

tn e  oxygen atoms are somewhat anom alous, 4 o f  them 0( 3 ) 

ly in g  a t  a d is ta n c e  o f 2 .69A , w n ile  th e  o th er  two 0 (2 )  a re  

3*12A d is t a n t  from  th e  p o ta ss iu m  io n .  These v a lu e s  are  j u s t  

i n s i d e  th e  l i m i t s  o f th e  g e n e r a l ly  a ccep ted  v a lu e s  of th e  

K -0 bond d is t a n c e s .  Most o f  th e  v a lu e s  g iv e n  f o r  tn e  K-C 

s e p a r a t io n  a re  about 2 .8 5  -t .1A  ( s e e ,  f o r  exam p les, B eev ers  

and H ughes, 1941; Crowfoot e t  a l i a ,  1949; Cox, J e f f r e y  and 

S ta d le r ,  1 9 4 9 ) .

C o n sid era b le  d i s t o r t io n  o f  th e  o c ta h e d r a l arrangem ent 

i s  observed  w ith  r e s p e c t  t o  th e  d i s p o s i t io n  o f  th e  oxygen  

atom s 0 ( 2 ) .  T hese may be c o n s id e r e d  t o  be d is p la c e d  in  a
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Arrangement o f p o ta ss iu m  io n s  and ca r b o x y l g ro u p s. The 

p o ta ss iu m  io n s  l i e  on th e  ( 1 0 0 ) p la n e s ;  th e  c a r b o x y l grou p s  

r e p r e se n te d  by h eavy  l i n e s  are  on th e  n e a r e r  s id e ,  th o se  

r e p r e se n te d  by f a i n t  l i n e s  on th e  fu r th e r  s id e ,  o f th e s e  p la n e s ,
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c lo c k w ise  d ir e c t io n  in  P ig .  4-* Prom th e  same f ig u r e  i t  w i l l  

be apparent th a t  th e  co n to u rs  o f th e  p o ta ss iu m  io n  are e l l i p 

t i c a l  w ith  th e  m ajor a x is  p o in t in g  in  th e  101  d i r e c t io n .

These f e a tu r e s  were a l s o  n o ted  in  th e  s tr u c tu r e  o f p o ta ss iu m  

hydrogen b is -p h e n y la c e ta te  and Speakman h a s  su g g e sted  th a t  

th e  p o ta ssiu m  io n  may be ca p a b le  o f a g r e a te r  d egree  o f  

v ib r a t io n  in  t n i s  d ir e c t io n  b ecau se  o f t h i s  d i s t o r t io n  o f  

th e  octahedron  o f  oxygen atom s. I t  i s  p ro b a b le  th a t  th e  

d i s t o r t io n  o f  t h i s  octahedron  i s  due t o  th e  hydrogen bond 

fo rm a tio n  betw een tn e  c a r b o x y l groups and t o  s im ila r  bond 

fo rm a tio n  betw een th e  p h e n o lic  g ro u p s. I f  t h i s  l a t t e r  

f a c t o r  i s  o f  s ig n i f i c a n c e  i t  may be th e  rea so n  f o r  tn e  

g r e a te r  d egree  o f  o c ta h e d r a l d i s t o r t io n  observed  in  t h i s  

compound a s  compared w ith  th e  p h e n y la c e ta te .

As m entioned above, hydrogen  bond fo rm a tio n  occu rs  

betw een th e  c a r b o x y l g ro u p s. The atoms 0 (2 )  and 0 (2 * )  

are c a lc u la te d  t o  be about 2 . 6 A a p a rt and s in c e  th e r e  i s  one 

a c id ic  hydrogen atom f o r  each p a ir  o f p -hydroxy b en zo a te  

r e s id u e s ,  th en  i t  appears c e r t a in  th a t  t h i s  atom i s  s i t u a 

te d  betw een 0 ( 2 )  and 0 ( 2 * ) .  I t  i s ,  u n fo r tu n a te ly ,  n o t  

p o s s ib le  t o  q u ote  th e  bond le n g th  a c c u r a te ly  h ere  b eca u se  o f  

th e  la ck  o f c e r t a in t y  as t o  th e  y - c o - o r d in a t e s .  In  th e  

t r i a l  s tr u c tu r e s  o f th e  hkO zo n e , how ever, any attem pt t o  

in c r e a s e  th e  d is ta n c e  beyond 2 .65A  r e s u lt e d  in  an in c r e a s e  

in  th e  d iscre p a n cy  betw een P m easured and P c a lc u la t e d .
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The bond th u s  appears to  be th e  * a c id  s a l t f ty p e  of hydrogen  

b r id g e  w hich h a s  been rep o r ted  fo r  numerous in o r g a n ic  a c id  

s a l t s .  For exam ple KHpPO  ̂ h a s  been found t o  have an O-H-O 

bond o f 2 .3 4  A (H en d rick s, 1927; W est, 1930) and in  NaHOÔ  

th e  v a lu e  2 .55A  i s  g iv e n  ( Z a ch a ria sen , 1 9 3 3 ) , in d ic a t in g  

s tr o n g  hydrogen bond fo rm a tio n  -  th e  s h o r te s t  v a lu e  re p o r te d  

f o r  th e  O-H-O d is ta n c e  b e in g  2 .p lA  ( B r i l l ,  Hermann and P e te r s ,  

1 9 3 9 ) .

In  th e  lo n g e r  and weaker hydrogen bonds w hich  occu r, 

f o r  exam ple, in  i c e  (B arn es, 1929) th e  oxygen atoms are 2 . ‘f6A 

d is t a n t  from each  o th er . I t  i s  g e n e r a lly  co n s id er e d  th a t  

in  such e a s e s  th e  hydrogen atom i s  s itu a te d  a t about 1A 

from one o f th e  tw o oxygen atoms and 1.7A  from  th e  o th e r , or 

t o  o s c i l l a t e  betw een two e q u iv a le n t  p o s i t i o n s  each  about 1A 

from  one of th e  tw o oxygen atom s. For th e  sh o r te r  bonds, 

such a s  occur in  in o r g a n ic  a c id  s a l t s ,  H uggins (1 9 3 3 ) h a s  

su g g ested  th a t  th e r e  may be a s in g le  p o s i t i o n  of minimum 

en ergy  in  w hich th e  p ro ton  i s  lo c a te d  e x a c t ly  mid-way 

betw een one two oxygen atoms th ereb y  form ing a f sym m etrica l' 

hydrogen bond. R obertson  and Ubbelohde (1 9 3 9 ) have in v e s t ig a t e d  

th e  e f f e c t  o f deuterium  s u b s t i t u t io n  on th e  c r y s t a l  s tr u c tu r e  

o f o x a lic  a c id  d ih y d r a te . T h eir  r e s u l t s  in d ic a te d  th a t  

s p e c ia l  reso n a n ce  e f f e c t s  appeared t o  be p r e s e n t  and th a t  

th e  hydrogen bond betw een th e  w a ter  m o le cu le  and th e  c a r b o x y l  

group m ight be sym m etrica l. Such a  s i t u a t io n  h a s  a ls o  been  

p o s tu la te d  in  R o c h e lle  s a l t  below  th e  C urie p o in t  by
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U bbelchde and Woodward, (1946) • Entropy s t u d ie s  (S tep h en so n  

and H ooley , 1944) h a v e , how ever, f a i l e d  t o  con firm  t h i s  and, 

in  f a c t ,  appear to  su g g e st  th a t  in  th e  in o r g a n ic  a c id  s a l t s  

th e  hydrogen bond i s  u n sy m m etrica l.

The hydrogen  bond in  p o ta ssiu m  hydrogen p-hydroxy  

b en zo a te  i s  s im ila r  t o  th a t  in  p o ta ss iu m  hydrogen  b i s -  

p h e n y la e e ta te  and i s  th e r e fo r e  a second exam ple o f w hat, by 

c r y s ta l lo g r a p h ic  req u irem en t, appears t o  be a  sym m etrica l 

hydrogen  bond. (F or a s im ila r  ty p e  of bond in  sodium  

se sq u ic a r b o n a te  see  B ro w n ,P eiser  and T urner-J o n es , 1 9 4 9 ).

Even in  a  c a s e  such a s t h i s ,  how ever, th e  m ost w id e ly  h e ld  

v iew  i s  th a t  th e  e f f e c t  i s  s t a t i s t i c a l  and th a t  th e  hydrogen  

atom would be i n  a  s t a t e  of v ib r a t io n  betw een  two e q u ilib r iu m  

p o s i t io n s  on e i t h e r  s id e  o f th e  symmetry c e n t r e .

A s im ila r  but r a th e r  more com plex s i t u a t io n  o ccu rs in  

th e  r e la t io n  betw een th e  p h e n o lic  groups o f a d ja cen t m o le c u le s ,  

i n  th e  s tr u c tu r e  o f p o tassiu m  hydrogen p -hydroxy b en zo a te .

The r e la t io n s  between The v a r io u s  oxygen atom s are i l l u s t r a t e d  

diagram m atic a l l y  in  F ig .  6 . A d is ta n c e  o f 2 .69A  s e p a r a te s  

th e  atoms 0 (4 ) end 0(4") w hich are d isp o se d  about a c e n tr e  o f  

symmetry and c o n se q u e n tly  we h ave h ere  an oth er a p p a ren tly  

sym m etrica l hydrogen  bond. In  a d d it io n , how ever, th e  d is ta n c e  

0( l ) - 0 ( 4 ) i . e .  betw een th e  oxygen o f th e  w a ter  m o lecu le  and 

th e  p h e n o lic  group i s  only 2 . 5bA so  th a t  a s tr o n g  hydrogen  

bond must a l s o  e x i s t  h e r e . There are  th u s  6 sh o r t  0 -0  d is t a n c e s  

(c o n tin u o u s  l i n e s  in  F ig .6 ) in  tn e  w nole u n it  c e l l  and th e
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o

ire.

M g . 8 .

The arrangem ent o f th e  p h e n o lic  groups and w a te r  m o le c u le s .

The oxygen atom s 0( 1) o f  th e  w a te r  m o le c u le s  l i e  on th e  (1 0 0 )  

p la n e s ;  th e  oxygen atom s 0( 4 ) o f  th e  p h e n o lic  groups rep re 

s e n te d  by heavy l i n e s  are on th e  n e a r e r  s id e ,  th o se  r e p r e se n te d  

by f a i n t  l i n e s  on th e  fu r th e r  s id e  o f th e s e  p la n e s .



33 .

t o t a l  number of p ro to n s  a v a i la b le  f o r  hydrogen bond fo rm a tio n  

i s  e ig h t .  C onsequently  no s im p le  s tr u c tu r e  can  be w r i t t e n  

w hich  a d eq u a te ly  d e s c r ib e s  th e  s i t u a t io n ,  so  a s  t o  conform  t o  

th e  c r y s ta l lo g r a p h ic  re q u ir em e n ts . An e q u a lly  c o n fu s in g  

s i t u a t io n  a r i s e s  i f  hydrogen bonds are a ls o  presumed to  e x i s t  

in  th e  d ir e c t io n s  in d ic a te d  by d o tte d  l i n e s  i n  F i g .6 . The 

t o t a l  number o f bonds th en  becom es 10  and th e r e  are now 12 

p r o to n s  a v a i la b le .  A p o s s ib le  e x p la n a tio n  h ere  i s  th a t  th e  

p r o to n s  may have some d egree o f m o b il ity  so  th a t  th e  s e v e r a l  

s tr u c tu r e s  p o s s ib le  are e q u iv a le n t  and no one p a r t ic u la r  

c o n f ig u r a t io n  i s  p r e fe r r e d . I f  a s i t u a t io n  such as t h i s  e x i s t s  

th en  anomalous en trop y  e f f e c t s  m ight be ob served  a t  low  

tem p era tu res , owing t o  th e  d egree o f random ness i n  th e  

m o le cu la r  o r ie n t a t io n .

P h en o ls  form  much s tr o n g e r  hydrogen bonds than th e  

a l ip h a t ic  a lc o h o ls ,  th e  cau se  of t h i s  b e in g  a t tr ib u te d  t o  

reso n a n ce  w ith  s t r u c tu r e s  such a s

A lthough no g r e a t  accuracy can be cla im ed  f o r  th e  bond le n g th s  

found in  p o ta ss iu m  hydrogen p -hydroxy b e n z o a te , th e  v a r ia t io n s  

w hich  have been  observed  i n  th e  bonds o f th e  hydroxy b en zo a te  

r e s id u e  are  such a s  t o  su g g e s t  th a t  reso n a n ce  s tr u c tu r e s  

such a s
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do make im p ortan t c o n tr ib u t io n s  t o  th e  s tr u c tu r e .

The c l o s e s t  approach betw een a d ja cen t arom atic r in g s  

i s  about 3*72A, in d ic a t in g  a r a th e r  open s tr u c tu r e .  In  

c o n tr a s t  t o  t h i s  th e  d e n s ity  i s  somewhat h ig h e r  than  u s u a l  

f o r  th e s e  compounds ( e . g .  th e  p h e n y la c e ta te  h a s  a  d e n s ity  of 

1 .3 4 ,  th e  b en zo a te  1 .4 6  and th e  a n is a te  1.4& )• T h is  i s  

p rob ab ly  due t o  th e  e x te n s iv e  hydrogen bonding w hich ta k e s  

p la c e  in  th e  s tr u c tu r e .

F in a l ly  i t  may be added th a t  th e  e v id e n c e  p r e se n ted  

h e r e ,  tak en  in  co n d u ctio n  w ith  th e  s tr u c tu r e  found f o r  

p o ta ss iu m  hydrogen b is - p h e n y la c e ta t e , i s  n o t in  accordance  

w ith  seme o f th e  su g g ested  s tr u c tu r e s  t o  w hich  a t t e n t io n  was 

drawn in  th e  In tr o d u c t io n . In  th e  s o l id  s t a t e  th e  s tr u c tu r e  

i s  e s s e n t i a l l y  a l a y e r - l ik e  ty p e , w ith  s h e e t s  o f w ater  

m o le c u le s , p -h yd roxyb en zoate  r e s id u e s  and p o ta ssiu m  and 

hydrogen atoms ( or io n s  ) p a r a l l e l  t o  th e  Oyz p la n e . These 

are arranged in  th e  order H2 O . . .  HOC5H4CO2 • • •  EH . . .  

COgCgH^OH . ..H gO . In  s o lu t io n  th e  s tr u c tu r e  i s  broken down 

i n t o  i t s  c o n s t i t u e n t s ,  p -h yd roxyb en zo ic  a c id  and p o ta ss iu m  

p -h y d r oxybenz oat e .
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Table 6 .

M easured and C a lc u la te d  v a lu e s  o f th e  S tr u c tu r e  F a c to r s  

f o r  Rubidium hydrogen b is-p -h y d r o x y b e n zo a te  m anbhydrate.

h o t  zo n e .

hot
F

m eas.
F

c a lc

300 44 +55

400 40 +38

500 8 +5

6 0 0 27 +8

700 < 1 0 +9

800 38 +31

900 69 +56

1 0 ,0 0 39 +29

1 1 ,0 0 41 +27

Oo
**

a

21 +35

H O O 16 +14

1 4 ,0 0 28 +33

1 5 ,0 0 16 +16

1 6 ,0 0 28 +30

1 7 ,0 0 <15 +24

I S , 00 20 +21

1 4 ,0 2 28 -2 5

3 3 ,0 2 < 1 5 -1 0

h0-£
F

m eas.
F

c a lc

1 7 ,0 2 15 -1 6

TT,02 <14 -1 0

1 3 ,0 2 60 -5 5

702 <12 -8

B’02 52 -6 5

702 77 -7 4

602 70 -7 9

5*02 55 -5 1

402 50 - 5 0

302 39 -3 2

202 35 -3 2

102 45 -4 7

002 32 +39

102 33 -3 9

202 105 -1 2 1

302 36 -3 5

402 73 -8 9

502 9 +9

hOt
F

m eas.
F

c a lc

602 51 -5 1

702 18 -2 1

802 51 -4 4

902 37 -2 7

10,02 56 -4 3

11 ,02 42 -3 4

1 2 ,02 67 -4 7

1 3 ,0 2 54 -4 2

1 4 ,0 2 2? + 1

1^ ,04 26 +31

1 5 ,0 4 31 +28

1 4 ,04 16 +21

13 ,0 4 28 +25

12 ,0 4 27 + 17

11 ,04 16 +29

10 ,0 4 43 +30

904 24 +26

804 43 +37
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hO£
P

m eas.
P

c a l c . hO i
P

m eas.
P

c a l c . hO l
P

m eas.
P

c a lc

704 12 +12 17 ,06 17 -1 8 70b 39 -3 9

F04 62 +48 I F ,  06 19 -23 806 25 -3 2

*504 32 +2 0 15 ,0 6 15 -1 8 906 15 -2 5

404 56 +47 14,06 27 -2 5 10,06 16 -2 4

304 < 10 -1 9 13 ,06 16 -13 11 ,06 16 -26

204 66 +77 12 ,06 28 -38 12 ,06 <16 -2 4

104 47 +35 H ,0 6 16 -2 1 14 ,0 8 13 + 19

004 31 +38 10 ,06 22 +9 13 ,08 25 +27

104 47 +52 9*06 26 - 2 1 12 ,08 26 +20

204 76 +68 806 36 -2 8 1 1 ,08 lb +24

304 56 +69 706 35 -2 9 10 ,08 56 +53

404 32 +37 606 42 -3 9 "908 23 + 14

504 65 +77 506 45 -5 0 808 16 +17

604 58 +59 406 65 -5 6 708 16 +10

704 <12 +14 306 67 —64 F08 22 +19

804 <13 +20 706 41 - 4 1 5*08 26 +24

904 <13 0 T06 12 - 4 408 26 +26

1 0 ,0 4 <14 +18 006 50 -5 2 T08 26 +21

1 1 ,0 4 <15 +14 106 12 - 1 708 29 +28

1 2 ,0 4 <15 +17 206 29 0
0 T08 36 +36

1 3 ,0 4 <16 +6 306 12 - 5 008 25 +23

1 4 ,0 4 51 +47 406 39 - 4 0 108 25 +26

1 5 ,0 4 28 + 31 506 13 -1 7 208 < 14 +10

606 13 -2 8 308 < 1 4 +22
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hO'£
F

m eas.
F

c a lc * h O i
F

m eas.
F

c a lc . h0<
F

m eas.
F

c a lc

408 45 +50 4 0 ,1 0 16 -2 1 To, 12 12 +18

508 26 +21 To, io 23 -2 0 BO,12 22 +26

608 38 +42 7 0 ,1 0 28 -35 TO, 12 23 +21

708 16 +25 To, 10 28 -28 F0,12 14 +14

808 16 +32 00 ,10 28 -3 4 To, 12 14 +25

908 <.16 +20 10 ,10 16
oCM1 TO, 12 14 + 19

10 ,08 <16 +21 2 0 ,1 0 29 -37 To, 12 <15 +10

11 ,08 <15 +2 3 0 ,1 0 23 -2 7 T o, 12 <15 +13

I I ,  0 ,1 0 13 -1 8 4 0 ,1 0 28 +10 TO, 12 <15 +10

1 0 ,0 ,1 0 14 -1 5 50 ,10 <16 -1 1 00,12 <15 +17

7 0 ,1 0 21 —21 6 0 ,1 0 <16 -22 10,12 <15 +14

t 0 ,1 0 27 -2 0 7 0 ,1 0 <15 -3 4 20,12 <15 +21

70,10 16 —22 8 0 ,1 0 <15 -17 30,12 <15 +14

t o ,  10 28 -2 9 9 0 ,1 0 <14 -1 7 4 0 ,1 2 15 +33

© H O <16 -5 1 0 ,0 ,1 0 <14 -2 4 5 0 ,12 <14 +19
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Table 7 .

M easured and C a lc u la te d  v a lu e s  of th e  S t r u c tu r e  F a c to r s  

f o r  P o ta ss iu m  hydrogen  b is -p -h y d ro x y  b en zo a te  m onohydrate.

h k l 2 sinQ
F

m eas.
F

calc. hkl 2 sinO
T

m eas.
F

calc
2 0 0 0 .1 9 18 + 12 2 0 ,0 0 1 .8 7 8 +10
300 0 .2 8 22 +23 2 1 ,0 0 1 .9 7 4 -2

400 0 .3 8 17 +17 1 9 ,0 2 1 .8 0 8 -6

500 0 .4 7 2 0 -2 5 lS*, 02 1 .7 0 7 -10
6 0 0 0 .5 6 7 -1 2 IT, 02 1 .6 1 10 +12

700 0 .6 6 22 -1 6 1 6 ,0 2 1 .52 < 7 +4

8 0 0 0 .7 5 9 + 10 1 5 ,0 2 1 .43 7 +3

900 0 .8 5 45 +39 1 4 ,0 2 1 .3 4 13 -1 8

1 0 ,0 0 0 .9 4 12 +14 1 3 ,0 2 1 .2 4 10

0H+

1 1 ,0 0 1 .0 3 18 +18 1 2 ,0 2 1 .1 5  ̂ 7 -1 6

1 2 ,0 0 1 .1 3 12 +12 1 1 ,0 2 1 .0 6 < 5 +4

1 3 ,0 0 1 .2 2 6 +6 1 0 ,0 2 0 .9 7 32 -3 5

1 4 ,0 0 1 .3 2 13 +15 ■9 ,0 2 0 .8 8 6 +3

1 5 ,0 0 1 .4 1 4 + 3 802 0 .7 9 32 -43

1 6 ,0 0 1 .5 0 18 +16 702 0 .7 0 51 - 6 1

1 7 ,0 0 1 . 6 0 3 0 *602 0.62 42 -5 5

1 8 ,0 0 1 .6 9 7 +9 502 0 .5 4 30 -3 4

1 9 ,0 0 1 .7 9 6 +4 402 0 .4 6 17 - 2 1
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h k l 2sinO

~ 0 2 0 .3 8

202 Oo33

102 0 .2 8

002 0*27

102 0 .2 9

202 0 .3 4

302 0 .4 0

4-02 0 .4 7

502 0 .5 5

602 0 .63

702 0 .7 2

802 0 .8 1

902 0 .9 0

1 0 ,0 2 0 .9 9

1 1 ,0 2 1 .0 8

1 2 ,0 2 1 .1 7

1 3 ,0 2 1 .2 6

1 4 ,0 2 1 .3 5

1 5 ,0 2 1.45.

1 6 ,0 2 1 .5 4

17 ,0 2 1 .6 3

18 ,0 2 1 .7 2

19 ,0 2 1 .8 1

16 ,0 4 1 .5 8

F F
m eas. c a lc

10 -9

< 3 -3

13 -1 6

63 +65

13 -1 8

70 -9 0

15 -1 3

59 -6 6

18 +22

24 “31

5 +1

28 “29

6 -8

32 -3 0

9 -13

38 -3 8

32 -2 6

22 +13

<. 7 - 4

<, 7 - 5

< 7 +3

4 6 0

< 6 -3

13 +15

h k l 2 sin-©

15 ,04 1.49

14 ,04 1 .4 1

13 ,0 4 1.32

12 ,04 1 .2 4

1 1 ,0 4 1 .15

1 0 ,0 4 1 .0 7

904 0.99

804 0 .9 1

704 O. 8 4

604 0 .7 7

5*04 0 .7 1

404 0 .6 5

304 0 .6 0

204 0 .57

104 0 .5 5

004 0 .5 4

104 0.56

204 0 .58

304 0 .6 2

404 0 .6 7

504 0.73

604 0 .8 0

704 0 .8 7

804 0 .95

F F
m eas. c a lc

13 +15

<8 +3

13 +20

I  7 +7

21 +14

23 +22

< 6 +4

23 +26

C5 -9

27 +30

4 5 0

24 +26

32 -3 7

54 +44

22 + 14

12 +11

31 +27

54 +48

53 +49

14 +17

61 +63

39 +37

8 —6

< 6 +4
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h k l 2 sin*©
F

m eas.
F

c a lc . h k l 2 sin©
F

m eas.
F

c a lc

904 1 .0 2 9 -1 3 206 0.83 16 -22

1 0 ,0 4 1 . 1 0 <•7 +3 106 0 .82 21 +19

1 1 ,0 4 1 .1 9 < 7 - 1 006 0.82 40 -3 8

1 2 ,0 4 lo 2 7 4 7 +3 106 0.83 13 +15

1 3 ,0 4 1 .3 5 13 - 7 206 O. 8 4 10 -1 2

1 4 ,0 4 1 .4 4 39 +37 306 0 .8 7 10 +15

1 5 ,0 4 1 .5 3 18 +14 406 0 .9 1 17 -2 4

1 6 ,0 4 1 .6 2 <. 7 +7 506 0 .9 5 < 6 +3

I S ',06 1 .8 5 7 -1 0 606 1 .0 1 < 6 -9

1 7 , 0 6 1 .7 7 8 -7 706 1 .0 7 20 -2 3

1 6 ,0 6 1 .6 9 11 -1 4 806 1 .1 3 20 -1 7

1 5 ,0 6 1 .6 0 10 - 7 906 1 .1 9 10 -1 2

1 4 ,0 6 1 .53 13 -1 2 10 ,06 1 .2 7 10 -1 2

1 3 ,0 6 1 .4 5 4 7 -8 11,06 1 .3 4 13 -1 2

1 2 , C6 1 .3 7 23 -1 9 12 ,06 1 .4 1 8 -8

1 1 ,0 6 1 .2 9 7 +7 13 ,06 1 .4 9 7 -8

1 0 ,0 6 1 .22 32 +26 14,06 1 .5 7 < 7 -5

■906 1 .1 5 2 1 -1 3 1 4 ,08 1 .6 8 12 +11

F 06 1 .0 9 20 -1 2 13 ,08 1 .6 0 12 +11

706 1 .03 19 -1 3 1 2 ,0 8 1 .5 4 13 +10

606 0 .98 32 -2 4 1 1 ,0 8 1 .4 7 13 +11

I 06 0 .92 3 1 -2 8 1 0 ,0 8 1 .4 1 39 +37

406 0 .88 42 -4 2 *908 1 .3 5 4 7 -4

*3 06 0 .8 5 50 -42 808 1 .3 0 4 7 -2



h k l 2 sim©

708 1 .25

608 1 .2 1

■508 1.16

T08 1 .14

T08 1 .1 1

208 1 .09

108 1 .09

008 1 .0 8

108 1 .09

208 1 .1 1

308 1 .1 4

408 1 .1 6

508 1 .2 0

608 1 .24

708 1 .29

808 1 .34

908 1 .4 0

10,08 1. 4S

1 1 ,0 8 1.52

1 2 ,0 8 1 .59

13 ,08 1 .6 6

1 1 ,0 ,1 0  1 .68

1 0 ,0 ,1 0  1 .62

■5 , 0 ,1 0 1 .5 7

F P
m eas. c a lc

i  7 +2

< 7 +6

10 +9

12 +9

10 +9

20 +13

2 0 +17

11 +6

12 +10

10 - 7

c 6 +7

36 +37

12 +6

18 +24

10 +10

15 +20

< 7 +7

< 7 +9

10 -1 0

< 7 +5

7 +7

7 -6

7 - 7

7 - 7

h k l 2 sin-©

8 0 ,1 0 1.53

7 0 ,1 0 1.49

6 0 ,1 0 1 .4 5

I 0 ,1 0 1 .42

4 0 ,1 0 1 .39

3 0 ,1 0 1 .3 7

? 0 ,1 0 1.36

1 0 ,1 0 1 .36

0 0 ,1 0 1.36

1 0 ,1 0 1.36

2 0 ,1 0 1 .38

3 0 ,1 0 1 .4 0

4 0 ,1 0 1 .4 2

5 0 ,1 0 1 .4 5

6 0 ,1 0 1 .49

7 0 ,1 0 1.53

8 0 ,1 0 1 .5 7

9 0 ,1 0 1 .6 2

1 0 ,0 ,1 0 1 .6 8

9 0,12 1 .8 0

8 0,12 1 .76

7 0 ,12 1.73

6 0 ,12 1 .7 0

5 0 ,12 1 .68

P P
meas. e a lc

7 -9

< 7 -2

11 -1 0

11 +12

8 -1 0

13 -8

23 -22

23 -1 8

23 -2 0

8 -8

34 -2 5

11 -7

28 +23

8 -2

8 -8

< 7 -2

< 7 -6

< 7 -6

< 7 -13

8 +9

15 +14

9 +7

7 +5

7 +13



h k l 2 sin-©

4 ,0 ,1 2 1 .6 6

3 ,0 ,1 2 1 .6 4

7 ,0 ,1 2 I .6 4

1 ,0 ,1 2 1 .6 3

0 ,0 ,1 2 I .6 3

1 ,0 ,1 2 1 .6 4

2 ,0 ,1 2 1 .6 5

3 ,0 ,1 2 1 .6 6

010 0 .4 1

110 0 .42

210 0 .4 5

310 0 .4 9

410 0 .5 5

510 0 .6 2

610 0 .6 9

710 0 .7 7

810 0 .8 5

910 0 .93

1 0 ,1 ,0 1 .0 2

H , l ,  0 1 .1 1

1 2 ,1 ,0 1 .1 9

1 3 ,1 ,0 1 .2 8

1 4 ,1 ,0 1 .3 7

1 5 ,1 ,0 1 .4 6

F F
m eas. c a lc

7 +6

7 -5

4. 7 +2

<•7 -2

< 7 +6

<. 7 +3

< 7 +10

7 +3

19 -2 5

33 +35

6 +3

33 -3 5

4 -1 1

35 -4 2

15 —20

3 1 -3 3

10 -2

14 -1 3

18 +18

19 -1 8

6 -3

7 0

< 2 -2

3 -8

h k l 2 sin©

1 6 ,1 , 0 1*55

1 7 , 1 , 0 1 .6 4

I B ,1 , 0 1.73

1 9 , 1 , 0 I .83

2 0 ,1 , 0 1 .92

020 0 .8 1

120 0 .8 1

220 0.83

320 0.86

420 0 .89

520 0.93

620 0 .99

720 1 .0 4

820 1 .1 0

920 1 .16

10 ,2 0 1 .23

1 1 ,2 0 1*31

1 2 ,2 0 1 .38

1 3 ,2 0 1 .46

14 ,2 0 1 .5 4

15 ,2 0 1 .62

16 ,2 0 1 .7 0

ro 0 1 .79

1 8 ,2 0 1 .8 7

F F
m eas. c a lc

< 2 - 1

5 +2

< 2 -2

C l -2

6 -6

26 -2 5

15 -1 1

3 +6

9 -1 1

5 +1

11 -1 4

5 +1

11 -8

10 +6

18 -1 4

13 -4

14 -1 0

8 +4

3 -5

2 -3

3 -4

3 -4

2 -2

2 +2



h k l 2 sin©

1 9 ,2 ,0 1 .9 5

030 1 .2 2

130 1 .2 2

230 1 .2 3

33 0 1 .2 5

430 1 .2 7

530 1 .3 0

6 3 0 1 .3 4

730 1 .3 8

83 0 1 .4 3

930 1 .4 7

1 0 ,3 ,0 1 .5 3

1 1 ,3 ,0 1 .5 9

1 2 ,3 ,0 1 .6 5

i 3 , 3 , 0 1 .7 2

1 4 ,3 ,0 1 .7 9

1 5 ,3 ,0 1 .8 6

1 6 ,3 ,0 1 .9 3

040 1 .6 2

140 1 .6 2

240 I .6 4

340 1 .6 5

440 1 .6 6

540 1 .6 8

F F
m eas. c a lc

8 -8

7 +5

4 2 -1 4

18 +16

13 +12

16 +16

14 +16

8 +16

7 +13

10 +13

3 +2

7 -6

12 +15

11 +11

5 +1

10 +10

6 +6

6 +8

9 -2 0

4 2 - 7

4 -2

5 -6

3 +2

< 2 - 4

h k l 2 sin©

640 1 .7 1

740 1 .7 5

840 1 .7 9

940 1.83

1 0 ,4 ,0 1 .87

1 1 ,4 ,0 1 .92

1 2 ,4 ,0 1 .9 7

O il 0.43

012 0.49

013 0 .5 7

014 0 .67

015 0.79

016 0 .9 1

017 1.03

018 1 .16

019 1 .29

0 1 ,1 0 1 .4 1

0 1 ,1 1 1 .5 5

01 ,12 1 .6 8

021 0.82

022 0 .8 5

023 0 .9 0

024 0 .97

025 1 .0 5

F F
m eas. c a lc

4 2 +7

4 -2

3 - 1

5 -1 0

3 +3

2 . -5

1 +4

13 +21

7 +1

8 -2

5 - 1

18 +32

15 +19

15 +10

8 +8

6 +7

4 3 -3

4 3 -3

9 -5

9 +15

2 -13

19 +19

4 -3

13 +10



44 ,

F F
h k l 2 sin-0 m eas. c a lc

02o 1 .1 5 4 +1

027 1*23 6 - 5

028 1 .3b 8 -3

029 1 .4 7 14 -1 4

0 2 ,1 0 1 .5 8 8 +3

0 2 ,1 1 1 .7 0 11 +13

0 2 ,1 2 1 .6 1 c  1 - 1

031 1 .2 2 < 3 -3

032 1 .2 4 9 -1 2

033 1 .2 7 5 +3

034 1 .3 2 13 +13

035 1 .3 9 0 +4

F F
h k l 2sinO m eas. c a lc

036 1 .46 15 -2 0

037 1.53 < 3 -3

038 1 .62 < 3 0

039 1 .72 <2 +1

041 1 .6 2 9 +5

042 1 .63 < 2 -6

043 1 .6 6 < 2 -2

044 1 .7 1 6 +5

045 1 .7 5 12 +12

046 1 .8 1 9 +7

047 1 .8 7 -C2 +5



Appendix.



4 6 .

Method o f Preparation.

The method o f p rep a ra tio n  i s  a g e n e ra l one and c o n s i s t s  

of m ix in g  1 e q u iv a le n t  of a c id  w ith  1/2 e q u iv a len t of 

p o ta ssiu m  h y d ro x id e  or carb on ate in  a lc o h o l. In t h i s  c a se  

6 .1 5 g .  o f  p -h y d ro x y b en zo ic  a c id  were mixed w ith  1 .5 4 g . of  

p o ta ss iu m  c a rb o n a te  in  a b so lu te  a lc o h o l. The r e a c t io n  

ta k e s  p la c e  a cc o r d in g  to  th e  eq u ation

4 0  ̂ + K̂ CÔ  = + H2 0 ■+• CO2

The m ix tu r e  was r e f lu x e d  u n t i l  e v o lu tio n  of C02 had 

ce a sed  and, a f t e r  c o o l in g ,  th e  c r y s t a l l in e  d e p o s it  was 

f i l t e r e d  o f f .  R e c r y s t a l l i s a t io n  was c a r r ie d  out from  

a b s o lu te  a lc o h o l  and th e  c r y s t a l s ,  p r ism a tic  n e e d le s , were 

d r ie d  i n  a  vacuum d e s ic c a to r .  The c r y s t a l s  obtained in  

t h i s  manner h ave  th e  ^10o] form  prom inent, are b r i t t l e  and 

w ith o u t any o b v io u s  c le a v a g e  p la n e s .

The m ethods adopted t o  determ ine th e  ex a c t com p osition  

of th e  s a l t  a r e  g iv e n , in  d e t a i l ,  in  th e  fo llo w in g  s e c t io n s .



47 .

Chem ical A n a ly s is *

(a )  V olu m etric  d e term in a tio n  o f th e  e q u iv a le n t  w eig h t o f

th e  sa lt©

T h is w as c a r r ie d  out in  a s t r a ig n t f  orward manner by 

t i t r a t i o n  o f an aqueous s o lu t io n  of th e  s a l t  w ith  .IN  NaOH 

u s in g  bromothymol b lu e  (p 0  6 - 7 .6 )  a s  in d ic a to r .  E arly  

r e s u l t s  gave a v a lu e  o f ap p roxim ately  316 f o r  th e  eq u i

v a le n t ,  th u s  ap p earin g  to  su g g e st  th a t  Parmer’ s  a n a ly s is  

w as c o r r e c t .  No g r e a t  r e l ia n c e  cou ld  be p la ced  on th e  

r e s u l t s ,  how ever, f o r  some d i f f i c u l t y  was ex p er ien ced  in  

e s t im a t in g  a c c u r a te ly  th e  e n d -p o in t o f th e  t i t r a t i o n .

T h is  i s  due t o  th e  c o n s id e r a b ly  a c id ic  n a tu r e  o f th e  

p h e n o lic  group ( c f .  Jones and Speatanan, 1944)* Por t h i s  

re a so n  th e  method was abandoned e n t ir e ly .

(b )  G ravim etric  d e term in a tio n  of P otassiu m .

The P otassiu m  was e s tim a te d  by co n v er s io n  to  su lp h a te .  

About . 1  or*2g. o f su b sta n ce  w ere w eighed in  a s i l i c a  

c r u c ib le  f i t t e d  w ith  a M ain-Sm ith typ e  of l i d .  2m l. of  

9N su lp h u r ic  a c id  were added and tn e  c r u c ib le  h ea ted  w ith  

a v ery  sm a ll n on -lum inous bunsen f la m e . C oncentrated  

a c id  w as u sed  o r ig in a l ly  but on account o f th e  ten d en cy  

o f th e  a c id  t o  creep  up th e  s id e  o f  th e  c r u c ib le ,  th u s  

c a u s in g  l o s s ,  t n i s  was d isc o n t in u e d . When a l l  th e  a c id  had 

evap orated  and when th e  c r u c ib le  had c o o le d , a fu r th e r  2m l.
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o f  9 N  s u l p h u r i c  a c i d  w e r e  a d d e d  a n d  t h e  c r u c i b l e  w a s  a g a i n  
h e a t e d  w i t h  a  v e r y  s m a l l  f l a m e .  After the  e v a p o r a t i o n  o f  
t h e  a c i d ,  t h e  c r u c i b l e  w a s  h e a t e d  s t r o n g l y  f o r  f i v e  m i n u t e s  
a n d  w h e n  c o o l  s o m e  a m m o n i u m  c a r b o n a t e  w a s  a d d e d  t o  c o n v e r t  
a n y  b i s u l p h a t e  t o  t h e  n o r m a l  s u l p h a t e .  F i n a l l y  t h e  
c r u c i b l e  w a s  i g n i t e d  s t r o n g l y  u n t i l  a l l  t h e  c a r b o n  h a d  b e e n  
b u r n e d  o f f .  T h i s  p r o c e s s  u s u a l l y  r e q u i r e d  a b o u t  t h r e e -  
q u a r t e r s  o f  a n  h o u r .  T h e  a c c u r a c y  o f  t n e  m e t h o d  w a s  
c h e c k e d  w i t h  A . R .  p o t a s s i u m  h y d r o g e n  p h t h a l a t e  a n d  f o u n d  t o  
g i v e  r e l i a b l e  r e s u l t s .
R e s u l t s .

$  P o t a s s i u m  
F  o u n d  C  a l c u l a t  e d

P o t a s s i u m  h y d r o g e n
p h t h a l a t e  1 9 . 0 5  ( a v e . )  1 9 . 1 5

P o t a s s i u m  h y d r o g e n
p - h y d r o x y b e n z o a t e  1 1 . 6 5  ( a v e . )  1 1 . 7 6  ( M . W t .  3 3 2 )

1 2 . 4 4  ( M . W t .  3 1 4 )
C o r r e s p o n d i n g  r e s u l t s  o b t a i n e d  b y  F a r m e r  w e r e  g i v e n

a s ,  F o u n d  K m 1 2 . 6 3 $ ,  T h e o r e t i c a l  =  1 2 . 4 5 $ ,  t h u s  s u g g e s t i n g
a n  a n h y d r o u s  s a l t .
( c )  M i c h r o e h e m i c a l  a n a l y s i s .  T w o  a n a l y s e s  w e r e  c a r r i e d  o u t  
b y  M r .  J .  M .  1 .  C a m e r o n ,  t h e  r e s u l t s  o f  w h i c h  a r e  g i v e n  b e l c w .

$  c a r b o n  $  h y d r o g e n
S a m p l e  1 .  5 0 . 6 9  3 . 9 3
S a m p l e  2 .  4 9 . 9 7  3 . 8 0

C a l c u l a t e d  ( M . W t .  3 1 4 )  5 3 * 5  3 . 5 2 9
, ,  ( M o W t .  332) 5 0 . 5 9  3 . 9 4 3

T h e s e  r e s u l t s  a l s o  c o r r o b o r a t e  t h e  v i e w  t h a t  t n e  s a l t  i s  a  
m o n o h y d r a t e .
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( d )  X - r a y  M e t h o d .
T h e  b - a x i s  o f  t h e  c r y s t a l s  w a s  f o u n d  e a s i l y  a n d  b y  

W e i s s e n b e r g  f i l m s  t h e  , a t a n d  * 0 * a x e s  c o u l d  e a s i l y  b e  
d e t e r m i n e d .  C r y s t a l s  f r o m  s e v e r a l  b a t c h e s  o f  s a l t  w e r e  
m o u n t e d  a n d  m o v i n g  f i l m s  o f  t h e  h o t  z o n e  r e c o r d e d .  N o  
d i f f e r e n c e s  i n  l a t t i c e  d i m e n s i o n s  w e r e  n o t e d  n o r  c o u l d  a n y  
d i f f e r e n c e s  b e  d e t e c t e d  i n  t h e  i n t e n s i t i e s  o f  c o r r e s p o n d i n g  
s p e c t r a  o n  t h e  W e i s s e n b e r g  f i l m s .  T h i s  s e e m e d  t o  i n d i c a t e  
t h a t  t n e  s a m e  s u b s t a n c e  w a s  b e i n g  p r e p a r e d  e a c h  t i m e .

S e v e r a l  d e t e r m i n a t i o n s  o f  d e n s i t y ,  b y  f l o t a t i o n  i n  a  
c a r b o n  t e t r a c h l o r i d e -  c h l o r o f o r m  m i x t u r e ,  g a v e  t n e  v a l u e  
a s  1 . 5 4 *  T h e  v o l u m e  o f  t h e  u n i t  c e l l  w a s  7 0 6 . 6  A ?  a n d  
h e n c e ,  a s s u m i n g  t h e r e  a r e  t w o  m o l e c u l e s  i n  t n e  u n i t  c e l l ,

M o l e c u l a r  w e i g h t  as 7 0 6 . 6  x  1 . 6 4
2  x  1 . 6 6

as 3 2 7 . 8
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C o n c l u s i o n

T h e  c o m p o s i t i o n  o f  t h e  s a l t  i s  t h u s  e s t a b l i s h e d  
b e y o n d  d o u b t .  I t  i s  a  m o n o h y d r a t e  o f  f o r m u l a  C 14H 11 ° 6K - H 2 0 

a n d  i s  p e r f e c t l y  s t a b l e ,  r e t a i n i n g  t h e  w a t e r  e v e n  a f t e r  
b e i n g  h e a t e d  i n  v a c u o  a t  1 0 0 ° C .  N e i t h e r  i s  t h e r e  a n y  
t e n d e n c y  t o  a b s o r b  a d d i t i o n a l  m o i s t u r e  f o r  t h e  s u b s t a n c e  
r e m a i n e d  u n c h a n g e d  a f t e r  b e i n g  a l l o w e d  t o  s t a n d  o v e r  w a t e r  
f o r  a  w e e k .

A t  f i r s t  s i g h t  i t  s e e m e d  r a t h e r  s u r p r i s i n g  t h a t  t h i s  
p o t a s s i u m  s a l t  s h o u l d  b e  h y d r a t e d  f o r ,  i n  c o n t r a s t  t o  t h e  
a c i d  s o d i u m  s a l t s ,  a c i d  p o t a s s i u m  s a l t s  a r e  u s u a l l y  a n h y d r o u s .  
I n  t h i s  p a r t i c u l a r  c a s e ,  h o w e v e r ,  t h e  w a t e r  m o l e c u l e  w a s  
f o u n d  t o  b e  a s s o c i a t e d  w i t h  t h e  p h e n o l i c ,  a n d  n o t  w i t h  t h e  
i o n i s e d ,  g r o u p .  T h i s  m a y  w e l l  b e  t h e  r e a s o n  f o r  t h e  h y d r a t i o n  
o f  p - h y d r o x y b e n z o i c  a c i d  w h i c h  c r y s t a l l i s e s  w i t h  o n e  m o l e c u l e  
o f  w a t e r  f r o m  d i l u t e  a l c o h o l  ( H a r t m a n n ,  1 8 7 7 )  a n d  f r o m  
a c e t o n e - a l c o h o l  ( P i u t t i  a n d  C o m m a n d u c c i ,  1 9 0 2 ) .  T h e  
c o m m e r c i a l  p r o d u c t ,  a l s o  h y d r a t e d ,  w a s  u s e d  i n  t h e  p r e p a r a t i o n  
o f  t h e  s a l t ,  b u t  e v e n  i f  i t  h a d  b e e n  p r e p a r e d  i n  t h e  a n h y d r o u s  
f o r m  ( c f .  S t o h m a n n ,  K l e b e r  a n d  l a n g b e i n ,  1 8 8 9 )  i t  i s  d o u b t f u l  
w h e t h e r  t h e  c o r r e s p o n d i n g  a n h y d r o u s  s a l t  w o u l d  h a v e  b e e n  
o b t a i n e d  f o r  s u f f i c i e n t  w a t e r  t o  f o r m  t h e  h y d r a t e  i s  p r o d u c e d  
i n  t h e  r e a c t i o n .

I n  t h e  l i g h t  o f  t h e  e v i d e n c e  p r e s e n t e d  h e r e ,  t h e  c l a i m  
b y  P a r m e r  t o  h a v e  p r e p a r e d  t h i s  s a l t  i n  t h e  a n h y d r o u s  f o r m
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a p p e a r s  t o  h a v e  b e e n  r e f u t e d .  A d d i t i o n a l  e v i d e n c e  o n  t h i s  
p o i n t  w a s  s u p p l i e d  b y  S m i t h  ( 1 9 4 9 ) .  T h i s  a u t h o r  p r e p a r e d  
p o t a s s i u m  h y d r o g e n  p - h y d r o x y b e n z o a t e  f r o m  t h e  a n h y d r o u s  a c i d  
a n d ,  a l t h o u g h  o n l y  t h e  p o t a s s i u m  c o n t e n t  o f  t h e  s a l t  w a s  
e s t i m a t e d ,  h i s  r e s u l t s  c l e a r l y  i n d i c a t e  t h a t  t h e  s a l t  i s  
h y d r a t e d .
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PARE

I I .



P o t a s s i u m  h y d r o g e n  b i s - b e n z o a t e .

C r y s t a l  D a t a
T h e  f o l l o w i n g  d a t a  w e r e  e s t a b l i s h e d  b y  s i n g l e - c r y s t a l  

r o t a t i o n  a n d  o s c i l l a t i o n  p h o t o g r a p h s ,  u s i n g  c o p p e r  K - < *  
r a d i a t i o n  ( X = l . b 4 ) .

P o t a s s i u m  h y d r o g e n  b i s - b e n z o a t e ;  ) 2 ; m o l e c u l a r
w e i g h t  *  2 8 2 . 3 ;  m e l t i n g  p o i n t ,  d e c o m p o s e s ;  m o n o c l i n i c  
p r i s m a t i c ;  a =  2 9 . 5 3 ( + . C 7 ) ,  b  =  3 . 8 1 (  +  . Q 2 ) ,  c  «  1 1 . 2  0 ( + . 0 3 ) A . ,

o *5B  *  9 5 . 8  ;  v o l u m e  o f  u n i t  c e l l ,  1 2 3 4 - A . ; d e n s i t y ,  c a l c u l a t e d ,
1 . 4 9 ,  f o u n d ,  1 . 4 7 - I . 4 8 ; f o u r  m o l e c u l e s  p e r  u n i t  c e l l ;  P ( 000 ) ,  
584 ; a b s o r p t i o n  c o e f f i c i e n t  f o r  X - r a y s  (  X  = 1 . 5 4 ) / J * 3 7 « 6  c m T ' * '

A b s e n t  s p e c t r a :  ( h k t )  w h e n  h + k  i s  o d d ;  ( h O l )  w h e n  e i t h e r
h  o r  Z  i s  o d d .  S p a c e  g r o u p  C | - C c  o r  c | k - C 2 / e .  S i n c e  t h e  
m o l e c u l e  w a s  a s s u m e d  t o  h a v e  a t  l e a s t  a  t w o - f o l d  a x i s ,  t h e  
l a t t e r  s p a c e  g r o u p  w a s  c h o s e n .
E x p e r i m e n t a l .

P o t a s s i u m  h y d r o g e n  b i s - b e n z o a t e  i s  r e a d i l y  p r e p a r e d  
i n  a  m a n n e r  a n a l o g o u s  t o  t h a t  o u t l i n e d  f o r  p o t a s s i u m  h y d r o g e n  
p - h y d r o x y b e n z o a t e  ( S m i t h  a n d  S p e a k m a n ,  1 9 4 8 ) *  W h e n  e t h y l  
a l c o h o l  i s  u s e d  a s  s o l v e n t ,  t h e  s u b s t a n c e  i s  o b t a i n e d  i n  
m i c r o - c r y s t a l l i n e  f o r m ,  q u i t e  u n s u i t a b l e  f o r  X - r a y  a n a l y s i s .
P r o m  t h e  v e r y  r e s t r i c t e d  r a n g e  o f  s o l v e n t s ,  i t  w a s  u l t i m a t e l y  
f o u n d  p o s s i b l e  t o  o b t a i n  l a r g e - s i z e d  c r y s t a l s  f r o m  d i o x s n .
T w o  d i s t i n c t  t y p e s  o f  c r y s t a l s  w e r e  o b s e r v e d ,  o n e  t y p e  b e i n g  
n e e d l e - s h a p e d  a n d  t h e  o t h e r  b e i n g  r a t n e r  t h i n  p l a t e s .  T h e  
f o r m e r  w e r e  u n u s u a l  i n  t h a t  t h e y  s h o w e d  n o  e x t i n c t i o n  i n  t h e
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p o l a r i s i n g  m i c r o s c o p e .  B e c a u s e  o f '  t h e  p o s s i b i l i t y  o f  d e c o m p 
o s i t i o n  i t  w a s  t h e r e f o r e  n e c e s s a r y  t o  c h e c k  t h e  i d e n t i t y  o f  
b o t h  t y p e s  o f  c r y s t a l s ,  T h i s  m a y  b e  d o n e  f a i r l y  r a p i d l y  b y  
c o m p a r i n g  t h e i r  X - r a y  p o w d e r  p a t t e r n s  w i t h  t h a t  o f  a  k n o w n  
s a m p l e  o f  p o t a s s i u m  h y d r o g e n  b i s - b e n z  o a t  e .  T h e  r e s u l t s  o f  
t h i s  t e s t  a r e  s h o w n  i n  F i g u r e s  1  a n d  2 .  S a m p l e  X  w a s  a  
p o w d e r e d  s p e c i m e n  o f  t h e  n e e d l e - s h a p e d  c r y s t a l s  a n d  s a m p l e  Y  
w a s  a  s p e c i m e n  o f  t h e  p l a t e - s h a p e d  c r y s t a l s ,  T h e s e  a r e  
c o m p a r e d  w i t h  t h e  p o w d e r  p a t t e r n  o f  a n  a n a l y s e d  s a m p l e  o f  
t h e  s a l t  a n d  i t  w i l l  b e  s e e n  t h a t  t h i s  p a t t e r n  i s  i d e n t i c a l  
w i t h  t h e  o n e  g i v e n  b y  s a m p l e  Y .  N o  f u r t h e r  e f f o r t s  w e r e  
m a d e  t o  e l u c i d a t e  t h e  c o m p o s i t i o n  o f  s a m p l e  X ,

T h e  c r y s t a l s  o f  p o t a s s i u m  h y d r o g e n  b i s - b e n z o a t e  t h u s  
o b t a i n e d  h a v e  t h e  ( 1 0 0 )  f a c e  m o s t  p r o m i n e n t  a n d  t h e  \ 0 1 2 ]  
l e s s  w e l l - d e v e l o p e d .  N o  c l e a v a g e  w a s  o b s e r v e d ,  t h e  c r y s t a l s  
b e i n g  b r i t t l e  a n d  t h i n  ( u s u a l l y  l e s s  t h a n  , 1 m m .  i n  t h i c k n e s s ) .  
F o r  t h i s  r e a s o n  t h e y  c o u l d  s e l d o m  b e  c u t  t o  a  u n i f o r m  c r o s s -  
s e c t i o n .

U s i n g  t h e  s a m e  m e t h o d  a s  d e s c r i b e d  i n  P a r t  X ,  t h e  
i n t e n s i t i e s  w e r e  o b t a i n e d  f o r  t h e  h 0 ^ ,  h k O  a n d  0 k €  r e f l e x i o n s  
f r o m  W e i s s e n b e r g  f i l m s  o f  t h e  z e r o  l a y e r s  o f  t h e  b ,  c  a n d  a  
f i x e s .  E x p o s u r e  t i m e s  o f  a b o u t  1 0  h o u r s  w e r e  s u f f i c i e n t  i n  
t h e  f i r s t  t w o  z o n e s  b u t  i n  t h e  0 k £  z o n e  a n  e x p o s u r e  o f  2 4  h o u r s  
w a s  n e c e s s a r y ,  o w i n g  t o  t h e  v e r y  w e a k  i n t e n s i t y  o f  t h e  z e r o  
l a y e r  o f  t h e  a  a x i s .  T h e  r a n g e  o f  i n t e n s i t i e s ,  a b o u t  l p 0 0 : l ,  
w a s  r a t h e r  w i d e r  t h a n  t h a t  o b t a i n e d  i n  t h e  a n a l y s i s  o f  p o t a s s i u m



i a_________  n _____
F i g .  1 .l a .  P o w d e r  p a t t e r n  o f  p o t a s s i u m  h y d r o g e n  b i s - b e n z o a t e .  

l b .  P o w d e r  p a t t e r n  o f  S a m p l e  X .

2.3. 2  b
F i g . 2 .

2 a .  P o w d e r  p a t t e r n  o f  p o t a s s i u m  h y d r o g e n  b i s - b e n z o a t e .  
2 b .  P o w d e r  p a t t e r n  o f  S a m p l e  Y .

P h o t o g r a p h s  u s e d  i n  t h e  i d e n t i f i c a t i o n  o f  t h e  c r y s t a l s  
o b t a i n e d  f r o m  d i o x a n .



56 .

h y d r o g e n  b i s  p - h y d r o x y b e n z o a t e .

C r y s t a l  D i m e n s i o n s .
I n  t h e  h 0 £  z o n e  t h e  c r y s t a l  u s e d  h a d  a  c r o s s - s e c t i o n  

n o r m a l  t o  t h e  b - a x i s  o f  .  1 m m .  b y  . 40m l . ,  t h a t  i n  t h e  h k O  z o n e  
a  c r o s s - s e c t i o n  o f  •  1 m m .  b y  . 3 0 m m .  n o r m a l  t o  t h e  c - a x i s  a n d  
t h a t  i n  t h e  0 k £  z o n e  w a s  . 3 m m .  b y  . 3 m m .  n o r m a l  t o  t h e  a - a x i s .

A b s o r p t i o n  c o r r e c t i o n s  w e r e  t h u s  n e c e s s a r y  i n  t h e  f i r s t  
t w o  z o n e s .  T h e s e  c o r r e c t i o n s ,  i n  a d d i t i o n  t o  t h e  l o r e n t z  a n d  
p o l a r i s a t i o n  f a c t o r s ,  w e r e  m a d e  b y  t h e  m e t h o d  p r e v i o u s l y  
d e s c r i b e d *  T h e  c o r r e c t e d  F ^  v a l u e s  t h u s  o b t a i n e d  w e r e  u s e d  
i n  t h e  P a t t e r s o n  p r o j e c t i o n  a l o n g  t h e  b - a x i s .  A s  t h e  
r e f i n e m e n t  o f  t h e  h O l  z o n e  p r o c e e d e d  b y  F o u r i e r  a n a l y s i s ,  i t  
w a s  f o u n d  t h a t  t h e  a g r e e m e n t  b e t w e e n  F  m e a s .  a n d  F  c a l c ,  w a s  
i m p r o v e d  i f  t h e s e  a b s o r p t i o n  c o r r e c t i o n s  w e r e  n e g l e c t e d .
T h e  f i n a l  v a l u e s  g i v e n  f o r  t h e  m e a s u r e d  h 0 £  s t r u c t u r e  f a c t o r s  
a r e  t h u s  n o t  c o r r e c t e d  f o r  a b s o r p t i o n .  T h e  e x p l a n a t i o n  o f  
t h i s  i s  n o t  q u i t e  c l e a r  b u t  t h e  o n l y  o b v i o u s  s o u r c e  o f  e r r o r  
i s  i n  t h e  e s t i m a t i o n  o f  t h e  m e a n  p a t h  o f  t h e  X ^ - r a y  b e a m  
t h r o u g h  t h e  c r y s t a l .

A n a l y s i s  o f  t h e  S t r u c t u r e .
T h e  a n a l y s i s  w a s  c o m m e n c e d  a s  i n  t h e  b i s  p - h y d r o x y 

b e n z o a t e  s a l t  b y  m a k i n g  a  P a t t e r s o n  p r o j e c t i o n  a l o n g  t h e  
s h o r t  b - a x i s .  I n  t h i s  c a s e ,  a  c l e a r  i n d i c a t i o n  o f  t h e  
s i t u a t i o n  o f  t h e  b e n z o a t e  r e s i d u e  w a s  o b t a i n e d .  T h e  
P a t t e r s o n  p r o j e c t i o n  i s  i l l u s t r a t e d  i n  F i g .  3 .  A n  a p p r o x 
i m a t e  s e t  o f  a t o m i o  p a r a m e t e r s  w a s  t h u s  o b t a i n e d  w h i c h  
e n a b l e d  t h e  s i g n s  o f  m o s t  o f  t h e  h O I  s t r u c t u r e  f a c t o r s  t o  b e
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3A2I0

Scale

F ig .  3 .

P a t t e r s o n  s y n t h e s i s  ( | F h 0 i  | 2 )  f o r  p o t a s s i u m  h y d r o g e n  b i s -  
b e n z  o a t e .  C o n t o u r - l i n e  s c a l e  a r b i t r a r y .
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d e t e r m i n e d .  T h e  c o - o r d i n a t e s  c h o s e n ,  l e d  t o  a  s e t  o f  
s t r u c t u r e  f a c t o r s  f o r  w h i c h  t h e  d i s c r e p a n c y  w a s  j u s t  o v e r  
4 0 $ .  S u c c e s s i v e  F o u r i e r  a n a l y s i s  w a s  c a r r i e d  o u t  u n t i l  
t h e  f i n a l  e l e c t r o n - d e n s i t y  m a p ,  s h o w n  i n  F i g .  4  a n d  f u r t h e r  
e l u c i d a t e d  i n  F i g .  5 ,  w a s  o b t a i n e d .  T h e  a - a x i s  w a s  d i v i d e d  
i n t o  1 2 0  p a r t s ,  c o r r e s p o n d i n g  t o  i n t e r v a l s  o f  . 2 4 6 A .  a l o n g  
’ a *  ,  a n d  t h e  c - a x i s  w a s  d i v i d e d  i n t o  6 0  p a r t s  t h u s  c o r r e s p o n d i n g  

t o  i n t e r v a l s  o f  .  1 8 7 A .  a l o n g  ’ c ’ .  A l t o g e t h e r ,  t h e  e l e c t r e n -  
d e n s i t y  w a s  c a l c u l a t e d  a t  9 0 0  p o i n t s  i n  t h e  a s y m m e t r i c  u n i t ,  
b y  t h e  t h r e e  f i g u r e  s t e n c i l  m e t h o d .  T h e  x  a n d  z - c o - o r d i n a t e s  
c h o s e n  a r e  g i v e n  i n  T a b l e  1 .  F i n a l l y ,  t h e  s t r u c t u r e  f a c t o r s  
w e r e  r e c a l c u l a t e d  a n d  t h e  d i s c r e p a n c y ,  f o r  1 7 1  o u t  o f  a  
p o s s i b l e  2 4 7  r e f l e x i o n s ,  w a s  2  0 . 8 $ .  T h e  a t o m i c  s c a t t e r i n g  
c u r v e s  u s e d  w e r e  e x a c t l y  t h e  s a m e  a s  t h o s e  u s e d  f o r  
p o t a s s i u m  h y d r o g e n  b i s  p - h y d r o x y b e n z o a t e .

I t  w i l l  b e  s e e n  t h a t  t h e  s i t u a t i o n  i n  t h i s  p r o j e c t i o n  
c l o s e l y  r e s e m b l e s  t h e  h C l  p r o j e c t i o n  o f  t h e  p - h y d r o x y b e n z o a t e  
s a l t .  S i n c e  t h e  p r o j e c t e d  d i s t a n c e  0 ( 2 ) - 0 ( 2 f )  i s  j u s t  u n d e r  
2 . 4 0 A .  t h e  r e a s o n i n g  d e t a i l e d  i n  P a r t  1  m u s t  a l s o  a p p l y  h e r e ,  
s o  t h a t  t h e  o x y g e n  a t o m s  m u s t  b e  r e l a t e d  b y  a  c e n t r e  o f  
s y m m e t r y  a n d  t h e  p o t a s s i u m  a t o m s  t h e r e f o r e  l i e  o n  t h e  t w o 
f o l d  a x e s .  T h e  p r o j e c t e d  d i s t a n c e  C ( 2 ) - C ( 5 )  i s  2 . 8 5 A .  s o  
t h a t  t h e  b e n z e n e  r i n g  c a n  s c a r c e l y  b e  i n c l i n e d  i n  t h i s  
d i r e c t i o n  t o  t h e  x z  p l a n e ,  t h e  i n c l i n a t i o n  b e i n g  m a i n l y  i n  
t h e  d i r e c t i o n  C ( 4 ) - C ( 7 )  s i n c e  t h e  a p p a r e n t  d i s t a n c e  b e t w e e n  
t h e s e  t w o  a t o m s  i s  2 . 4 8 A .  T h e  K - 0 ( 1 )  d i s t a n c e  a p p e a r s  t o
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3 A

F i g .  4 .
F o u r i e r  s y n t h e s i s  ( F ^ q ^ )  f o r  p o t a s s i u m  h y d r o g e n  b i s - b e n z  o a t  e ,
p r o j e c t e d  a l o n g  t h e  b - a x i s .  T h e  c o n t o u r s  r e p r e s e n t  d e n s i t y

2i n c r e m e n t s  o f  o n e  e l e c t r o n  p e r  A .  i n  t h e  c a r b o n  a n d  o x y g e n
2a t o m s  a n d  t w o  e l e c t r o n s  p e r  A .  i n  t h e  p o t a s s i u m  a t o m .  T h e  

o n e - e l e c t r o n  c o n t o u r  i s  d o t t e d .



C(u)

C(3)

F i g .  5 .
N u m b e r i n g  a n d  a r r a n g e m e n t  o f  t h e  a t o m s  i n  t h e  b - a x i s  
p r o j e c t i o n ,  b a s e d  o n  F i g .  4 *



6 1 .

Table  1.

A t o m x / a 2 I T x / a z / c 2  t f  z / o
0 .  0 0 0 0 0 . 0 0 . 0 0 0 0 0 . 0

0 ( 1 ) •  0 5 4 2 1 9 . 5 . 1 2 5 0 4 5 . 0
0 ( 2 ) . 0 3 8 6 1 3 . 9 •  3 0 4 3 1 0 9 . 6

C ( l ) . 0 6  5  0 2 3 . 4 . 2 2 9 0 8 2 . 4
0 ( 2 ) . 1 1 2 3 4 0 . 5 . 2 8 3 3 1 0 2 . 0
0 ( 3 ) . 1 4 5 8 5 2 . 5 . 2 2 1 0 7 9 . 6
0 ( 4 ) . 1 8 8 6 6 7 . 9 . 2 6 6 6 9 6 . 0
0 ( 5 ) . 2  0 4 4 7 3 . 6 . 3 8 8 6 1 3 9 . 9
0 ( 6 ) . 1 7 1 3 6 1 . 7 . 4 5 0 0 1 6 2 . 0
0 ( 7 ) . 2 5 7 3 4 6 . 3 . 4 0 5 3 1 4 5 . 9

I t  s h o u l d  b e  n o t e d  t h a t  t h e  c o - o r d i n a t e s  g i v e n  i n  t h e  
t a b l e  a b o v e  h a v e  b e e n  a r r a n g e d  w i t h  t h e  p o t a s s i u m  s i t u a t e d  a t  
t h e  o r i g i n .  T h e  a r r a n g e m e n t  s h o u l d  b e  s u c h  t h a t  t h e  p o t a s s i u m  
a t o m  l i e s  o n  a  t w o - f o l d  a x i s  a t  a  d i s t a n c e  o f  l / 4 c  a l o n g  t h e  
z - a x i s .  T h i s  c h a n g e ,  h o w e v e r ,  d o e s  n o t  a l t e r  t h e  n u m e r i c a l  
v a l u e  o f  t h e  h O  s t r u c t u r e  f a c t o r s  w h i c h  w e r e  c a l c u l a t e d  u s i n g  
t h e  c o - o r d i n a t e s  g i v e n  i n  T a b l e  1 .  T h e r e  i s  m e r e l y  a  c h a n g e  
o f  s i g n  f o r  t h o s e  r e f l e x i o n s  i n  w h i c h  h  =  2 , 6  o r  1 0 .



b e  2 . 0 A .  a n d  t h u s ,  i f  t h e  n o r m a l  s e p a r a t i o n  ( a p p r o x i m a t e l y  
2 . 7 5 A . )  i s  t o  b e  m a i n t a i n e d  t h e n  t h e  d i f f e r e n c e  i n  t h e  
y r- c o - o r d i n a t e s  o f  t h e s e  t w o  a t o m s  m u s t  b e  a l m o s t  1 / 2  b .
I t  m a y  a l s o  b e  i n f e r r e d  t h a t  0 ( 1 )  a n d  0 ( 2 )  l i e  a t  n e a r l y  
t h e  s a m e  y - l e v e l  s i n c e  t h e y  a p p e a r  t o  b e  2 . 1 A .  a p a r t .

F r o m  t h e s e  c o n s i d e r a t i o n s  i t  w i l l  b e  s e e n  t h a t  t h e  
g e n e r a l  s i t u a t i o n  o f  t h e  p o t a s s i u m  a t o m s  ( o r  i o n s )  a n d  t h e  
b e n z o a t e  r e s i d u e s  m u s t  c l o s e l y  r e s e m b l e  t h a t  o f  t h e  
c o r r e s p o n d i n g  a t o m s  o f  p o t a s s i u m  h y d r o g e n  b i s  p - h y d r o x y -  
b e n z o a t e .  A  d e t a i l e d  a n a l y s i s  o f  t h e  h k O  z o n e  w a s ,  h o w e v e r ,  
p o s t p o n e d  s i n c e  t h e  s h o r t n e s s  o f  t h e  b - a x i s  s u g g e s t e d  t h a t  
r e s o l u t i o n  w o u l d  b e  o n l y  s l i g h t l y  b e t t e r  t h a n  i n  t h e  s a m e  
z o n e  o f  t h e  p - h y d r o x y b e n z o a t e  s a l t  a n d  t h a t  t h e  r e f i n e m e n t  
o f  t h e  y - p a r a m e t e r s  w o u l d  l a r g e l y  b e  a  m a t t e r  o f  t r i a l  a n d  
e r r o r .  N e v e r t h e l e s s ,  i t  m a y  b e  s a i d  t h a t  t h e  m o s t  i n t e r e s t i n g  
f e a t u r e ,  n a m e l y  t h e  l i n k i n g  o f  t h e  c a r b o x y l  g r o u p s  b y  a n  
a p p a r e n t l y  s y m m e t r i c a l  h y d r o g e n  b o n d ,  o f  t h e  s t r u c t u r e s  o f  
t h e  a c i d  p o t a s s i u m  s a l t s  o f  p h e n y l a c e t i c  a n d  p - h y d r o x y b e n z o i c  
a c i d ,  i s  p r e s e n t  i n  t h i s  c a s e  a l s o .  A s  w a s  s u g g e s t e d  
p r e v i o u s l y ,  t h i s  m a y  w e l l  b e  a  g e n e r a l  p l a n  t o  w h i c h  t h e  a c i d  
s a l t s  o f  m o n o c a r  b o x y  l i e  a c i d s  c o n f o r m  a n d  t o  o b t a i n  f u r t h e r  
e v i d e n c e  o n  t h i s  p o i n t  i t  w a s  d e c i d e d  t o  g o  o n  t o  a  p r e l i m i n a r y  
i n v e s t i g a t i o n  o f  t h e  s t r u c t u r e  o f  p o t a s s i u m  h y d r o g e n  b i s -  
a n i s a t e .
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Table  2 ,

M e a s u r e d  a n d  c a l c u l a t e d  v a l u e s  o f  t h e  h O l  z o n e  S t r u c t u r e  
F a c t o r s  f o r  P o t a s s i u m  h y d r o g e n  b i s - b e n z o a t e .

h O l 2 s i n O Fm e  a s . Fc a l c
600 0 . 3 1 66 +86

800 0 . 4 1 3 0 -46

1 0 ,  O G 0 . 5 1 4 4 -26

1 2 ,0 0 0.62 5 0 - 5 0
1 4 , 0 0 0.72 22 +10

1 6 ,0 0 0 . 8 3 7 6 +62

1 8 ,0 0 0 . 9 3 3 8 + 4 0
2 0 ,0 0 1 . 0 3 3 8 + 4 0
2 2 ,0 0 1 . 1 4 3 2 + 2 4
2 4 , 0 0 1 . 2 4 20 +20

2 6 ,0 0 1 . 3 4 20 +18

2 8 ,0 0 1 . 4 5 22 +22

3 0 ,0 0 1 . 5 5 22 +20

3 2 ,0 0 1 . 6 5 6 + 1 5
3 4 , 0 0 1 . 7 6 2 4 +22

3 6 , 0 0 1 .86 4 + 1 4
3 2 ,0 2 1 . 6 5 12 -6

3 5 , 0 2 1 . 5 4 <6 +6

h O l 2 s i n G
F

m e  a s .
Fc  a l e  1

2 8 - ,  02 1 . 4 4 8 + 7
26 ,02 1 . 3 4 36 -18

24,02 1 . 2 4 7 8 +60

22*, 02 1 . 1 4 7 4 +60

20,02 1 . 0 4 2 8 + 2 1

18,02 0 . 9 4 48 + 4 0
1 F , C 2 O .8 4 2 5 +  16

14,02 0 . 7 5 2 7 + 4 3
12,02 0 . 6 5 21 +16

10,02 0 . 5 6 12 +16

802 0 . 4 7 7 7 +80

I T g 2 0 . 3 9 7 5 + 7 2
402 0 . 3 2 1 2 4 + 1 5 4
2*02 0 .28 4 5 + 5 3
002 0 . 2 7 68 - 8 1
202 0 . 3 0 5 0 + 5 0
4 0 2 0 . 3 6 9 - 1 6
6 0 2 0 . 4 4 5 2 + 5 1



h C l 2 s i n 6
Fm e  a s .

64
Fc a l c .

802 0 . 5 2 4 6 + 5 6
10,02 0 .6 1 66 4 - 1 0 6
12 ,02 0 . 7 0 8 0 + 1 0 3
1 4 , 0 2 0 .8 0 26 + 4 1
16,02 0 . 9 0 3 0 4 - 3 1
1 8 ,02 1 .0 0 3 4 0

2 0 ,0 2 1 .1 0 10 - 9
2 2 ,0 2 1 .2 0 11 -12

2 4 ,0 2 1 . 3 0 20 4 2 6
2 8 , 0 2 1 .5 0 6 -6

3 0 , 0 2 1 .6 0 3 3 4 4 0
3 2 , 0 2 1 . 7 1 18 4 3 5
3 4 , 0 2 1 . 8 1 18 4 2 0
3 6 ,0 2 1 . 9 1 1 4 4 I 8

7 T T , 0 4 1.88 8 49

3 4 , 0 4 1 . 7 8 9 4 1 5
5 ? ,  0 4 1 . 6 8 2 1 4 2 3
3 ^ , 0 4 1 . 5 9 7 4 1 6
25", 0 4 1 . 4 9 6 6 4 6 I
2 ? , 0 4 1 * 4 0 3 6 4 3 5
S T ,  0 4 1 . 3 0 3 6 - 2 0
2 2 , 0 4 1 . 2 0 1 2 4 1 4
2 0 , 0 4 1 . 1 1 1 0 - 1 0
1 8 , 0 4 * 1 . 0 2 1 0 - 1 1

F Fh O l 2  s i n O m e  a s . c a l c
1 8 , 0 4 0 . 9 4 8 - 8

I T ,  0 4 0 . 8 6 <  5 + 2
“1 2 , 0 4 0 . 7 8 5 4 + 5 3
1 0 , 0 4 0 . 7 1 8 0 +64

F 0 4 0 . 6 5 5 1 + 5 2
¥ 0 4 0 . 5 9 1 0 6 + 1 0 2
4 0 4 0 . 5 6 7 1 + 6 6
2 0 4 0 . 5 4 1 1 + 1 8
0 0 4 0 . 5 4 64 + 5 2
2 0 4 0 . 5 6 5 8 t 4* 00

4 0 4 0 . 6 ‘0 3 6 - 4 0
6 0 4 0 . 6 5 2 6 + 2 4
8 0 4 0 . 7 2 4 0 + 4 1

1 0 , 0 4 0 . 7 9 2 4 +  1 4
1 2 , 0 4 0 . 8 6 3 0 + 2 8
1 4 , 0 4 0 . 9 5 1 6 + 1 2
1 6 , 0 4 1 . 0 3 3 2 + 4 0
1 8 , 0 4 1 . 1 2 3 6 + 3 8
2 0 , 0 4 1 . 2 2 4 0 + 2 4
2 2 , 0 4 1 . 3 1 2 2 +  1 6
2 4 , 0 4 1 . 4 0 2 0 + 1 1
2 6 , 0 4 1 . 5 1 4 2 + 4 0
2 8 , 0 4 1 . 6 0 . 1 8 + 1 7
3 0 , 0 4 1 . 7 0 < 6 + 1 0



F  F
h O l 2  s i n © m e  a s . c a l c

3 2 , 0 4 1 . 8 0 1 2 + 1 4
3 7 , 0 6 1 0 8 6 1 0 + 2 0
3 2 , 0 6 l o 7 7 5 + 1 1
3 0 , 0 6 1 0 6 8 < • 6 + 1 1
2 5 " ,  0 6 1 . 5 9 C 6 + 6

I f f ,  0 6 1 . 5 0 1 8 + 1 8
2 4 , 0 6 1 . 4 1 2 0 + 1 9
2 2 , 0 6 1 . 5 2 2 3 + 2 9
2 0 , 0 6 1 . 2 5 2 0 + 2 6
IB ,  0 6 1 . 1 7 1 9 +26

T F , C 6 1 . 0 9 4 2 + 5 2
1 7 , 0 6 1 . 0 3 1 7 + 2 2
1 2 , 0 6 0 . 9 7 <  5 + 6

T O ,  0 6 0 . 9 2 2 5 + 2 0
f f c 6 0 . 8 7 5 — 2
f f c 6 0 . 8 4 5 - 1 8
7 0 6 0 . 8 2 2 1 + 2 0
2 * 0 6 0 . 8 1 2 5 + 2 5
0 0 6 0 . 8 1 2 0 - 1 5
2 0 6 0 . 8 3 8 4 + 7 8
4 0 6 0 . 8 6 9 4 + 9 2
6 0 6 0 . 9 0 6 2 + 5 5
8 0 6 O b 9 5 4 1 - 5 0

10 ,06 1 . 0 1 1 8 + 1 2

h O l 2  s i n ©
F

m e  a s .
F

c a l c
1 2 , 0 6 1 . 0 7 5 2 + 4 5
1 6 , 0 6 1 . 2 2 4 1 — 5 0
1 8 , 0 6 1 . 5 0 2 0 + 2 0
2 0 , 0 6 1 . 3 8 2 1 + 1 9
2 2 , 0 6 1 . 4 7 2 0 +  1 6
2 4 , 0 6 1 . 5 6 5 4 + 5 0
2 6 , 0 6 1 . 6 5 5 2 + 1 8
2 8 , 0 6 1 . 7 5 5 5 + 2 9
3 0 , 0 6 1 . 8 3 1 1 + 1 8
W ,  0 8 1 . 8 8 1 5 + 2 1
JU,08 1 . 7 9 5 + 4
2 ^ , 0 8 1 . 7 1 < 6 +  1 5
2 5 * ,  0 8 1 . 6 3 1 4 + 1 6
2 4 , 0 8 1 . 5 6 2 0 + 2  0
2 2 , 0 8 1 . 4 8 7 + 2
2 0 , 0 8 1 . 4 2 2 0 +26

1 8 , 0 8 1 . 5 5 2 0 + 2 1
1 § * ,  0 8 1 . 2 9 5 5 + 5 7
1 4 , 0 8 1 . 2 4 2 0 + 2 1
1 2 , 0 8 1 . 1 9 4 2 + 4 0
1 0 , 0 8 1 . 1 5 4 4 + 4 9

8 * 0 8 1 0 1 2 1 8 I H O

£08 1 . 1 0 <6 4 8
4 0 8 1 . 0 8 5 0 4 2 6



h O l 2  s i n ©
F

m e a s o
3?

c a l c
? 0 8 1 . 0 7 3 2 + 2 8
0 0 8 1 « 0 8 3 7 + 3 4
2 0 8 1 . 1 0 1 8 CVJ

Y

4 0 8 1 . 1 2 3 2 + 2 4
6 0 8 1 . 1 6 1 8 + 8
8 0 8 1 . 2 0 1 3 + 1 5

1 2 , 0 8 1 . 3 0 7 - 1 1
1 4 , 0 8 1 . 3 6 5 0 + 5 4
1 6 , 0 8 1 . 4 3 S5 + 4 1
1 8 , 0 8 1 . 5 0 2 0 + 1 6
2 0 , 0 8 1 . 5 7 3 5 + 3 4
2 2 , 0 8 1 . 6 5 1 8 + 1 6
2 4 , 0 8 1 . 7 3 1 4 + 7
2 6 , 0 8 1 . 8 2 1 4 - 3
2 8 , 0 8 1 . 9 0 1 2 - 5
1 6 , 0 , 1 0 1 . 5 1 7 + 1 2
1 4 , 0 , 1 0 1 . 4 7 < 7 + 1 3
1 2 , 0 , 1 0 1 . 4 3 4 5 - 4 1
1 0 , 0 , 1 0 1 . 4 0 < 7 + 1 1

T J , 0 , 1 0 1 . 3 7 4 8 + 4 8
7 , 0 , 1 0 1 . 3 6 2 0 + 1 9
T , o , i o 1 . 3 5 4 3 + 4 3
7 , 0 , 1 0 1 . 3 5 4 3 + 3 8
0 , 0 , 1 0 1 . 3 5 4 2 + 3 3

y y
h O l 2  s i n © m e  a s . c a l c

2 , 0 1 0 1 . 3 7 2 0 + 1 8
4 * 0 1 0 1 . 3 9 7 - 6
6 , 0 1 0 1 . 4 2 7 + 7
8 , 0 1 0 1 o 4 6 1 9 + 1 2

1 0 , 0 , 1 0 1 . 5 0 1 9 + 1 8
1 2 , 0 , 1 0 1 . 5 5 2 0 + 2  0
1 4 , 0 , 1 0 1 . 6 0 1 8 + 1 9
1 6 , 0 , 1 0 1 . 6 6 1 1 + 1 1
1 8 , 0 , 1 0 1 . 7 2 6 + 9
2 0 , 0 , 1 0 1 . 7 9 2 0 + 1 8
■ £ 2 , 0 , 1 2 1 . 8 8 1 2 + 2 4
2 0 , 0 , 1 2 1 . 8 3 <. 5 + 1 8
1 8 , 0 , 1 2 1 . 7 8 < 5 + 6
1 6 , 0 , 1 2 1 . 7 4 <  5 + 9
1 4 , 0 ,1 2 1 . 7 0 1 6 + 1 3
1 2 , 0 , 1 2 1 . 6 7 2 7 - 2 8
1 0 , 0 , 1 2 1 . 6 5 1 1 + 1 0

8 , 0 , 1 2 1 .6 3 1 6 + 1 9
?T, 0 ,1 2 1 . 6 2 < 6 +  1 4
T , 0 , 1 2 1 . 6 1 < 6 + 2 9
7 , 0 , 1 2 1 . 6 1 < 6 + 2 8
0 , 0 , 1 2 1 . 6 2 1 1
2 , 0 , 1 2 1 .6 4 2 1 + 1 8
4 , 0 , 1 2 1 .6 5 2 7 + 2 5



h O l 2 s i n 6
F

m e a s .
F

c a l c
6 , 0 , 1 ? 1 . 6 8 1 8 + 1 9
8 , 0 , 1 2 1 . 7 1 2 9 + 2 9

1 0 , 0 , 1 2 1 . 7 5 2 7 + 3 2
1 2 , 0 , 1 2 1 . 8 0 1 4 + 6

h O l 2 s i a ©
F

m e a s .
F

c a l c
1 4 , 0 , 1 2 1 . 8 4 5 + 1 2
1 6 , 0 , 1 2 1 . 9 0 1 2 + 2 5
1 8 , 0 , 1 2 1 . 9 5 1 4 - 5
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P o t a s s i u m  h y d r o g e n  b i s - a n i s a t e .

C r y s t a l  D a t a .
P o t a s s i u m  h y d r o g e n  b i s - a n i s a t e ;  K H ( C g H y O ^ ^ ;  m o l e c u l a r  

w e i g h t  »  3 4 2 . 4 ;  o r t h o r h o m b i c  p r i s m a t i c ;  a  *  3 5 o 6 6 ( ± . . 0 7 ) ,  
b  s  6 •  9 8 ( ^ *  0 2 ) ,  c  s  6 . 1 7 ( + . .  0 2 ) A . ; v o l u m e  o f  u n i t  c e l l ,  1 5 3 6  A ?  ; 
d e n s i t y ,  c a l c u l a t e d ,  1 . 4 8 0 ,  f o u n d ,  1 . 4 7 7 ;  f o u r  m o l e c u l e s  
p e r  u n i t  c e l l ;  P ( 0 0 0 )  *  7 1 2 ;  a b s o r p t i o n  c o e f f i c i e n t  f o r  
X - r a y s (  A  =  1 . 5 4 A .  ) / d . a  3 4 c m T ' 1'

A b s e n t  s p e c t r a :  0 k i  w h e n  k  i s  o d d ;  h o i .  w h e n  & i s  o d d ;
h k O  w h e n  h + k  i s  o d d .  S p a c e  g r o u p  -  P b c n .  T h i s  i m p l i e s  
t h a t  e a c h  m o l e c u l e  h a s  e i t h e r  a  c e n t r e  o f  s y m m e t r y  o r  a  t w o 
f o l d  a x i s .
E x p e r i m e n t a l  o

T h e  c r y s t a l s  g r o w n  f r o m  a l c o h o l  ( S m i t h ,  1 9 4 9 )  a r e  l a t h 
s h a p e d  a n d  e l o n g a t e d  i n  t h e  d i r e c t i o n  o f  t h e  b - a x i s .  U s u a l l y ,  
t h e  [ l O O 5 f o r m  o n l y  i s  w e l l - d e v e l o p e d .  T h e r e  a r e  c l e a v a g e  
p l a n e s  p e r p e n d i c u l a r  t o  ( 1 0 0 )  a n d  t h e  c r y s t a l s  a r e  e a s i l y  c u t  
t o  d i m e n s i o n s  s u i t a b l e  f o r  X - r a y  w o r k .
D e t e r m i n a t i o n  o f  S p a c e  C r o u p .

W e i s s e n b e r g  m o v i n g  f i l m  p h o t o g r a p h s  w e r e  e a s i l y  o b t a i n e d  
f o r  c r y s t a l s  r o t a t e d  a b o u t  t h e  f b *  a n d  ’ c *  a x e s *  O w i n g  t o  t h e  
r a t h e r  l o n g  f a f  a x i s  a n d  t h e  d i f f i c u l t y  o f  a d j u s t i n g  t h e  s c r e e n s  
n o  m o v i n g  f i l m  d a t a  w e r e  o b t a i n e d  f o r  c r y s t a l s  r o t a t e d  a b o u t  t h i s  
a x i s .  P a r  i n f o r m a t i o n  a b o u t  t h e  C k I  r e f l e x i a n s  i t  w a s  t h e r e f o r e
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n e c e s s a r y  t o  d e p e n d  a n  f i r s t  o r d e r  e q u i - i n c l i n a t i a n  p h o t o g r a p h s  
a b o u t  t h e  f b *  a n d  * c f a x e s .  F r o m  t h e  f i r s t  l a y e r  f i l m  o f  t h e  
b - a x i s  i t  w a s  a p p a r e n t  t h a t  0 1 ^  s p e c t r a  w e r e  a b s e n t  a n d  t h e  
c o r r e s p o n d i n g  f i l m  o f  t h e  c - a x i s  s h o w e d  t h a t  Q k l  r e f l e x i o n s
w e r e  a b s e n t  w h e n  k  w a s  o d d .
M e a s u r e m e n t  o f  I n t e n s i t i e s *

U s i n g  t h e  m u l t i p l e  f i l m  t e c h n i q u e  ( R o b e r t s o n ,  1 9 4.3 ) ,  

r e f l e x i o n s  f r o m  t h e  h 0 £  a n d  h k O  z o n e s  w e r e  o b t a i n e d  f r o m  m o v i n g  
f i l m  e x p o s u r e s  o f  t h e  e q u a t o r i a l  l a y e r  l i n e s  f o r  c r y s t a l s  
r o t a t e d  a b o u t  t h e  f b *  a n d  # c *  a x e s .  F o r  1 0  h o u r  e x p o s u r e s ,  t h e  
r a n g e  o f  i n t e n s i t i e s  c o v e r e d  w a s  a b o u t  2  0 0 0 : 1 .  A s  m e n t i o n e d  
a b o v e ,  n o  i n f o r m a t i o n  w a s  o b t a i n e d  f o r  t h e  O k  I  z o n e .

S i n c e  t h e  c r y s t a l s  c o u l d  b e  r e a d i l y  c u t  t o  a n  a l m o s t  
s q u a r e  c r o s s - s e c t i o n ,  a b s o r p t i o n  c o r r e c t i o n s  w e r e  u n n e c e s s a r y  
b u t  t h e  o t h e r  c o r r e c t i o n s ,  a s  f o r  m o s a i c  c r y s t a l s ,  w e r e  a p p l i e d .  
I n  t h e  h O  I z o n e  t h e  c r y s t a l  u s e d  h a d  a  c r o s s - s e c t i o n  n o r m a l  t o  
t h e  b - a x i s  o f  . 3 9 m m .  b y  0 3 2 m m . ,  a n d  f o r  t h e  h k O  z o n e  t h e  c r o s s -  
s e c t i o n  n o r m a l  t o  t h e  c - a x i s  w a s  o 3 5 n m i o  b y  . 26m m .
A n a l y s i s  o f  t h e  S t r u c t u r e .

A s  y e t ,  o n l y  t h e  p r e l i m i n a r y  s t a g e s  o f  t h e  a n a l y s i s  
h a v e  b e e n  c a r r i e d  o u t .  I t  w a s  h o p e d  t h a t  a  P a t t e r s o n  p r o j e c t i o n  
m i g h t  b e  o f  s o m e  a s s i s t a n c e  b u t  t h e r e  w a s  a  d i f f i c u l t y  i n  
e v a l u a t i n g  t h i s  f u n c t i o n  f o r  b o t h  t h e  h O i  a n d  h k O  z o n e s .  I n  
t h e s e  z o n e s  v e r y  h i g h  o r d e r s  o f  h  a r e  p o s s i b l e  a n d  w e r e ,  i n
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F i g .  6 .
P a t t e r s o n  s y n t h e s i s  (  I ^ ^ q I2 )  f o r  p o t a s s i u m  h y d r o g e n  " b i s -  
a n i s a t e .  C o n t o u r - l i n e  s c a l e  a r b i t r a r y .
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P a t t e r s o n  s y n t h e s i s  ( l ^ o i l * )  ^ o r  p o t a s s i u m  h y d r o g e n  b i s -  
a n i s a t e .  C o n t o u r - l i n e  s c a l e  a r b i t r a r y .
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f a c t ,  o b s e r v e d  ( e . g .  u p  t o  h  *  4 2 ) .  T h e  n u m b e r  o f  o r d e r s  o f  
r e f l e x i o n s  i s  t h u s  m u c h  h i g h e r  t h a n  c a n  b e  t r e a t e d  b y  t h e  
u s u a l  m e t h o d s  o f  c o m p u t a t i o n ,  s u c h  a s  t h e  B e e v e r s - I A p s o n  s t r i p s  
o r  t h e  R o b e r t s o n  s t e n c i l  m e t h o d ©  I n  a d d i t i o n ,  t h e  s y s t e m a t i c  

a b s e n c e s  a r e  s u c h  t h a t  b o t h  e v e n  a n d  o d d  v a l u e s  o f  h  m a y  o c c u r  
a n d  h e n c e  t h e  h  i n d i c e s  c o u l d  n o t  b e  h a l v e d  t o  b r i n g  t h e m  

w i t h i n  t h e  r a n g e  o f  t h e s e  m e t h o d s .  F o r  t h i s  r e a s o n  t h e  
P a t t e r s o n  f u n c t i o n s  c o u l d  n o t  b e  e v a l u a t e d  a s  f u l l y  a s  w a s  
d e s i r e d .

A  P a t t e r s o n  p r o j e c t i o n  w a s  m a d e  a l o n g  t h e  a - a x i s  
a n d  t h e  r e s u l t  i s  s h o w n  i n  F i g . 6 .  L i t t l e  i n f o r m a t i o n  w a s  
o b t a i n e d  f r o m  t h i s  m a p .  I h e  m o l e c u l e s  o b v i o u s l y  l i e  a l o n g  

t h e  0 2  0  p l a n e s  ( a  f a c t  w h i c h  w a s  a p p a r e n t  f r o m  t h e  v e r y  s t r o n g  
0 2 0  r e f l e x i o n )  b u t  t h e r e  i s  l i t t l e  i n d i c a t i o n  o f  t h e  a c t u a l  

p o s i t i o n  o f  t h e  i n d i v i d u a l  a t o m s .  I t  w a s  t h e r e f o r e  d e c i d e d  t o  
m a k e  a  s i m i l a r  p r o j e c t i o n  a l o n g  t h e  b - a x i s ,  a n d  i t  w a s  h o p e d  
t h a t  t h i s  w o u l d  p r e s e n t  a  m o r e  f a v o u r a b l e  a s p e c t  o f  t h e  
m o l e c u l e .  O n l y  6 0  t e r m s  c o u l d  b e  i n c l u d e d  i n  t h e  s u m m a t i o n ,  
t h e  r e s u l t  o f  w h i c h  i s  s h o w n  i n  F i g . 7 . ,  a n d  t h i s  i s  b e l i e v e d  
t o  b e  t h e  r e a s o n  f o r  t h e  s m a l l  n u m b e r  o f  p e a k s  o b s e r v e d .  O n l y  
t h e  p e a k s  d u e  t o  t h e  o x y g e n  a t o m s  o f  t h e  c a r b o x y l  a n d  m e t h o x y  
g r o u p s  c o u l d  b e  i d e n t i f i e d  w i t h  a n y  c e r t a i n t y .  I h e  l a r g e  
p e a k s  i n  b o t h  d i a g r a m s  a r e ,  o f  c o u r s e  p r e s u m e d  t o  b e  d u e  
p a r t l y  t o  t h e  p o t a s s i u m  a t  c a n s .

A  p r o p e r  i n t e r p r e t a t i o n  o f  t h e  P a t t e r s o n  d i a g r a m s



7 3 .

h a s  n o t ,  a s  y e t ,  b e e n  a c h i e v e d  a n d  f u r t h e r  s p e c u l a t i o n  o f  
t h e  s t r u c t u r e  o f  t h i s  s a l t  i s  n o t  p o s s i b l e ®
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