
STUDIES ON PARTIAL POSITIONAL DISORDER I N  SOME 

AZO AND AZOXY WMPOUNDS 

6.1 Jntroduction 

A de ta i led  analysie  of t h e  pos i t iona l  d isorder  

observed i n  one of t h e  independat  molecules i n  the  

c r y s t a l  s t r u c t u r e  of the  nematogen 3-p-methoxybenzylidene - 
p-phenyl a m a n i l i n e  (MBPAA) has been described i n  ahapter - 
2. A Li te ra ture  survey revealed t h a t  s imi la r  p a r t i a l  

pos i t iona l  disorder  about azo or azoxy bonds connecting 

two phenyl rings a lso  oacw i n  the  o rys ta l  e t ruc tu res  

of a few other compounds, both mesogenic and non-mesogenic. 

We have invest igated i n  d e t a i l  the  occurrence of  d isorder  

i n  four  c rys ta l  s t ruc tu res ,  vie.,  MBPAA (chapter 2 ) ,  

p-azoxyanisole .... (PAA) , txang-azobenzene , anB - p-aeotoluene ) 

t he  first two compounds a r e  mescgenio, while the other  

two axe not (Fig. 6.1). The disorder  is about an a ~ o q  

bond i n  the c r y s t a l  s t ruc tu re  of PAA and about a n  azo 

bond i n  the others. 

The procedure adopted i n  t h i s  ana lys is  w a s  ( i )  t o  

de tec t  the presence of disorder  from e lec t ron  density maps 

( i i )  t o  determine t h e  r e l a t i v e  probabi l i ty  af occurrence 

of the two ro ta t iona l  oodormers, which give r i s e  to the 





disordered s tructure,  by least-s quares cdcu la t i ons ,  

and (111) t o  ref ine  the  crystal  s t ructure by the 

l e a s t  squares technique a f t e r  including the s t ruatura l  

disorder with appropriate weight. It appeared 

log ica l  t o  expect t ha t  i f  the  posit ional disorder 

i n  these c rys ta l  s t ructures  warj  genuine, the 

i nc lwion  of dieorder should reduce the  crystallographic 

R-factor defined as Z IIFOI - l%ll The de ta i l s  
Z I=ol 

of the electron density maps and least-squares calou- 

latiom are  given i n  the ensuing sections,  I n  three  

oryr~ltal s t ructures  out of the four  studied by us, t he  

disorder was detected from the  electron density map 

and i n  p-azotoluene, the  coordinates of t he  disordered - 
s t ructure  were already available i n  l i t e r a tu re .  

6.2 -- Least-sgares refinement 

(a)  MBPAA: Section 2.4 desoribes t he  least- squares 

refinement inoluding the disorder i n  the c rys ta l  s t ruc ture  

of MBPAA. I n  t h i s  etruoture, p a r t i a l  disorder occure 

about the  azo bond of one of the two crystallogsaphically 

independent molecules i n  the asymmetric pa r t  of t he  uni t  

ce l l .  The R-value before including the  disorder i n  t he  



refinement w a s  0.146. Prom a a i f f e r e n c e  e l e c t r o n  dens i ty  

map, d i s t i n c t  a l t e r n a t e  pos i t i ons  corresponding t o  two 

r o t a t i o n a l  oonformers were found f o r  t h e  a50 n i t rogen  

atoms of one of t h e  c r y s t a l l o g r a p h i c a l l y  independent 

molecules. Subsequent l emt -squares  refinement of t h e  

occupancy f a c t o r s  of t h e  two s e t s  of p o s i t i o n s  y ie lded  

t h e  v a l u e s  0.7 and 0.3 respec t ive ly .  With t h i s  c l e a r  

evidence f o r  t h e  simultaneou@ occurrence of two r o t a t i o n a l  

conformers, two types  of r e f i n w a n t  were undertdcen. 

(i) Two s e t s  of pos i t i ons  were considered f o r  t h e  two 

a m  ni t rogen atoms, assigning t h e  occupancy f a c t o r s  0.7 

and 0.3 respec t ive ly .  Thie s e t  coneia ted  of 50 independent 

atomic pos i t i ons  i n  t h e  asymntetric p a r t  of t h e  u n i t  oe l l .  

Block diagonal leas t- squares  refinement of t h e  p o s i t i o n a l  

and thermal parameters of t h i s  s e t  reduced t h e  R-value t o  0.12 

( i i )  The axomatic carbon atoms connected by t h e  azo bond 

were a l s o  assignecl two s a t a  of pos i t i ons  based on a d i f f u s e  

&if fercance e l e c t r o n  dens i ty  d l . s t r i b u t i  on. The two Bets  

of c a b  on p o s i t i  om were assumed t o  have t h e  same occupancy 

f a c t o r s ,  v ie . ,  0.7 and 0.3, a8 t h e  disordered n i t rogen  

atoms. This s e t  had 62 independent atomic p o s i t i o n s  i n  

t h e  asymmetric p a r t  of t h e  u n i t  o e l l .  Whetn t h e  l e a s t -  

squares  refinement converged, t h e  R-value had reduced t o  

0.126 f o r  t h i s  s e t .  The R-value f o r  both t h e  s e t s  were 

lower than t h e  i n i t i a l  va lue  of 0.146. The f i n a l  r e s u l t s  

of the refinament and d e t a i l s  of  molecular dimensions 



have a l r eady  been presented i n  Chapter 2. 

(b) ;e-Lsoxyanisole (PAA) r K r i  gbaum e t  al [ I] 

have amdyead t h e  c r y s t a l  s t r u c t u r e  of  t h e  nematogen PAA 

(pig.  6.2). They have repor ted  t h e  ex i s tence  of two 

extraneous peaks i n  their. f i n a l  d i f f e r e n o e  Four ier  map 

i n  t h e  v i c i n i t y  of t h e  a ~ o x y  group. They suggest  that  the  

s t r u c t u r e  i s  s l i g h t l y  disordered as t h e  r e s u l t  of a mall  

percentage of t h e  molecules en t e r ing  t h e  c r y s t a l  with 

t h e  atso bond reversed ,  80 t h a t  t h e  n i t rogen  atoms oocupy 

a n  a l t e r n a t e  s e t  of pos i t ions .  This t ype  of d i so rde r  

would a l s o  exp la in  t h e  presence of t h e  two e x t r a  peaks 

i n  t h e  d i f f e r ence  Fouxiar map. However, no f u r t h e r  

publihlhsd r e s u l t s  of any refinement inc lud ing  t h i s  part ial  

d i so rde r  a r e  ava i lab le .  An exxamination of  t h e  atomic 

parameters  of PAA revealed t h a t  the! azoxy nitxogen a t o m  

had s l i g h t l y  h igher  thennal  parameters compared t o  t h e  

p e s t  of the a t o m .  The va lues  of t h e  equivalent  i s o t  ropio 

temperature f w t o x s  [ 2 ]  f o r  - N ( 9 )  and N(10) were 6.47 - + 
.z 0 2 

0.15 A rand 6.73 ?; 0.18 A r e spec t ive ly ,  whereas t h e  ... 
.L 

avera$e f o r  t h e  r e s t  of t h e  molecuZe wrrs 8.64 2 U.15 A . 
A t  t h e  beginning of o u r  i n v e s t i g a t i o m  on PAA, a 

d i f fe renoe  map w a s  computed using t h e  repor ted  coordinates  

of Krigbayn e t  eil [I]. !Chis map was found t o  c o n t a i n  
11-7 

two peaks of he igh t  vr 0.5 e.A i n  the! plane of  t h e  





aeoxy group, s imi la r  t o  what has been reported by 

Krigbaum e t  d [I] .  Another molecular model, which is 

a ro ta t iona l  eonformer of  t h e  o r ig ina l  model could be 

f i t t e d  so t h a t  t h e  nitro&en atoms occupied the  peak 

poei t ions  obtained from the  d i f fe rence  Fourier map. I n  

Fig. 6.3, %he or ig ina l  molecule and t h e  pos i t iom of the 

two new peak8 a r e  shown. #(91), N(101) and N(92), 

N(162) are t h e  or ig ina l  and new posi%ioIlls of t h e  nitrogen 

atom8 respectively.  ~ h o  oxygen atom o ( I ~ )  is bonded t o  

N(99) i n  the or ig ina l  moat&. It i s  in te res t ing  t o  note  

%hat no e x t r a  peak oorresponding t o  an a l t e r n a t e  pos i t ion  

f o r  the oxygen atom was found i n  the  map. %he nitrogen 

atom N(102) was ao si tua%ed t h a t  it could be bonded t o  

O(11). The axygen atom i s  thus common t o  both the  

A t  %his  s t age ,  t h e  oc~upmcJ.e.s of t h e  f o u r  posit ione 

N(91), N(101), H(92) md N(102) were ref ined by +,he least-  

squares procedme, starting with an i n i t i a l  value, of 0.5 

f o r  each of them. I n  this oalculat ion,  the reported 

anisotropic  thennal  ga rmete re  U '8 for  t h e  non-hydrogen i d  
atoms were converted t o  equivalent i so t rop ic  t e~uparature 

fac tors ,  B, u i n g  the  expression given by Hamilton [2 ] .  

The occupanciee of t h e  O r i ~ i n a l  and t h e  new s e t s  of 

posi t ions  re f ined  t o  values 0.80 10.02 and 0.20 + 0.02 .. 
respect ively.  Four mare cycles of block-diagonal l e a ~ t -  





6.3: 2ke origina3. PA& moleale slang u$th tbe two pe.U -a th. 
differerne Fourier u p .  ~(91). H(101) aad l(%), S(102) are 
the origiaal and the new positions of the nitrogen atwa 



a quares refinement were cmried  out assigning these 

ocoupanoy values t o  t he  two s e t s  of nitrogen atoms. 

Isotropic  thermal pa rme te r s  were assigned t o  t h e  

nitrogen atoms ond anisotropic thema1 paramet era f o r  

the r e s t  of the non-hydrogen atoms. Hydrogen atom 

were inoluded i n  the s t ruc tu re  f ac to r  caloulations but  

t h e i r  coordinates were not refined. The R-value had 

reduced from the reported v d u e  [ I  oP 0.091 to  0.075 

at  the end of t he  refinement 

2he f im l  posi t ional  bvld thermal parameters of 

a l l  the  non-hydrogen atoms a r e  l i s t e d  i n  Table 6.1. 

Fig. 6.4 ahows t he  bond lengths and angles. Since 

a l t e rna t e  posi t ions f o r  the  carbon atoms of t he  phenyl 

r ings  oonnected by t he  alroxy group have not been oonsi- 

dared i n  the above treatment, t h e  external  valency singles 

a t  O(6) and ~ ( 1 2 )  a r e  dis tor ted.  Also, s ince  t he  least- 

squaree refinement d i d  not inolude t h e  corre la t ion  

between an &tom and i t s  dieordered counterpart,  the 

~ t o m i c  pa rmete r s  as well aa t h e  molecular dimension8 

i n  t h e  disordered region a r e  l e s s  accurate. A t  t h e  end 

of the refinement, the  iaot  ropic temperature fac to r s  f o r  

a l l  the four nitrogen atoms were lower than the i n i t i a l  
0% 

values, -tile average baing 4.19 A, compared t a  the  i n i t i a l  
o 2 a 2 

a.auivalent B mJ.ues of 6.47 A and 6.73 h fo r  N ( 9 )  and 

X( 10)  resgeatjlvely. 
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Pinw~r 6.4 

Zhe final intrratronic band 
2eng*r m& an&@# cU PU. 



Aa mentioned easrUar, the dlf'ferenanc~e a e o t r o n  

%*mi t y  map d id  not contain u y  ex t ra  density cor~?espondiw 
to  an s r l t e ra~r t~!  poattlon f o r  t he  oxygen atom. Xn the s e t  

correepolm8iry3: ti? 0.8 meuywoy f o r  the  nitmgcan atoms, 

o(1.1) is  bonded t o  N('41J  whercaaa i n  t he  other sad 

oorreeponUng t o  0.2 oocupconay f o r  t he  nitrogen a t o m ,  

r , Q 1 1 )  is bonded t o  ~ ( 1 0 2 ) .  %hue, the  oaygen atom i n  

the azoary group is bonded t o  8 i f f  erent nitrogen at;oms i n  

the  two @eta. Y U 5  fea ture  is in oantrcast to whal hadl 

been f o W  i n  the aryetal  sLructure of the high tempe- 

ra tu re  pclymorph of tha smeuto&en e thy l  - p-alcoxyben~oata [ 3 ]  

(Pi$. 6 .5 ) .  wheze a e imi lar  8iraorder oocrure about t he  

ciirsoxy bond of the molecule. Unlike the diaordar irk the  

etruature of PAA, i n  slhyl p-aaoxybeneoate, the oxygen - 
catom of the  azoxy group i a  alao disordered i n  a d a t i o n  t o  

the n;ltrog@n atom.  2ha %wo positloma of the  oxygen atom 

a r e  on elthrtr side o f  the  -N=B- bond al(l8 thua the oxygen 

atom always rrtmainn attached t o  t he  same nftmgen atom 

i n  the  gzoup (Eig;. 6.5). 

(0) : Brown [4 ]  ha8 malyaed the 

wryst& s t ruc ture  of tm-mmbeneene.  %his compound 

o ry~ j t ; d l i s e s  in the space group PZ1/a. There a re  four 

moleaules i n  the u n i t  a e l l  with each molecule lying on 

s oentre of aynunetry. Them a r e  thua, two non-equivalent 

pairs of moleculser i n  the wilt o e l l  a d  one half of eaolh 



6.2: %he two retr of porifionr for the amoxy 
poup of atmu i n  the hi& temperature 
~olsnror~h 02 the rmeohogen e*hyl-p- 



kind oomprisee the  contents of t h e  asymmetric u n i t  r 2he 

two non-equivalent arsobensene moleculea centred at (0, o, o) 

and(o,o,$) i n  the  as~~mmetr lc  p a r t  of the  un i t  o e l l  a r e  

indioated i n  Big. 6.6, along with the  atom numbering 

soheme. 

1 2he atoms of the  moLeoule centred a t  ( O , O , ~ ) $  v i a * ,  

a(7) to  C(12) and N(2), were found t o  have appreoiably 

U r g e r  thermal parameters oompared t o  t h e  oorrespondh$ 

a t o m  of thta other  molecule. The standard deviations of 

the atomic ooorainates were a l s o  l a r g e r  f o r  t h e  atoms of 
1 the  molecule a t  (o,o,$ (molecule 2 ) ,  compared t o  those 

of the molecule a t  (o,o,o) (aoleaule 1). Brown [4]  

auggefats that t h e  higher temperature f a o t w s  of molecule 

2 are probably due t o  the  presence of disorder ,  with the 

molecule occupying more than one posi t ion.  But no published 

r e e u l t s  of an~r f u r t h e r  invea t iga t iom concerning t h e  

presence of disorder a r e  available. 

A t  the beginning of our inves t iga t ions ,  a 

dif f erenoe Fourier map was comput ed wing t h e  reported 

cowdina tes  of Brown [4]. I n  t h e  reg ion  of t h e  ago-bond 

of aoleaule  2 ,  6 ~ 1  e lec t ron  denaity peak wars found i n  the  

map. The d i f fe rence  &ensity a a t r i b u t i o n  i n  the reglon 

ocrougied by the  r e s t  of t h e  moleuule was very ins ign i f i -  

owti. Fhe differsnoe lpilp peak and i ts  centrosymmetric 

egu ivden t  were found t o  be s i tua ted  on e i t h e r  s i d e  of 



3lguxe 6.6 1 Me Pwo non-e quimalent %--arobensene nolraule 8 

oenfred. at  (0 ,0 ,0 )  and ( o . Q , ~ ) .  

~ ~p ~ . ~ . ~ ~ ~ ~ ~ ~ ~ p -  

~~ ~ ~~ ~ ~~ ~ ~ 



the -N=N- bond of ~lolecule  2 (Big. 6.7) aznd c l ea r ly  

indicated the a l t e rna te  positions f o r  N(2) and i ts  centro- 

symmetric equivalent. Thla second s e t  of positions f o r  

the atoms of the -NUN- bond of molecule 2 correspoP9s t o  

the ro ta t ional  conformer of t he  original  moleoule tuhoae 

carbon aCorns more or l e s s  exactly superpose on the 

original  positions. The original  m d  the new posit lorn 

of N(2) a re  denoted as N(21) an8 N(22) respeotively 

(Pig. 6.7). Asr mentioned ea r l i e r ,  the  difference electron 

density did not indicate  the presence of any disorder f o r  

the r e s t  of the  atom i n  the molecule. 

Both the positiona of the nitrogen atoms i n  

molea le  2 were assigned equal weights of 0.5 eaah. The 

reported anisotropic thermal paranettars, b i j l s ,  of the  

non-hydrogen atoms were converted t o  t h e i r  eqri.vdent 

isotropio temperature faa tors ,  B s. Least-s quares 

refinement of t he  ocoupanay factore was casr ied out and 

the ocaupanoiee of N(21) and N(22) refined t o  0.85 - + 0.02 

and 0.1 5 - + 0.02 rerPgectively. Pive more cycles of bloak- 

diagonal s t ructure  fac to r  least-squares oalculationa with 

b i ~  
's f o r  a l l  the  non-hydrogen atoms except N(21) and 

l?(22), and B v s  f o r  N(24), N(22) and the hydrogen a t o m ,  

r~duoed the  R-value t o  0,063. T.h@ R-varlue reported by 

Brown [ 4 ]  without including the disorder i n  the least-  

squares refinement was 0.069. Though the  reduction i n  



Pigwe 6.7; !l!he pa& found i n  the dlffermae Fourier rep 
of troneg-asobensoru, lndiaatiiag a reaond met of 
p~~'IIiji~m for  the as0 nitirogm @$on6 of 
m o l e a ~ e  2. 



the R-faotor by including t h e  disorder  i n  the refinement 

i s  only 0.006, it is  found to be s igni f icant  aocarding 

to  Hamilton's signifioanae t e s t  discussed a t  t h e  end of 

this e e a t i  on. 

The f i n a l  poeit ional and thennal parameters of 

trans-azobenzene a r e  l i s t e d  i n  Table 6.2. l'he bond 

lengthe and angles a r e  shown i n  Pig. 6.8. The two -N=N- 
0 0 

bond distances i n  moleoule 2 a r e  1.22(1) A and 1,30(7) A 

f o r  the posit ions corresponding t o  t he  occupancy fac to re  

0.85 and 0.15 respectively. For molecule 1, this length 

is 1.238(6) 1. I n  the e a r l i e r  refinenent of Brown [4] 

where two pos i t ions  were not considered fo r  N(2), the 
0 0 

-N=PJ- bond lengtha were 4.243 A and 1.172 A i n  molecule 1 

an8 molecule 2 respectively. Jm i n  t he  case of PAA and 

for  reaaons mentionetl there, the external valency angles 

a t  the phenyl r i n g  carbon atom 0(7) connected by the  a50 

bond a r e  dis tor ted.  

(8) p-Azotoluene : %his c ompound orys t a l l i z e e  i n  

the monoclinic apaoe gmup ~ 2 , / a  with 2 molecules pe r  

uni t  c e l l .  Thus, the centres of t h e  molecules aoinoiae 

with the cent res  of syme t ry  i n  the  c r y s t a l  l a t t i c e .  

This r e s u l t s  i n  only h a l l  of t h e  symmetric p-azotoluene - 
moleaule being crystal lographical ly  independent. 

Brown [5] has atudled t h e  orystal  s t ruc tu re  of 

this compound. We observed high thezmal parameters f o r  





Ifi(gure 6.8: $he fiaal intmatmnio bend imgliho and angler 
of .bran#-anobensene. 

C _  



the  atoms i n  the cen t ra l  aeo region of t h e  moleoule 

and a n  unusual lenglh f o r  the  as0 bond. Be a t t r i b u t e d  

these f ea tu res  t o  the presence of two r o t a t i o n a l  con- 

formers of the  molecule which randomly aoexis t  i n  the  

s t ruoture .  On re f in ing  the s t r u c t u r e  a f t e r  assigning 

two Sets  of pos i t iom f o r  a l l  the  a tom i n  the  molemale 

(Big.  6.9), he has obtained a lower R-value, b e t t e r  

molecuZar dimensions anil lower atomic thenaal  parameters. 

However, he has not car r ied  out Least-squares refinement 

of t h e  occupancy f a c t o r s ,  but h a s  hassunred an equal p r o b -  

b i 1 i . t ; ~  of oocurrence for  both the  ro ta t iona l  oonformers 

Our work on p-amtoluene was mainly to  determine the - 
pexaent age oaaurrance of t h e  two ro t  at1 onal oonformers. 

Occupancy f actore of the  two s e t s  of atomic 

posi t ions  reported by Brown [ 5 3  wese refined by leas t-  

squares technique. T h i s  refinement confirmed t h a t  t h e  

two conformers corresponaing t o  theses two s e t s  af atomic 

posit ions occur with equal probabi l i ty  of 0.5 eaoh. 

I n  'tihe c r y s t a l  s t r u c t u r e s  of PAA and trans-a~obanzene, 

tha difference Fourier mapa aleslrly indicated two s e t s  of 

posi t ions ,  aorrespondirng t o  the  two r o t a t i o n a l  conformers, 

f o r  t h e  nltxogen a t o m  i n  the -N=N- bond; bu t ,  a oarresponding 

raerrond s e t  of positionfa for  the  r e s t  of the  molecule was 

not indlioated. This f e a t u r e  oocld be in te rpre ted  as 

follows. When two molecular models aormsponding t o  the  





two ro ta t iona l  oonformers are overlapped, the  eu~onwtia 

carbon atoms oan be made t o  supeqose more or l e s s  

exaotly, whereas the displacement between the  two s e t s  

of posi t ions fo r  the nitrogen a tom i n  the  -H=X- boM is 

aubetsult id ( " 1 I ) .  When the diaplaaement between t he  

two s e t s  of carbon a tom is l e s s  than t he  respective 

standard deviations of t h e  p w i t i o n a l  ooordinartee and 

a lso  l e s s  than the r .m.s .  amplitude of vibrat ion of t h a t  

atom, the &if ference Pourier mp does mt d i s  t i m t l y  

resolve the two s e t s  of posi t ions and the  peaks oorre- 

aponding t o  the two posit ions merge t o  give a d i f f w e  

e lec t ron  density dis t r ibut ion.  'Pharsfore, though 

comidering two s e t s  of poai t iom fo r  a l l  t he  atoms i n  

the molecule amounts to  a physically more meaningful 

model, the aa tua l  d i  splaoament s between the a l t e rna te  

position@ fo r  the  carbon a t o m  i n  suoh a model oould be 

r a the r  exaggerated. An indicat ion t o  t h i s  e f f e c t  was 

found during t he  refinement of t h e  arystail s t r uc tu r e  of 

MPAA. The 50 a tom se t ,  *hioh includes a l t e rna te  

posit ions f o r  t h s  as0 nitrogen atoms alone, refined t o  a 

lower R-value Wan the 62 atoms s e t .  As described e a r l i e r ,  

the 62 atotns raeti corresponds t o  two s e t s  o f  pos i t iom 

far the aarbon stoma i n  the two phenyl rings aleo (sect ion 

2 Similarly,  the separation between t he  two ee t s  of 

posi t ions f o r  the  aromatio oarbon atoms i n  the orysterl 

s t ruc tu re  of p-asotoluem could a lso  be exaggerated. ... 



P a r t i a l  positional. disorder about the areoxy 

bond has been found t o  ooour i n  the crystal  s t ruoture  

of t h e  high temperature polymorph of the  smeotoglen 

ethyl  p-arsoxybeneoate &.so [?)I, Bore, the t w o  ro t a t i om1  

conformers coexist  with probabil i t ies  0.7 a d  0.3. 

Hoelhatra e t  a1 [6] have r q o r t e i l  the exietence of 

positional disorder about the -C=C- bond i n  the orylstal 

rartruoture of 4--stilbene . 

Signifiocmoe t e s t  f o r  the  reduction i n  R-fact02 

Bamilt ont a signifioano e t e s t  [?,a] was emgaoyed 

t o  assess the reduotion i n  the  R-value obtained a f t e r  

ino2uding the  disorder i n  the  least- s quiaree refinement 

of the  orys ta l  s tmcturea.  

The R-factor r a t i o  K = ~ d % ,  where Rq l a  the 

R-fsrotor correlspondinlg: t o  the s e t  not incluaim& the 

disoriler and Ro i e  the  8-facP;ox f o r  the s e t  including the  

dietorder, was calmlatad  fo r  eaeh of the oryetat  structures.  

The oalw2stted /PZ v d u e  was then compared w i t h  the si gni- 

ficanoe pointrtr f o r  a ,  via. ,  R b P n  -n,a i n  +ihe tables  

found i n  [a]. A s  defined by Kamilton 171, b i s  equal t o  

the number of degrees of freedom of the  hypothesie, (n-m) 

is equd  L O  the degrees of freedom f o r  the refinement and 

a i~ Che si$nific,mce level.  Tn other worda, b is +&e 



inareass i n  the number of parameters refined on including 

the disorder i n  the refinement, (n-m) is the  difference 

between the number of ref lec t ions  and the number of para- 

meters refined and ( I - a )  is  the probability of the hypothesis 

t h a t  I$, i s  signif icant ly lower than BQ being t rue .  Table 

6.3 gives the various parameters involved i n  these signi-  

ficance t e s t s  f o r  the  four c rys ta l  s t ructures  of in te res t .  

Aa o m  be seen from a aomnarison of the last two 

columnb? of Table 6.3, the reduction i n  the R-f actor due t o  

the inclusion of disorder i n  the least-squares refinement 

i s  s igni f icant  with a probability much greater  than 0.995 

i n  the e rys ta l  s t ructures  of MBPAA md - p-azotoluene. I n  

the aase of PAA and trans-aeobenzene, the number of para- 

meters f o r  the s e t  without disorder is greater  than t h a t  

fo r  t he  s e t  with 8isorder. This i s  due t o  the  f a c t  t h a t  

the nitrogen atom i n  the disordered region have been 

treated with anieotropic thermal parameters i n  the former 

oase and isot ropica l ly  i n  the l a t t e r .  Thus, m y  reduction 

i n  the R-fact or due t o  the  inclusion of  disorder is very 

s ignif icant  i n  these two orystal  s t ructures  and t he  signi- 

ficanoe t e s t  i s  quite mperfluous. Thus, the least-  

equares calculations eupport the exis tenoe of p a r t i a l  

posit ional dislorder i n  dl these orystal  s t ructures .  



Fable 6.3: Besulte  of t h e  significance test f o r  t h e  r educ t ion  i a  R-factor 

Eio.of 
R- Se t s  Rb9n-m,a 

Compound Details of  t h e  18o.of para- compa- b n-m 
s e t  r e f i n e d  re f leo-  meters  f a c t o r  red 

R ?or 
MOIB r e f i n e d  a50.005 

WBPAA ( i )  48 a t o m  lset(disorder  1071 192 0.146 ( i ) a n d  8 871 1.207 1.014 
no t  included) (ii) 

( i i )  50 atoms s e t ( 6 i s o r d e r  1671 200 G.121 ( i )  and % 823 1.159 1.058 
f o r  t h e  azonitrogen ( i i i )  
atoms included) 

( i i i )  62 a t o m  s e t ( d i s o r d e r  1071 248 0.126 
fo r  t h e  aeonitrogen 
a t o m  ant3 t h e  carbon 
atoms ia t h e  phenyl 
rings connected by  
t h e  aeo-bond included) 

p-azotoluene ( i v )  s e t  without - d i so rde r  

(v) set with d i sorder  833 120 0.102 

( v i )  s e t  without 2505 213 0.091 
d i so rde r  

( v i i )  set wi th  2505 169 0.075 
d i so rde r  

trans- --- ( v i i i )  set without 1646 166 0.069 
asobenzerte d i so rde r  

(ix) s e t  w i t h  1646 165 0.063 
d i so rde r  
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