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Su p p o r t i n g  In f o r ma t i o n 

F i r s t  Syn t h e si s of  Te t r a p y r r o l ylp o r p h y r i n 

Hi r o yu ki F u r u t a a, b,  c *,  Hi r o m it su  M a e d a b,  Ta ka h ir o  F u r u t a c , 

a n d  At su h ir o  O s u k a b*

aPR ES T ,  JS T 
bDe p a r t m e n t  of  Ch e m ist r y ,  G r a d u a t e  Sch o o l  o f  Sci e n c e , 

Ky o t o  Un i ve r si t y ,  Kyo t o  60 6 - 8 5 0 2 ,  Ja p a n 
c De p a r t m e n t  of  Ch e m ist r y ,  F a c u l t y of  En g i n e e r i n g , 

O i t a  Un iv e r sit y,  O it a  8 7 0 - 1 1 9 2 ,  Ja p a n 

Sy n t h e t ic  p r o c e d u r e s of  t e t r a p yr r o l ylp o r p h yr i n s       4 p a g e s
1H- NM R an d  UV sp e ct r a  of  t e t r a p yr r o l ylp o r p h yr i n s   7  p a g e s 

X- r a y In f o r m a t io n  fo r  t e t r a p yr r o l yl p o r p h yr in  (1 - iPr )      2 6  p a g e s
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Sy n t h e t i c  Pro c e d u r e s  of  T e t r a p y rr o l y l p o r p h y ri n s  ( T P y r Ps ) . 

A)  2 , 4 - d i f o r m y lp yr r o l e  de r iv e d  TP yr Ps (2 - H,  3 - H + 4 - H,  5 - H) 

A mi xt u r e  o f  p yr r o le  (1 3 4  mg ,  2 m m o l)  an d  2, 4 - d if o r m yl p yr r o le #1  ( 2 4 6  mg ,  2 

m m o l )  wa s  d iss o l ve d  in  ace t i c aci d  (1 0 0  ml )  a n d  st ir r e d  f o r  40  m in  at  1 1 0  °C . 

Af t e r  re m o v in g  t h e  so lv e n t ,  th e  r e s u lt in g  re s id u e  wa s su b je ct e d  to  si li ca  ge l

( W a k o g e l C- 3 0 0 )  co lu m n  ch r o m a t o g r a p h y wi t h  3%  M e O H - C H2Cl 2.  Th e  fo u r 

r e d  co lo r  b a n d s e l u t e d  we r e  se p a r a t e d  se q u e n t i a ll y.   Rf- v a l u e s we r e  r e c o r d e d 

o n  M e r ck- T y p e  60  T L C pl a t e  wit h  1 0 %  Me O H - C HCl 3. 

F o rm y l - T P y r P ( 2 - H:  α β ββ ) :  Rf = 0 . 6 2 ;  1HN M R  ( DM S O - d 6,  50 0  MHz ,  50  °C ) :  δ 
( p p m )  13 . 0 2  (s ,  1H ,  p yr r o l e - NH ) ,  12 . 8 5  ( s,  3H ,  pyr r o le - NH ) ,  10 . 1 1  (s,  1 H,  β- 

CH O ) ,  9. 8 9  (s,  3 H,  α - C HO ) ,  9. 1 5  (s ,  6H ,  βH) ,  9. 0 2  (s ,  2 H,  βH) ,  8. 2 1  (s ,  1 H, 

p y r r o l e - α H) ,  8. 0 8  (d ,  J = 7 . 0  Hz ,  3H,  p yr r o l e - α H) ,  7. 9 1  (d ,  J = 6 . 0  Hz ,  3H, 

p y r r o l e - βH) ,  7. 3 9  (s ,  1 H,  p yr r o l e - βH) ,  -2 . 6 8  ( s,  2H ,  in n e r - NH ) ;  UV/ v is  (D M F ) : 

λma x [ n m ]  4 2 1 ,  5 2 0 ,  5 5 9 ,  6 5 4 ;  M AL DI - T O F - M S:  m / z  = 68 3 . 4  ( M + +1 ) . 

F o rm y l - T P y r Ps  (3 - H :  α β α β  a n d  4 - H :  α α ββ ) :  T w o  is o m e r s  ar e  ha r d l y

se p a r a t e d :  Rf = 0 . 5 8 ;  1HN M R  ( DM F - d 7,  50 0  MHz ,  20  °C ) :  δ  ( p p m )  12 . 8 3  ( b r , 

2 H ,  py r r o le - NH ) ,  1 2 . 8 1  (s,  2 H,  py r r o le - N H) ,  9 . 9 9  ( s,  2 H,  β- C HO ) ,  9. 7 6  (s ,  2H , 

α - C HO ) ,  9. 0 4  (b r ,  4 H,  βH) ,  8. 9 1  (b r ,  4H ,  βH) ,  8. 1 5  (s ,  2 H,  p yr r o l e - α H) ,  8 . 0 4  ( s, 

2 H ,  py r r o le - α H) ,  7 . 8 1  ( s,  2H ,  py r r o le - βH) ,  7 . 3 0  ( s,  2H ,  py r r o le - βH) ,  - 2 . 8 3  or  - 

2 . 8 5  ( s,  2H ,  in n e r - NH ) . 

F o rm y l - T P y r P ( 5 - H:  α α α β ) :  Rf = 0 . 5 5 ;  1HN M R  ( DM S O - d 6,  50 0  MHz ,  27  °C ) :  δ 
( p p m )  13 . 1 4  (s ,  3H ,  p yr r o l e - NH ) ,  13 . 0 0  ( s,  1H ,  pyr r o le - NH ) ,  10 . 1 0  (s,  3 H,  β- 

CH O ) ,  9. 8 9  (s,  1 H,  α - C HO ) ,  9. 2 0  (b r ,  2 H,  βH) ,  9. 0 7  (m ,  6 H,  βH) ,  8. 3 4  (s ,  3 H, 

p y r r o l e - α H) ,  8 . 2 7  ( s,  1H ,  py r r o le - α H) ,  8 . 1 1  ( s,  1H ,  py r r o le - βH) ,  7 . 9 4  ( s,  3H , 

p y r r o l e - βH) ,  - 2 . 7 9  (b r ,  2H ,  in n e r - NH ) . 

B)  N- m e t h yl - 2 , 4 - d if o r m yl p yr r o le  de r i ve d  T Py r Ps  ( 2 - M e ,  3 - M e  + 4 - M e ) . 

Pr o c e d u r e s ar e  sim ila r  as de sc r ib e d  ab o v e  in  A) .   Fo r  sil ic a  g e l  co lu m n 

ch r o m a t o g r a p h y ,  1%  Me O H - CH 2Cl 2 wa s  u se d . 

N- M e t h y l - F o rmy l - T P y rP  ( 2 - M e :  α β ββ ) :  Rf = 0 . 7 8 ;  1HN M R  ( CDC l3,  50 0  MHz , 
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2 7  ° C) :  δ  ( p p m )  10 . 1 3  ( s,  1 H,  β- C HO ) ,  9. 9 3  (d ,  J = 3 . 5  Hz ,  α - C HO ) ,  9. 1 3  (m , 

6 H ,  βH) ,  8. 8 4  (s ,  2 H,  βH) , 7 . 8 0  (m ,  p yr r o l e - α H) ,  7. 6 9  (d ,  J = 5 . 5  Hz ,  3H, 

p y r r o l e - βH) ,  7. 5 0  (s ,  1 H,  p yr r o l e - βH) ,  4. 3 7  (s ,  9 H,  CH3) ,  3 . 4 2  ( s,  3H ,  CH 3) ,  - 

2 . 6 7  ( s,  2H ,  in n e r - NH ) ;  UV / v is  (D M F ) :  λma x [ n m ]  4 2 1 ,  5 2 0 ,  5 5 9 ,  6 5 4 ;  F AB M S : 

m / z (%  in t e n si t y )  = 7 8 3 . 4  (1 0 0 ,  M + ) . 

N- M e t h y l - F o rmy l - T P y rP s  (3 - M e :  α β α β  a n d  4 - M e :  α α ββ ) :  T w o  is o m e r s  we r e 

h a r d ly  se p a r a t e d :  Rf = 0 . 7 1 ;  1HN M R  ( CDC l3,  50 0  MHz ,  27  °C ) :  δ  ( p p m )  10 . 1 5 

( m ,  2H ,  β- C HO ) ,  9. 9 6  (s ,  2H ,  α - C HO ) ,  9. 1 7  (m ,  4H ,  βH) ,  8. 8 9  (s ,  4 H,  βH) ,  7. 8 3 

( s ,  4H ,  p yr r o l e - α H) ,  7 . 7 1  ( s,  2H ,  py r r o le - βH) ,  7 . 5 0  ( m ,  2H ,  py r r o le - b H ) ,  4 . 3 9  ( s, 

6 H ,  CH 3) ,  3 . 4 3  ( m ,  6H ,  CH 3) ,  - 2 . 6 6  or  -2 . 7 1  (b r ,  2H,  in n e r - NH ) . 

C)  N- i so p r o p yl - 2 , 4 - d if o r m yl p yr r o le  de r i ve d  T Py r Ps  ( 1 - iPr ,  2 - iPr ,  3 -  iPr  + 4 -  iPr ) . 

[ M e t h o d - 1 ] :  Pr e p a r a t i o n  of  1 - iPr 

T o  a  so lu t i o n  of  2 , 4 - d i f o r m y l- 1 - i so p r o p y lp yr r o l e #2  ( 1 6 5  mg ,  1 . 0  mm o l )  a n d  an 
e q u i va le n t  pyr r o le  in  CHCl 3 ( 1 0 0  ml)  a n d  BF 3O E t 2 ( 1 2 . 6  µ l,  0 . 1 0  m m o l)  wa s

a d d e d  an d  st ir r e d  fo r  1  h at  r o o m  t e m p e r a t u r e .   DD Q  (1 7 0  mg ,  0 . 7 5  mm o l) 

wa s th e n  ad d e d  a n d  st ir r e d  f o r  1 h at  ro o m  te m p e r a t u r e .   Th e  vio le t  co l o r e d 

p r o d u c t  wa s  se p a r a t e d  b y sil ic a  g e l  co lu m n  ch r o m a t o g r a p h y  ( Wa k o g e l  C- 2 0 0 , 

1 %  M e O H/ C H2Cl 2) ,  f o l lo w e d  by  r e c r ys t a lli za t i o n  fr o m  Me O H / CH 2Cl 2 t o  gi ve  1 - 
iPr  a s a vio le t  so l id  in  2 0 % yi e l d . 

N- I s o p ro p y l - F o rm y l - T P y r P ( 1 -  iPr :  ββ ββ ) :  m . p .  > 30 0  °C;  1HN M R  ( CDC l3,  50 0 

M H z,  2 7  ° C) :  δ  ( p p m )  9. 9 4  (d ,  J = 2 . 0  Hz ,  4H,  CHO ) ,  9. 1 3  (s ,  8H,  β- H ) ,  8 . 0 0  ( s, 

4 H ,  py r r o ly l- α H) ,  7. 8 6  (d ,  J = 2 . 0  Hz ,  4H,  p yr r o l yl - βH) ,  5. 8 4  (se p t ,  J = 6 . 5  Hz , 

4 H ,  CH ) ,  1. 8 0  (d ,  J = 6 . 5  Hz ,  24 H ,  CH 3) ,  - 2 . 6 0  (s ,  2 H,  in n e r  NH) ;  13 CN M R 
( C DC l3,  12 5 . 6 5  MH z,  -5 0  ° C) :  δ  ( p p m )  18 0 . 5 0  (C HO ) ,  15 5 . 0 7 ,  1 3 8 . 1 3 ,  1 3 3 . 8 9 

( βC) ,  13 1 . 4 1  (p y r r o l e - α C) ,  13 1 . 2 4  (p y r r o l e - βC) ,  13 0 . 4 8 ,  12 7 . 6 6  (βC) ,  12 5 . 8 2 , 

1 1 2 . 7 6 ,  4 9 . 6 8  (C H) ,  2 3 . 8 7  (C H3) ;  I R ( K Br ) :  16 6 2 . 8 2  cm - 1  ( ν( C =O ) ) ;  UV/ vis 

( CH Cl 3) :  λma x [ n m ]  ( ε  x 1 0 - 4 )  42 8 . 5  ( 5 7 ) ,  52 6 . 0  ( 1 . 4 ) ,  5 6 8 . 5  (2 . 0 ) ,  66 2 . 0  ( 0 . 8 7 ) ; 

F A BM S:  m/ z (% in t e n si t y )  = 8 5 0 . 6  (8 6 ,  M+ ) ,  8 5 1 . 7  (1 0 0 ,  M + +1 ) ;  HRM S ( F AB) : 

ca lc d  fo r  C52 H51 N8O 4 [ M + +H ] :  8 5 1 . 4 0 3 3 ;  f o u n d  85 1 . 4 1 3 9 ;  El e m e n t a l  An a l ys is: 

Ca lc d .  fo r  C52 H50 N8O 4H2O :  C,  71 . 8 7 ;  H,  6. 0 3 ;  N,  1 2 . 8 9 .  F o u n d :  C,  72 . 2 6 ;  H, 
6 . 0 0 ;  N,  12 . 5 0 .   Pr o t o n a t e d  1- iPr :  UV / v is  ( 1 % TF A- C H2Cl 2) :  λma x [ n m ]  4 5 4 . 0 , 

7 0 9 . 0 . 
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[ M e t h o d - 2 ] :  Pr e p a r a t i o n  of  2 - iPr ,  3 - iPr  + 4 - iPr . 

T o  a  so lu t i o n  of  2 , 4 - d i f o r m y l- 1 - i so p r o p y lp yr r o l e  ( 1 6 5  mg ,  1 . 0  mm o l )  a n d  Sn Cl 2
( 3 7 9  m g ,  1. 0  m m o l)  in  a ce t ic  a cid  ( 1 0  ml ) ,  py r r o le  ( 6 7  mg ,  1 m m o l)  wa s ad d e d 

a n d  st ir r e d  fo r  1 h a t  ro o m  te m p e r a t u r e .   DDQ  ( 3 4 0 . 5  m g ,  1. 5  m m o l)  wa s th e n 

a d d e d  to  th e  so l u t io n  a n d  st ir r e d  f o r  30  m in .   Af t e r  t h e  so lve n t  wa s re m o v e d , 

t h e  th r e e  p r o d u c t s  we r e  se p a r a t e d  b y f la sh  si li ca  ge l co l u m n  ch r o m a t o g r a p h y

( M e r ck  Ty p e  60 ;  1%  M e O H - C H2Cl 2) .  Re c r ys t a lli za t i o n  of  th e  se co n d  fr a ct io n 

f r o m  M e O H / C H2Cl 2 g a v e  2 - iPr  a s a vio le t  so l id .   A m ix t u r e  of  3 - iPr  a n d  4 - iPr 

( 1 : 1 )  wa s  o b t a in e d  fr o m  th e  th ir d  f r a c t i o n . 

N- I s o p ro p y l - F o rm y l - T P y r P ( 2 - iPr :  α β ββ ) :  1HN M R  ( CDC l3,  50 0  MHz ,  27  ° C) :  δ 
( p p m )  10 . 1 7  (s ,  1H ,  β- C HO ) ,  9. 9 4  (d ,  J = 1 . 0  Hz ,  1H,  α - C HO ) ,  9. 9 3  (d ,  J = 1 . 0 

Hz ,  2H ,  α - C HO ) ,  9. 1 3  (m ,  6H ,  β- H ) ,  8 . 8 8  ( d ,  J = 4 . 5  Hz ,  2H,  β- H ) ,  8 . 0 0  ( s,  1H , 

p y r r o l yl- α H) ,  7 . 9 8  ( s,  2H ,  py r r o ly l- α H) ,  7 . 9 7  ( d ,  J = 2 . 0  Hz ,  1H,  p yr r o l yl - α H) , 

7 . 8 6  ( d ,  J = 2 . 0  Hz ,  1H,  p yr r o l yl - βH) ,  7 . 8 4  ( d ,  J = 2 . 0  Hz ,  2H,  p yr r o l yl - βH) ,  7 . 4 9 

( d ,  J = 2 . 0  Hz ,  1H,  p yr r o l yl - βH) ,  5 . 8 2  ( se p t ,  J = 6 . 5  Hz ,  3H,  CH) , 3 . 9 9  ( se p t ,  J =

6 . 5  Hz ,  1 H,  CH ) ,  1 . 8 0  ( d ,  J = 6 . 5  Hz ,  6H,  CH3) ,  1 . 7 9  ( d ,  J = 6. 5  Hz,  1 2 H,  CH3) , 
1 . 2 7  ( d ,  J = 6 . 5  Hz ,  6H,  CH3) ,  - 2 . 5 9  (s ,  2 H,  in n e r - NH) ;  UV / vi s (CH Cl 3) :  λma x [ n m ] 

4 2 8 . 5 ,  52 5 . 0 ,  56 5 . 5 ,  65 8 . 0 . 

N- I s o p ro p y l - F o rm y l - T P y r P ( 3 - iPr :  α β α β  a n d  4 - iPr :  α α ββ ) :  T wo  is o m e r s  we r e 

h a r d ly  se p a r a t e d :  1HN M R  ( CDC l3,  50 0  MHz ,  27  °C ) :  δ  ( p p m )  10 . 1 7  or  1 0 . 1 6  (s , 

2 H ,  β- C HO ) ,  9. 9 3  or  9 . 9 2  ( d ,  J = 2 . 0  Hz ,  2H,  α - C HO ) ,  9. 1 4  (m ,  4H ,  βH) ,  8. 8 9 

( m ,  4H ,  βH) ,  7. 9 7  (m ,  4 H,  p yr r o l e - α H) ,  7 . 8 4  o r  7. 8 2  (d ,  J = 2 . 0  Hz ,  2H,  p yr r o l e - 

βH) ,  7 . 5 0  o r  7. 4 7  (d ,  J = 2 . 0  Hz ,  2H,  p yr r o l e - βH) ,  5 . 8 1  ( m ,  2H ,  CH ) ,  3. 9 5  (m , 

2 H ,  CH ) ,  1. 7 7  ( m ,  12 H,  CH 3) ,  1 . 2 5  ( m ,  12 H,  CH3) ,  - 2 . 6 2  or  -2 . 6 8  (b r ,  2H,  in n e r - 

NH ) . 

D)  De r i va t iv e s  fr o m  f o r m yl - T P yr P. 

N- I s o p ro p y l - T P y r P Di p y r ro m e t h a n e  De ri v a t i v e  ( 8 ) :  To  t h e  so lu t io n  of  1 - iPr 
( 1 7  mg ,  0 . 0 2  m m o l)  in  p yr r o l e  (2  ml ) ,  TF A (6 . 2  µ l,  0 . 0 8  m m o l)  wa s ad d e d  an d 

st ir r e d  f o r  30  min  at  r o o m  t e m p er a t u r e .   A f t e r  tr a ce  a m o u n t  of  E t 3N wa s ad d e d , 

p y r r o l e  wa s  re m o ve d  b y dis t i ll a t i o n .   T h e  bl u e - g r e e n  co l o r e d  pr o d u ct  wa s

se p a r a t e d  b y sil ic a  g e l  co lu m n  ch r o m a t o g r a p h y  ( Wa k o g e l  C- 2 0 0 ) ;  1HN M R  ( 2 %
Et 3N/ CD Cl 3,  50 0  MHz ,  27  _) :  δ  ( p p m )  9. 1 4  (b r ,  8 H,  di p yr r o m e t h a n e - p y r r o l e - 
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NH ) ,  8 . 5 3  ( s,  8H ,  βH) ,  7. 5 4  (s ,  4 H,  m e so - p yr r o l e - α H) ,  6 . 9 0  ( s,  4H ,  me so - 

p y r r o l e - βH) ,  6 . 7 8  ( d ,  J = 2 . 0  Hz ,  8H,  d ip yr r o m e t h a n e - p yr r o le - α H) ,  6 . 2 4  ( s,  8H , 

d i p y r r o m e t h a n e - p yr r o l e - βH) ,  6 . 2 4  ( d ,  J = 2 . 0  Hz ,  dip yr r o m e t h a n e - p y r r o le - βH) , 

5 . 8 9  ( s,  4H ,  d ip yr r o m e t h a n e - m e so - H) ,  4 . 6 4  (se p t ,  J = 6 . 5  Hz ,  4H,  iso p r o p y l- 

CH ) ,  1 . 5 3  ( d ,  J = 6 . 5  Hz ,  24 H ,  is o p r o p yl- CH 3) ,  - 2 . 4 2  (b r ,  2H ,  in n e r - NH ) ;  UV/ v is 
( C H2Cl 2) :  λma x [ n m ]  4 3 8 . 5 ,  53 9 . 5 ,  58 8 . 0 ,  68 0 . 0 ) ;  M AL D I - T O F - M S:  m/ z = 13 1 5 . 8 

( M + +1 ) .   Pr o t o n a t e d  ty p e  of  8:  UV / v is  ( C H2Cl 2) :  λma x [ n m ]  4 5 4 . 5 ,  76 7 . 5 . 

Ni  Co m p l e x  of  N- I s o p r o p y l - F o rm y l - T P y rP  ( 7 ) :  To  a  so lu t io n  o f  1 - iPr  ( 3 1 5 

m g ,  0. 3 7  mm o l)  in  to l u e n e ,  n ic ke l  a ce t yl a c e t o n a t e  (1 9 0  mg ,  0. 7 4  mm o l)  wa s

a d d e d  an d  st ir r e d  fo r  0 . 7 5  h  a t  a  r e f l u x  t e m p e r a t u r e .   Th e  so l ve n t  wa s fil t r a t e d 

wi t h  b a si c a l u m in a  co l u m n  t o  re m o v e  e xc e s s n ic ke l  sa l t  a n d  ev a p o r a t e d . 

Re cr ys t a l li za t io n  fr o m  Me O H/ CH 2Cl 2 g a v e  7  a s a re d  so li d  in  94 % yie ld : 
1HN M R  ( CDC l3,  50 0  MHz ,  27  _) :  δ  ( p p m )  9. 8 6  (d ,  J = 1 . 0  Hz ,  4H,  CHO ) ,  8. 9 9 

( s ,  8H ,  β- H ) ,  7 . 7 3  ( s,  4H ,  pyr r o lyl - α H) ,  7. 6 9  (d ,  J = 2 . 0  Hz ,  4H,  p yr r o l yl - βH) , 

6 . 9 6  ( d d ,  4 H,  py r r o ly l- H) ,  4 . 5 3  ( se p t ,  J = 6 . 5  Hz ,  4H,  CH) ,  1 . 6 9  ( d ,  J = 6 . 5  Hz , 
2 4 H,  CH3) ;  UV/ vis  ( CH2Cl 2) :  λma x [ n m ]  4 2 9 . 0 ,  53 8 . 0 ;  FA BM S:  m/ z (% in t e n si t y )  =

9 0 6 . 4  (9 3 ,  M+ ) ,  9 0 7 . 4  (1 0 0 ,  M + +1 ) . 

Ni  Co m p l e x  of  N- I s o p r o p y l - T P y r P ( 9 ) :  T o  a  so lu t i o n  of  7  ( 2 3 5  mg ,  0 . 2 6 
m m o l )  in  py r r o le  ( 2  m l) ,  T F A  ( 1 9 . 9  µ l,  0 . 2 6  m m o l)  wa s ad d e d  an d  st ir r e d  fo r  3

h  at  r o o m  t e m p e r a t u r e .   Af t e r  tr a ce  of  Et 3N wa s ad d e d ,  p yr r o le  wa s r e m o v e d 

b y  d is t il la t io n .   Th e  p u r p le  co lo r e d  p r o d u ct  wa s se p a r a t e d  by fl a s h  sil ica  g e l 

co lu m n  ch r o m a t o g r a p h y  ( M e r ck  T yp e  6 0 )  an d  eva p o r a t e d .   Re cr yst a l li za t io n 

f r o m  M e O H / C H2Cl 2 g a v e  9  a s a pu r p l e  so l id  in  4 6 % yi e l d :  1HN M R  ( CDC l3,  50 0 
M H z,  2 7  _) :  δ  ( p p m )  9. 0 8  (d ,  J = 3 . 0  Hz ,  8H,  β- H ) ,  7 . 3 1  ( d d ,  4 H,  py r r o ly l- α H) , 

7 . 1 2  ( d d ,  4 H,  py r r o ly l- α H) ,  6. 9 6  (d d ,  4H ,  pyr r o lyl - βH) ,  4. 5 3  (se p t ,  J = 6 . 5  Hz , 

4 H ,  CH ) ,  1. 6 9  (d ,  J = 6 . 5  Hz ,  24 H ,  CH 3) ;  UV/ vis  ( C H2Cl 2) :  λma x [ n m ]  4 3 3 . 5 , 

5 4 4 . 0 ,  58 8 . 5 ;  FA BM S:  m/ z ( % in t e n si t y)  = 7 9 4 . 4  (1 0 0 , M + ) . 

# 1  An d e r s o n ,  H.  J. ;  L o a d e r ,  C.  E. :  Fo s t e r ,  A.  Ca n .  J.  Ch e m . ,  19 8 0 ,  5 8 ,  25 2 7 . 

# 2  El m i n g ,  N. ;  Cl a u so n - K a a s,  N.  Ac t a .  Ch e m .  Sc a n d . ,  19 5 2 ,  6 ,  86 7 . 
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Su p p o r t i n g  X- r a y  I n f o rm a t i o n  f o r py rro l y l p o rp h y ri n  ( 1 - iPr ) 

X- r a y Exp e r im e n t a l . 

Cr ys t a llo g r a p h ic  Da t a  f o r  py r r o ly lp o r p h y r i n  ( 1 - iPr ) . 

Table 1. Atomic Coordinates and Biso/Beq for pyrrolylporphyrin (1-iPr).

T a b l e  2.  An is o t r o p ic  di sp la ce m e n t  p a r a m e t e r s  fo r  p y r r o l ylp o r p h y r i n  (1 - iPr ) . 

T a b l e  3.  Bo n d  le n g t h s  ( Å)  fo r  p y r r o l ylp o r p h y r i n  (1 - iPr ) . 

T a b l e  4.  Bo n d  An g l e s  (° )  fo r  p y r r o l ylp o r p h y r i n  (1 - iPr ) . 

T a b l e  5.  T o r t io n  An g le s ( ° )  fo r  p y r r o l ylp o r p h y r i n  (1 - iPr ) . 

T a b l e  6.  No n - b o n d e d  Co n t a ct s o u t  to  3 . 6 0  Å f o r  p y r r o l ylp o r p h y r i n  (1 - iPr ) . 

T a b l e  7.  Le a st  Sq u a r e s Pla n e s. 

Su p p o r t in g  Fig u r e  9.   V ie w  o f  C5 2 H5 0 N8 O 4 ,  p y r r o l ylp o r p h y r i n  (1 - iPr ) ,  sh o w in g  t h e 

a t o m  la b e li n g  sc h e m e .   Th e r m a l  el li p so id s ar e  sca l e d  t o  t h e  50 % pr o b a b i lit y le ve l . 

Hy d r o g e n  at o m s  sh o wn  ar e  d r a wn  to  a n  a r b it r a r y sca le . 

Su p p o r t in g  Fig u r e  10 .  Sid e  vie w o f  p y r r o l ylp o r p h y r i n  (1 - iPr ) . 

Su p p o r t in g  Fig u r e  11 .  Un it  ce l l p a c kin g  di a g r a m  fo r  p y r r o l ylp o r p h y r i n  (1 - iPr ) . 
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Ex p e r i me n ta l

D a ta  C o ll e c tio n 

A c o lo r le s s  p r is ma tic  c r y s ta l o f C 5 2 H 5 0 N 8 O 4  h a v in g  a p p r o x im a t e  d im e n s io n s  o f  0 .8 0  x 

0 . 3 0  x  0 . 1 0  mm  w a s  mo u n te d  o n  a  g la s s  fi b e r . Al l m e a s u r e m e n ts  w e r e  ma d e  o n  a  R ig a k u 

AF C 7 S d if fr a c t o m e t e r  w i th  g r a p h it e  mo n o c h r o ma te d  M o - Kα  r a d ia tio n . 

C e ll  c o n s ta n ts  a n d  a n  o r ie n t a t io n  m a tr ix  f o r  d a ta  c o ll e c t io n , o b ta in e d  fr o m a  le a s t - 

s q u a r e s  r e f in e me n t  u s in g  t h e  s e tt in g  a n g le s  o f 2 0  c a r e fu l ly  c e n t e r e d  r e fle c t io n s  in  th e  r a n g e 

6 . 9 1  <  2 θ <  1 2 . 2 5 o  c o r r e s p o n d e d  to  a  p r im iti v e  m o n o c l in i c  c e ll w i th  d i me n s i o n s :

           a  =     7 . 3 0 8 ( 6 )  Å

           b  =    2 3 . 2 7 9 ( 5 )  Å        β  =   9 8 .1 2 ( 5 ) o 

           c  =    1 4 . 4 4 7 ( 6 )  Å

           V =     2 4 3 3 ( 2 )  Å 3 

Fo r  Z =  2  a n d  F. W .  =  8 5 1 . 0 2 ,  t h e  c a lc u la te d  d e n s i ty  is  1 .1 6  g /c m 3 . Th e  s y s te ma t ic  a b s e n c e s 

o f :

           h 0 l:   l ±  2 n 

           0 k 0 :  k  ±  2 n 

u n iq u e ly  d e te r mi n e  th e  s p a c e  g r o u p  to  b e :

P2 1 /c  ( # 1 4 ) 

Th e  d a ta  w e r e  c o ll e c t e d  a t  a  t e mp e r a tu r e  o f 2 3  +  1 o C  u s in g  t h e  ω- 2 θ s c a n  te c h n iq u e  to 

a  ma x i mu m  2 θ v a l u e  o f  5 5 .0 o . O m e g a  s c a n s  o f  s e v e r a l i n t e n s e  r e fle c t io n s ,  m a d e  p r i o r  to  d a ta 

c o ll e c tio n ,  h a d  a n  a v e r a g e  w id th  a t  h a lf - h e ig h t  o f  0 .3 9 o  w it h  a  t a k e - o ff  a n g l e  o f 6 . 0 o . Sc a n s  o f

( 1 .4 2  +  0 .3 0  t a n  θ) o  w e r e  ma d e  a t a  s p e e d  o f 8 .0 o /m in  ( in  ω) .  T h e  w e a k  r e fl e c tio n s  ( I  < 

1 0 .0 σ ( I ) )  w e r e  r e s c a n n e d  ( ma x im u m  o f 5  s c a n s )  a n d  th e  c o u n t s  w e r e  a c c u m u la te d  t o  e n s u r e 
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g o o d  c o u n ti n g  s t a t is t ic s . St a t io n a r y  b a c k g r o u n d  c o u n ts  w e r e  r e c o r d e d  o n  e a c h  s id e  o f t h e 

r e fl e c tio n .  Th e  r a tio  o f p e a k  c o u n t in g  t im e  t o  b a c k g r o u n d  c o u n ti n g  ti me  w a s  2 : 1 .  Th e 

d i a m e t e r  o f  th e  in c id e n t b e a m c o l li ma t o r  w a s  1 . 0  m m a n d  t h e  c r y s ta l t o  d e t e c to r  d is ta n c e  w a s 

2 3 5  mm . T h e  c o mp u t e r - c o n tr o l le d  s li ts  w e r e  s e t to  9 . 0  mm  ( h o r iz o n ta l )  a n d  1 3 . 0  m m

( v e r ti c a l ) . 

D a ta  R e d u c t io n 

O f  t h e  5 0 6 5  r e fl e c tio n s  w h ic h  w e r e  c o l le c t e d ,  4 6 3 1  w e r e  u n i q u e  ( R in t =  0 .0 9 7 ) ;

e q u i v a le n t r e f le c t io n s  w e r e  me r g e d .  Th e  in te n s i tie s  o f  th r e e  r e p r e s e n ta tiv e  r e fle c t io n s  w e r e 

me a s u r e d  a f te r  e v e r y  1 5 0  r e f le c ti o n s . N o  d e c a y  c o r r e c t io n  w a s  a p p l ie d .

Th e  li n e a r  a b s o r p t io n  c o e f fi c i e n t , µ , fo r  Mo - Kα  r a d ia tio n  is  0 . 8  c m- 1 . Az im u t h a l  s c a n s  o f 

s e v e r a l r e f le c ti o n s  i n d ic a te d  n o  n e e d  fo r  a n  a b s o r p t io n  c o r r e c ti o n . T h e  d a ta  w e r e  c o r r e c te d  f o r 

L o r e n t z  a n d  p o la r i z a t io n  e ff e c ts . 

St r u c t u r e  S o lu ti o n  a n d  R e f in e m e n t 

Th e  s t r u c tu r e  w a s  s o l v e d  b y  d i r e c t me t h o d s 1  a n d  e x p a n d e d  u s in g  F o u r ie r  te c h n iq u e s 2 .

Th e  n o n - h y d r o g e n  a to m s  w e r e  r e fin e d  a n is o t r o p ic a ll y .  H y d r o g e n  a t o m s  w e r e  i n c lu d e d  b u t n o t

r e fi n e d . Th e  f in a l  c y c l e  o f fu ll- ma tr i x  le a s t - s q u a r e s  r e f in e me n t 3  o n  F w a s  b a s e d  o n  1 1 4 8 

o b s e r v e d  r e fle c t io n s  ( I  >  2 . 0 0 σ ( I ) )  a n d  2 8 9  v a r ia b le  p a r a me te r s  a n d  c o n v e r g e d  ( la r g e s t

p a r a me te r  s h if t w a s  0 .0 0  t im e s  it s  e s d )  w ith  u n w e ig h te d  a n d  w e i g h t e d  a g r e e m e n t  f a c t o r s  o f: 

R  =  Σ | | Fo |  -  | Fc | |  /  Σ | Fo |  =  0 .0 7 6 

R w  =  [ Σ w  ( | Fo |  -  | Fc | ) 2  /  Σ w  Fo 2 ]1 / 2  =  0 .0 6 3 

Th e  s t a n d a r d  d e v ia ti o n  o f  a n  o b s e r v a t io n  o f u n i t w e i g h t4  w a s  2 .0 3 . Th e  w e i g h t in g 

s c h e me  w a s  b a s e d  o n  c o u n ti n g  s ta t is tic s  a n d  i n c lu d e d  a  fa c t o r  ( p  =  0 . 0 0 4 )  to  d o w n w e ig h t th e 

in te n s e  r e f le c ti o n s .  Plo t s  o f  Σ w  ( | Fo |  -  | Fc | ) 2  v e r s u s  | Fo | ,  r e fl e c tio n  o r d e r  i n  d a t a  c o l le c ti o n ,

s i n  θ/λ  a n d  v a r i o u s  c la s s e s  o f  in d i c e s  s h o w e d  n o  u n u s u a l tr e n d s .   Th e  m a x imu m a n d 

mi n i mu m p e a k s  o n  t h e  fi n a l  d if fe r e n c e  Fo u r ie r  m a p  c o r r e s p o n d e d  t o  0 .3 4  a n d  - 0 . 3 1  e - /Å 3 ,

r e s p e c tiv e l y .

N e u t r a l a to m s c a tt e r i n g  fa c t o r s  w e r e  t a k e n  fr o m  C r o m e r  a n d  W a b e r 5 . An o m a lo u s 

d i s p e r s io n  e ff e c ts  w e r e  in c l u d e d  in  Fc a l c 6 ; th e  v a l u e s  f o r  ∆f'  a n d  ∆f"  w e r e  t h o s e  o f  C r e a g h 

a n d  Mc Au le y 7 . Th e  v a l u e s  f o r  t h e  ma s s  a t te n u a ti o n  c o e f fic ie n ts  a r e  th o s e  o f C r e a g h  a n d 
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H u b b e l l8 . Al l c a l c u la t io n s  w e r e  p e r f o r me d  u s in g  th e  t e X s a n 9  c r y s t a ll o g r a p h i c  s o f tw a r e 

p a c k a g e  o f Mo l e c u l a r  St r u c tu r e  C o r p o r a ti o n .

R e fe r e n c e s 

 ( 1 )  SI R 9 2 : Al to ma r e ,  A ., C a s c a r a n o , M.,  G i a c o v a z z o ,  C . , G u a g li a r d i,  A.  ( 1 9 9 3 ) . J . Ap p l .

C r y s t.,  2 6 ,  3 4 3 . 

 ( 2 )  D I R D IF 9 4 : Be u r s k e n s , P. T. , Ad mi r a a l,  G ., Be u r s k e n s , G .,  Bo s m a n , W . P. , d e  G e ld e r , R ., 

Is r a e l , R . a n d  Sm it s ,  J . M. M.( 1 9 9 4 ) . Th e  D IR D I F- 9 4  p r o g r a m  s y s t e m,  T e c h n i c a l R e p o r t o f th e 

C r y s ta llo g r a p h y  L a b o r a t o r y , U n iv e r s ity  o f N i jm e g e n ,  Th e  N e th e r l a n d s . 

 ( 3 )  L e a s t Sq u a r e s  fu n c tio n  mi n im iz e d : 

Σw ( | Fo | - | F c | ) 2  w h e r e 

   w  =  1 /[ σ 2 ( Fo ) ]  =  [σ 2 c ( Fo )  +  p 2 Fo 2 /4 ]- 1 

   σ c ( Fo )  =  e . s . d .  b a s e d  o n  c o u n t in g  s ta ti s ti c s 

   p   =  p - fa c to r 

 ( 4 )  S ta n d a r d  d e v i a ti o n  o f  a n  o b s e r v a t io n  o f u n it w e ig h t: 

   [ Σw ( | Fo | - | F c | ) 2 /( N o - N v ) ] 1 / 2 

  w h e r e :  N o   =  n u mb e r  o f o b s e r v a ti o n s 

    N v   =  n u mb e r  o f v a r i a b l e s 

 ( 5 )  C r o m e r , D . T. & W a b e r ,  J .  T .; " I n t e r n a t io n a l  T a b l e s  fo r  X- r a y  C r y s ta ll o g r a p h y " , Vo l. IV ,

Th e  Ky n o c h  Pr e s s , Bi r m in g h a m, En g l a n d , Ta b le  2 .2  A ( 1 9 7 4 ) . 

 ( 6 )  Ib e r s ,  J .  A . &  H a m ilt o n , W . C . ; A c t a  C r y s t a ll o g r .,  1 7 ,  7 8 1  ( 1 9 6 4 ) . 

 ( 7 )  C r e a g h , D . C . & Mc Au le y , W . J  .;  " I n t e r n a t io n a l  T a b l e s  f o r  C r y s t a l lo g r a p h y " ,  Vo l C ,  ( A .J .C . 

W i ls o n , e d . ) , Kl u w e r  Ac a d e mi c  Pu b li s h e r s , Bo s to n ,  Ta b l e  4 .2 .6 .8 ,  p a g e s  2 1 9 - 2 2 2  ( 1 9 9 2 ) .

 ( 8 )  C r e a g h , D . C . & H u b b e ll , J .H .. ; " I n te r n a ti o n a l  Ta b l e s  fo r  C r y s t a ll o g r a p h y " ,  Vo l C ,  ( A .J .C . 

W i ls o n , e d . ) , Kl u w e r  Ac a d e mi c  Pu b li s h e r s , Bo s to n ,  Ta b l e  4 .2 .4 .3 ,  p a g e s  2 0 0 - 2 0 6  ( 1 9 9 2 ) .

 ( 9 )  te Xs a n  fo r  W in d o w s : C r y s ta l  S tr u c t u r e  A n a ly s is  P a c k a g e , Mo le c u l a r  St r u c t u r e  C o r p o r a t io n 

( 1 9 9 7 ) .
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EX PE R I MEN TA L  D ET AI L S

A.  C r y s ta l D a t a 

Em p i r i c a l  F o r m u l a C 5 2 H 5 0 N 8 O 4 

Fo r m u l a  W e i g h t 8 5 1 . 0 2 

C r y s ta l C o l o r ,  H a b it v i o l e t , p r i s ma ti c 

C r y s ta l D im e n s io n s 0 . 8 0  X  0 . 3 0  X 0 . 1 0  mm 

C r y s ta l S y s te m mo n o c l in i c 

L a tt ic e  T y p e Pr im it iv e 

N o . o f  R e f le c ti o n s  U s e d  f o r  U n it 

C e ll  D e te r m in a ti o n  ( 2 θ r a n g e ) 2 0  (  6 . 9  -  1 2 . 3 o  ) 

O m e g a  Sc a n  Pe a k  W i d th 

  a t  H a l f- h e i g h t 0 . 3 9 o 

L a tt ic e  P a r a me te r s a  =     7 . 3 0 8 ( 6 )  Å 

b  =   2 3 .2 7 9 ( 5 )  Å 

c  =   1 4 .4 4 7 ( 6 )  Å 

β  =   9 8 . 1 2 ( 5 )  o 

V =  2 4 3 3 ( 2 )  Å3 

Sp a c e  G r o u p P2 1 /c  ( # 1 4 ) 

Z v a lu e 2 

D c a lc 1 . 1 6 1  g /c m3 

F0 0 0 9 0 0 . 0 0 

µ ( Mo Kα ) 0 . 7 5  c m- 1 

B.  I n t e n s it y  M e a s u r e m e n ts 

D i ff r a c to me te r R i g a k u  AF C 7 S

R a d i a t io n Mo Kα  ( λ  =  0 .7 1 0 6 9  Å) 

g r a p h i te  mo n o c h r o m a te d 

At te n u a to r Zr  f o i l ( fa c to r  =  8 .6 3 ) 
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Ta k e - o ff An g le 6 . 0 o 

D e te c t o r  Ap e r t u r e 9 . 0  mm  h o r i z o n ta l

1 3 .0  m m v e r tic a l 

C r y s ta l t o  D e t e c to r  D is ta n c e 2 3 5  mm 

Vo lt a g e , C u r r e n t 5 0  k V,  3 0  mA 

Te mp e r a tu r e 2 3 .0 o C 

Sc a n  T y p e ω- 2 θ

Sc a n  R a te 8 . 0 o /m in  ( in  ω)  ( u p  to  5  s c a n s ) 

Sc a n  W id t h ( 1 .4 2  +  0 .3 0  t a n  θ) o 

2 θma x 5 5 .0 o 

N o . o f  R e f le c ti o n s  M e a s u r e d To ta l:  5 0 6 5 

U n iq u e : 4 6 3 1  ( R in t =  0 .0 9 7 ) 

C o r r e c tio n s L o r e n tz - p o la r i z a t io n 

C .  S tr u c t u r e  S o l u t io n  a n d  R e fi n e m e n t

St r u c t u r e  S o lu ti o n D i r e c t  Me th o d s  ( SI R 9 2 ) 

R e fi n e me n t Fu ll - m a tr ix  le a s t- s q u a r e s  o n  F 

Fu n c ti o n  Mi n im iz e d Σ w  ( | Fo |  -  | Fc | ) 2 

L e a s t Sq u a r e s  W e ig h ts w  =  1 /[ σ 2 ( Fo ) ]  =  [σ 2 c ( Fo )  +  p 2 Fo 2 /4 ]- 1 

p - fa c t o r 0 . 0 0 4 1 

An o m a l o u s  D is p e r s i o n Al l n o n - h y d r o g e n  a to m s 

N o . O b s e r v a tio n s  ( I> 2 .0 0 σ ( I ) ) 1 1 4 8 

N o . Va r ia b l e s 2 8 9 

R e fl e c tio n / Pa r a m e t e r  R a tio 3 . 9 7 

R e s i d u a ls : R ; R w 0 . 0 7 6  ; 0 .0 6 3 

G o o d n e s s  o f  Fi t In d ic a t o r 2 . 0 3 

Ma x  Sh ift /E r r o r  in  Fi n a l C y c le 0 . 0 0 

Ma x i mu m p e a k  i n  Fi n a l  D i ff . Ma p 0 . 3 4  e - /Å 3 

Mi n i mu m p e a k  i n  Fi n a l  D i ff . Ma p - 0 .3 1  e - /Å 3 
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Ta b l e  1 . At o mi c  c o o r d in a te s  a n d  B is o /B e q 

a t o m     x     y     z  B e q 

O ( 1 )    2 .1 5 9 2 ( 7 ) - 0 .0 7 4 6 ( 3 )  1 .3 7 5 4 ( 4 )  7 .2 ( 2 ) 

O ( 2 )    0 .7 0 8 ( 1 )  0 .2 1 9 1 ( 3 )  1 .5 0 7 0 ( 5 )  9 .7 ( 3 ) 

N ( 1 )    1 .2 3 0 4 ( 8 ) - 0 .0 5 5 1 ( 3 )  0 .9 9 4 3 ( 4 )  3 .2 ( 2 ) 

N ( 2 )    1 .1 2 9 8 ( 8 )  0 .0 3 4 8 ( 3 )  1 .1 1 8 2 ( 4 )  2 .9 ( 2 ) 

N ( 3 )    1 .7 4 5 1 ( 9 ) - 0 .0 6 3 5 ( 3 )  1 .3 4 5 2 ( 4 )  4 .3 ( 2 ) 

N ( 4 )    0 .7 5 4 ( 1 )  0 .2 2 1 5 ( 3 )  1 .3 0 0 0 ( 5 )  6 .4 ( 3 ) 

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

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

C ( 3 )    1 .5 0 4 ( 1 ) - 0 .0 9 8 4 ( 4 )  1 .0 3 1 2 ( 5 )  3 .9 ( 2 ) 

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

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

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

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

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

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

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

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

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

C ( 1 3 )   1 .5 8 5 ( 1 ) - 0 .0 3 6 6 ( 3 )  1 .2 0 8 8 ( 5 )  3 .2 ( 2 ) 

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

C ( 1 5 )   0 .7 7 4 ( 1 )  0 .1 7 7 0 ( 4 )  1 .3 6 4 0 ( 6 )  5 .0 ( 3 ) 

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

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

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

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

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

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

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

C ( 2 3 )   0 .8 8 1 ( 4 )  0 .3 1 3 0 ( 7 )  1 .3 4 4 ( 2 )  3 0 ( 1 ) 

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

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

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

H ( 2 )    1 .6 1 9 3 - 0 .1 1 0 0  1 .0 6 4 7  4 .6 9 9 

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

H ( 4 )    1 .2 0 3 8  0 .1 2 7 2  1 .2 8 5 2  4 .8 0 2 

H ( 5 )    1 .1 2 7 1 - 0 .0 3 0 8  0 .9 9 7 4  3 .8 8 7 

H ( 6 )    1 .8 1 9 2 - 0 .0 3 2 9  1 .1 4 2 8  4 .6 4 7 

H ( 7 )    1 .4 6 3 9 - 0 .0 5 2 9  1 .3 2 9 0  4 .8 2 4 

H ( 8 )    0 .8 6 1 1  0 .0 9 2 8  1 .3 4 5 6  5 .0 1 1 
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Ta b l e  1 . At o mi c  c o o r d in a te s  a n d  B is o /B e q  ( c o n t in u e d ) 

a t o m     x     y     z  B e q 

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

H ( 1 0 )   1 .9 1 7 1 - 0 .0 7 7 8  1 .4 6 3 9  7 .7 3 7 

H ( 1 1 )   1 .7 4 4 5 - 0 .1 5 7 2  1 .5 0 7 0  2 4 . 9 5 5 

H ( 1 2 )   1 .6 4 0 8 - 0 .1 5 3 8  1 .4 0 5 7  2 4 . 9 5 5 

H ( 1 3 )   1 .8 5 1 8 - 0 .1 6 5 7  1 .4 2 2 7  2 4 . 9 5 5 

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

H ( 1 5 )   1 .6 9 1 8 - 0 .0 1 2 9  1 .4 9 3 7  2 5 . 4 1 6 

H ( 1 6 )   1 .5 5 5 5 - 0 .0 6 4 1  1 .4 9 0 8  2 5 . 4 1 6 

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

H ( 1 8 )   0 .9 0 8 6  0 .3 1 3 2  1 .4 1 3 2  3 7 . 7 8 6 

H ( 1 9 )   0 .9 8 1 0  0 .2 8 9 3  1 .3 2 4 9  3 7 . 7 8 6 

H ( 2 0 )   0 .8 8 7 2  0 .3 4 9 2  1 .3 2 1 9  3 7 . 7 8 6 

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

H ( 2 2 )   0 .5 9 0 0  0 .3 3 1 9  1 .2 2 5 4  4 0 .6 0 9 

H ( 2 3 )   0 .5 0 1 9  0 .2 7 1 1  1 .2 2 0 7  4 0 . 6 0 9 

H ( 2 4 )   2 .1 2 6 9 - 0 .0 5 6 9  1 .2 4 9 4  6 .6 4 1 

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

Be q  =  8 /3  π 2 ( U 1 1 ( a a * ) 2  +  U 2 2 ( b b * ) 2  +  U 3 3 ( c c * ) 2  +  2 U 1 2 ( a a * b b * ) c o s  γ  +  2 U 1 3 ( a a * c c * ) c o s  β 

+  2 U 2 3 ( b b * c c * ) c o s  α ) 
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Ta b l e  2 . An is o tr o p ic  D i s p l a c e m e n t  P a r a me te r s 

a t o m    U 1 1    U 2 2    U 3 3    U 1 2    U 1 3    U 2 3 

O ( 1 )   0 . 0 4 6 ( 4 ) 0 . 1 3 5 ( 7 ) 0 . 0 8 6 ( 5 )  0 .0 0 9 ( 4 ) - 0 .0 0 8 ( 4 )  0 .0 4 8 ( 5 ) 

O ( 2 )   0 . 1 9 9 ( 8 ) 0 . 1 1 2 ( 7 ) 0 . 0 6 6 ( 5 )  0 .0 3 6 ( 6 )  0 .0 5 3 ( 5 ) - 0 .0 2 2 ( 5 ) 

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

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

N ( 3 )   0 . 0 4 4 ( 5 ) 0 . 0 7 2 ( 6 ) 0 . 0 4 4 ( 4 )  - 0 . 0 0 4 ( 4 )  - 0 . 0 0 2 ( 4 )  0 .0 1 6 ( 4 ) 

N ( 4 )   0 . 1 4 7 ( 8 ) 0 . 0 6 3 ( 7 ) 0 . 0 3 6 ( 5 )  0 .0 2 1 ( 6 )  0 .0 2 0 ( 5 )  0 .0 0 7 ( 5 ) 

C ( 1 )   0 . 0 7 1 ( 7 ) 0 . 0 4 8 ( 7 ) 0 . 0 2 8 ( 5 )  - 0 . 0 0 1 ( 5 )  0 .0 1 7 ( 5 ) - 0 .0 0 7 ( 4 ) 

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

C ( 3 )   0 . 0 4 3 ( 5 ) 0 . 0 5 0 ( 6 ) 0 . 0 5 0 ( 6 )  0 .0 0 8 ( 5 ) - 0 .0 1 6 ( 4 )  0 .0 0 2 ( 5 ) 

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

C ( 5 )   0 . 0 4 1 ( 5 ) 0 . 0 4 4 ( 6 ) 0 . 0 2 9 ( 4 ) - 0 .0 0 6 ( 5 )  0 .0 0 6 ( 4 )  0 .0 0 5 ( 4 ) 

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

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

C ( 8 )   0 . 0 6 5 ( 6 ) 0 . 0 5 3 ( 7 ) 0 . 0 3 3 ( 5 )  - 0 . 0 0 3 ( 5 ) - 0 .0 0 6 ( 4 )  - 0 . 0 0 4 ( 4 ) 

C ( 9 )   0 . 0 4 1 ( 5 ) 0 . 0 5 7 ( 6 ) 0 . 0 2 6 ( 5 )  0 .0 1 5 ( 5 )  - 0 . 0 0 1 ( 4 ) - 0 .0 0 7 ( 4 ) 

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

C ( 1 1 )  0 . 0 2 7 ( 5 ) 0 . 0 6 0 ( 7 ) 0 . 0 7 0 ( 7 ) - 0 .0 1 1 ( 5 )  0 .0 0 9 ( 5 )  0 .0 1 3 ( 5 ) 

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

C ( 1 3 )  0 . 0 2 6 ( 5 ) 0 . 0 5 5 ( 6 ) 0 . 0 3 9 ( 5 )  0 .0 0 4 ( 4 ) - 0 .0 0 4 ( 4 )  0 . 0 0 4 ( 4 ) 

C ( 1 4 )  0 . 0 2 8 ( 5 ) 0 . 0 8 3 ( 7 ) 0 . 0 4 0 ( 5 )  0 .0 0 2 ( 5 )  0 .0 0 2 ( 4 )  - 0 . 0 0 1 ( 5 ) 

C ( 1 5 )  0 . 0 8 6 ( 7 ) 0 . 0 6 8 ( 8 ) 0 . 0 3 5 ( 5 )  0 .0 1 8 ( 6 )  0 .0 0 4 ( 5 ) - 0 .0 1 5 ( 6 ) 

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

C ( 1 7 )  0 . 0 7 4 ( 6 ) 0 . 0 3 5 ( 6 ) 0 . 0 3 4 ( 5 )  0 .0 0 3 ( 5 ) - 0 .0 0 5 ( 4 )  0 .0 0 8 ( 5 ) 

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

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

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

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

C ( 2 2 )  0 . 2 6 ( 2 ) 0 . 0 6 ( 1 ) 0 . 1 9 ( 2 )  0 .0 6 ( 1 )  0 .0 8 ( 2 ) - 0 .0 6 ( 1 ) 

C ( 2 3 )  0 . 5 9 ( 5 ) 0 . 0 8 ( 1 ) 0 . 5 5 ( 4 ) - 0 .1 4 ( 2 )  0 .3 8 ( 4 ) - 0 .1 4 ( 2 ) 

C ( 2 4 )  0 . 7 6 ( 6 ) 0 . 3 3 ( 3 ) 0 . 2 9 ( 3 )  0 .4 7 ( 4 ) - 0 .3 1 ( 3 ) - 0 .1 7 ( 2 ) 

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

Th e  g e n e r a l  te mp e r a tu r e  fa c t o r  e x p r e s s io n : 

e x p ( - 2 π 2 ( a * 2 U 1 1 h 2  +  b * 2 U 2 2 k 2  +  c * 2 U 3 3 l2  +  2 a * b * U 1 2 h k  +  2 a * c * U 1 3 h l  +  2 b * c * U 2 3 k l ) ) 
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Ta b l e  3 . Bo n d  L e n g th s ( Å ) 

a t o m a t o m d i s t a n c e a t o m a t o m d i s t a n c e 

O ( 1 ) C ( 2 5 ) 1 . 2 2 ( 1 ) O ( 2 ) C ( 2 6 ) 1 . 2 1 ( 1 ) 

N ( 1 ) C ( 1 ) 1 . 3 7 ( 1 ) N ( 1 ) C ( 4 ) 1 . 3 7 ( 1 ) 

N ( 1 ) H ( 5 ) 0 . 9 5 N ( 2 ) C ( 6 ) 1 . 3 7 ( 1 ) 

N ( 2 ) C ( 9 ) 1 . 3 6 ( 1 ) N ( 3 ) C ( 1 1 ) 1 . 3 7 ( 1 ) 

N ( 3 ) C ( 1 4 ) 1 . 3 5 ( 1 ) N ( 3 ) C ( 1 9 ) 1 . 4 9 ( 1 ) 

N ( 4 ) C ( 1 5 ) 1 . 3 8 ( 1 ) N ( 4 ) C ( 1 8 ) 1 . 3 6 ( 1 ) 

N ( 4 ) C ( 2 2 ) 1 . 5 2 ( 2 ) C ( 1 ) C ( 2 ) 1 . 4 3 ( 1 ) 

C ( 1 ) C ( 1 0 ) 1 . 4 2 ( 1 ) C ( 2 ) C ( 3 ) 1 . 3 8 ( 1 ) 

C ( 2 ) H ( 1 ) 0 . 9 5 C ( 3 ) C ( 4 ) 1 . 4 0 ( 1 ) 

C ( 3 ) H ( 2 ) 0 . 9 5 C ( 4 ) C ( 5 ) 1 . 4 3 ( 1 ) 

C ( 5 ) C ( 6 ) 1 . 4 1 ( 1 ) C ( 5 ) C ( 1 3 ) 1 . 4 6 ( 1 ) 

C ( 6 ) C ( 7 ) 1 . 4 3 ( 1 ) C ( 7 ) C ( 8 ) 1 . 3 5 ( 1 ) 

C ( 7 ) H ( 3 ) 0 . 9 5 C ( 8 ) C ( 9 ) 1 . 4 5 ( 1 ) 

C ( 8 ) H ( 4 ) 0 . 9 5 C ( 9 ) C ( 1 0 ) 1 . 3 9 ( 1 ) 

C ( 1 0 ) C ( 1 7 ) 1 . 4 7 ( 1 ) C ( 1 1 ) C ( 1 2 ) 1 . 4 2 ( 1 ) 

C ( 1 1 ) C ( 2 5 ) 1 . 3 9 ( 1 ) C ( 1 2 ) C ( 1 3 ) 1 . 3 8 ( 1 ) 

C ( 1 2 ) H ( 6 ) 0 . 9 5 C ( 1 3 ) C ( 1 4 ) 1 . 3 9 ( 1 ) 

C ( 1 4 ) H ( 7 ) 0 . 9 5 C ( 1 5 ) C ( 1 6 ) 1 . 3 9 ( 1 ) 

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

C ( 1 6 ) H ( 8 ) 0 . 9 5 C ( 1 7 ) C ( 1 8 ) 1 . 3 8 ( 1 ) 
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Ta b l e  3 . Bo n d  L e n g th s ( Å )   ( c o n ti n u e d ) 

a t o m a t o m d i s t a n c e a t o m a t o m d i s t a n c e 

C ( 1 8 ) H ( 9 ) 0 . 9 5 C ( 1 9 ) C ( 2 0 ) 1 . 4 2 ( 2 ) 

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

C ( 2 0 ) H ( 1 1 ) 0 . 9 3 C ( 2 0 ) H ( 1 2 ) 0 . 9 5 

C ( 2 0 ) H ( 1 3 ) 0 . 9 9 C ( 2 1 ) H ( 1 4 ) 0 . 9 4 

C ( 2 1 ) H ( 1 5 ) 0 . 9 8 C ( 2 1 ) H ( 1 6 ) 0 . 9 4 

C ( 2 2 ) C ( 2 3 ) 1 . 5 4 ( 4 ) C ( 2 2 ) C ( 2 4 ) 1 .3 1 ( 3 ) 

C ( 2 2 ) H ( 1 7 ) 0 . 9 5 C ( 2 3 ) H ( 1 8 ) 0 . 9 9 

C ( 2 3 ) H ( 1 9 ) 0 . 9 8 C ( 2 3 ) H ( 2 0 ) 0 . 9 1 

C ( 2 4 ) H ( 2 1 ) 0 . 9 7 C ( 2 4 ) H ( 2 2 ) 1 . 1 2 

C ( 2 4 ) H ( 2 3 ) 0 . 9 2 C ( 2 5 ) H ( 2 4 ) 0 . 9 5 

C ( 2 6 ) H ( 2 5 ) 0 . 9 5 
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Ta b l e  4 . Bo n d  An g l e s ( o ) 

a t o m a t o m a t o m a n g l e a t o m a t o m a t o m a n g l e 

C ( 1 ) N ( 1 ) C ( 4 ) 1 1 0 . 3 ( 9 ) C ( 1 ) N ( 1 ) H ( 5 ) 1 2 4 . 8 

C ( 4 ) N ( 1 ) H ( 5 ) 1 2 4 . 9 C ( 6 ) N ( 2 ) C ( 9 ) 1 0 5 . 6 ( 8 ) 

C ( 1 1 ) N ( 3 ) C ( 1 4 ) 1 1 0 . 4 ( 9 ) C ( 1 1 ) N ( 3 ) C ( 1 9 ) 1 2 4 ( 1 ) 

C ( 1 4 ) N ( 3 ) C ( 1 9 ) 1 2 5 ( 1 ) C ( 1 5 ) N ( 4 ) C ( 1 8 ) 1 0 8 ( 1 ) 

C ( 1 5 ) N ( 4 ) C ( 2 2 ) 1 2 8 ( 1 ) C ( 1 8 ) N ( 4 ) C ( 2 2 ) 1 2 4 ( 1 ) 

N ( 1 ) C ( 1 ) C ( 2 ) 1 0 5 . 8 ( 9 ) N ( 1 ) C ( 1 ) C ( 1 0 ) 1 2 5 ( 1 ) 

C ( 2 ) C ( 1 ) C ( 1 0 ) 1 2 9 ( 1 ) C ( 1 ) C ( 2 ) C ( 3 ) 1 0 8 ( 1 ) 

C ( 1 ) C ( 2 ) H ( 1 ) 1 2 6 . 0 C ( 3 ) C ( 2 ) H ( 1 ) 1 2 5 . 9 

C ( 2 ) C ( 3 ) C ( 4 ) 1 0 7 . 7 ( 9 ) C ( 2 ) C ( 3 ) H ( 2 ) 1 2 6 . 1 

C ( 4 ) C ( 3 ) H ( 2 ) 1 2 6 . 2 N ( 1 ) C ( 4 ) C ( 3 ) 1 0 8 ( 1 ) 

N ( 1 ) C ( 4 ) C ( 5 ) 1 2 6 ( 1 ) C ( 3 ) C ( 4 ) C ( 5 ) 1 2 5 . 6 ( 9 ) 

C ( 4 ) C ( 5 ) C ( 6 ) 1 2 3 ( 1 ) C ( 4 ) C ( 5 ) C ( 1 3 ) 1 1 8 ( 1 ) 

C ( 6 ) C ( 5 ) C ( 1 3 ) 1 1 9 ( 1 ) N ( 2 ) C ( 6 ) C ( 5 ) 1 2 7 ( 1 ) 

N ( 2 ) C ( 6 ) C ( 7 ) 1 1 1 ( 1 ) C ( 5 ) C ( 6 ) C ( 7 ) 1 2 2 ( 1 ) 

C ( 6 ) C ( 7 ) C ( 8 ) 1 0 7 ( 1 ) C ( 6 ) C ( 7 ) H ( 3 ) 1 2 6 . 4 

C ( 8 ) C ( 7 ) H ( 3 ) 1 2 6 . 6 C ( 7 ) C ( 8 ) C ( 9 ) 1 0 6 ( 1 ) 

C ( 7 ) C ( 8 ) H ( 4 ) 1 2 6 . 7 C ( 9 ) C ( 8 ) H ( 4 ) 1 2 6 . 9 

N ( 2 ) C ( 9 ) C ( 8 ) 1 1 0 . 4 ( 9 ) N ( 2 ) C ( 9 ) C ( 1 0 ) 1 2 7 . 3 ( 9 ) 

C ( 8 ) C ( 9 ) C ( 1 0 ) 1 2 2 ( 1 ) C ( 1 ) C ( 1 0 ) C ( 9 ) 1 2 6 ( 1 ) 

C ( 1 ) C ( 1 0 ) C ( 1 7 ) 1 1 5 ( 1 ) C ( 9 ) C ( 1 0 ) C ( 1 7 ) 1 1 9 ( 1 ) 
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Ta b l e  4 . Bo n d  An g l e s ( o )   ( c o n ti n u e d ) 

a t o m a t o m a t o m a n g l e a t o m a t o m a t o m a n g l e 

N ( 3 ) C ( 1 1 ) C ( 1 2 ) 1 0 5 . 0 ( 9 ) N ( 3 ) C ( 1 1 ) C ( 2 5 ) 1 3 0 ( 1 ) 

C ( 1 2 ) C ( 1 1 ) C ( 2 5 ) 1 2 5 ( 1 ) C ( 1 1 ) C ( 1 2 ) C ( 1 3 ) 1 0 9 . 5 ( 9 ) 

C ( 1 1 ) C ( 1 2 ) H ( 6 ) 1 2 5 . 3 C ( 1 3 ) C ( 1 2 ) H ( 6 ) 1 2 5 . 2 

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

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

N ( 3 ) C ( 1 4 ) H ( 7 ) 1 2 5 . 4 C ( 1 3 ) C ( 1 4 ) H ( 7 ) 1 2 5 . 3 

N ( 4 ) C ( 1 5 ) C ( 1 6 ) 1 0 7 ( 1 ) N ( 4 ) C ( 1 5 ) C ( 2 6 ) 1 2 8 ( 1 ) 

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

C ( 1 5 ) C ( 1 6 ) H ( 8 ) 1 2 4 . 9 C ( 1 7 ) C ( 1 6 ) H ( 8 ) 1 2 5 . 1 

C ( 1 0 ) C ( 1 7 ) C ( 1 6 ) 1 2 7 ( 1 ) C ( 1 0 ) C ( 1 7 ) C ( 1 8 ) 1 2 9 ( 1 ) 

C ( 1 6 ) C ( 1 7 ) C ( 1 8 ) 1 0 5 ( 1 ) N ( 4 ) C ( 1 8 ) C ( 1 7 ) 1 1 1 ( 1 ) 

N ( 4 ) C ( 1 8 ) H ( 9 ) 1 2 4 . 6 C ( 1 7 ) C ( 1 8 ) H ( 9 ) 1 2 4 . 2 

N ( 3 ) C ( 1 9 ) C ( 2 0 ) 1 1 0 ( 1 ) N ( 3 ) C ( 1 9 ) C ( 2 1 ) 1 1 1 ( 1 ) 

N ( 3 ) C ( 1 9 ) H ( 1 0 ) 1 0 8 . 4 C ( 2 0 ) C ( 1 9 ) C ( 2 1 ) 1 0 9 ( 2 ) 

C ( 2 0 ) C ( 1 9 ) H ( 1 0 ) 1 0 9 . 9 C ( 2 1 ) C ( 1 9 ) H ( 1 0 ) 1 0 8 . 8 

C ( 1 9 ) C ( 2 0 ) H ( 1 1 ) 1 1 2 . 5 C ( 1 9 ) C ( 2 0 ) H ( 1 2 ) 1 1 1 . 0 

C ( 1 9 ) C ( 2 0 ) H ( 1 3 ) 1 0 8 . 7 H ( 1 1 ) C ( 2 0 ) H ( 1 2 ) 1 1 0 . 8 

H ( 1 1 ) C ( 2 0 ) H ( 1 3 ) 1 0 7 . 6 H ( 1 2 ) C ( 2 0 ) H ( 1 3 ) 1 0 5 . 9 

C ( 1 9 ) C ( 2 1 ) H ( 1 4 ) 1 1 0 . 4 C ( 1 9 ) C ( 2 1 ) H ( 1 5 ) 1 0 8 . 9 

C ( 1 9 ) C ( 2 1 ) H ( 1 6 ) 1 1 0 . 6 H ( 1 4 ) C ( 2 1 ) H ( 1 5 ) 1 0 7 . 8 
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Ta b l e  4 . Bo n d  An g l e s ( o )   ( c o n ti n u e d ) 

a t o m a t o m a t o m a n g l e a t o m a t o m a t o m a n g l e 

H ( 1 4 ) C ( 2 1 ) H ( 1 6 ) 1 1 0 . 9 H ( 1 5 ) C ( 2 1 ) H ( 1 6 ) 1 0 8 . 2 

N ( 4 ) C ( 2 2 ) C ( 2 3 ) 1 0 2 ( 2 ) N ( 4 ) C ( 2 2 ) C ( 2 4 ) 1 1 5 ( 2 ) 

N ( 4 ) C ( 2 2 ) H ( 1 7 ) 9 7 .9 C ( 2 3 ) C ( 2 2 ) C ( 2 4 ) 1 3 6 ( 3 ) 

C ( 2 3 ) C ( 2 2 ) H ( 1 7 ) 9 9 .0 C ( 2 4 ) C ( 2 2 ) H ( 1 7 ) 9 9 .2 

C ( 2 2 ) C ( 2 3 ) H ( 1 8 ) 1 0 8 . 9 C ( 2 2 ) C ( 2 3 ) H ( 1 9 ) 1 0 9 . 4 

C ( 2 2 ) C ( 2 3 ) H ( 2 0 ) 1 1 4 . 1 H ( 1 8 ) C ( 2 3 ) H ( 1 9 ) 1 0 3 . 8 

H ( 1 8 ) C ( 2 3 ) H ( 2 0 ) 1 0 9 . 8 H ( 1 9 ) C ( 2 3 ) H ( 2 0 ) 1 1 0 . 4 

C ( 2 2 ) C ( 2 4 ) H ( 2 1 ) 1 3 3 . 4 C ( 2 2 ) C ( 2 4 ) H ( 2 2 ) 9 5 .8 

C ( 2 2 ) C ( 2 4 ) H ( 2 3 ) 1 0 9 . 4 H ( 2 1 ) C ( 2 4 ) H ( 2 2 ) 1 0 4 . 2 

H ( 2 1 ) C ( 2 4 ) H ( 2 3 ) 1 0 8 . 6 H ( 2 2 ) C ( 2 4 ) H ( 2 3 ) 9 8 .6 

O ( 1 ) C ( 2 5 ) C ( 1 1 ) 1 2 7 ( 1 ) O ( 1 ) C ( 2 5 ) H ( 2 4 ) 1 1 6 . 6 

C ( 1 1 ) C ( 2 5 ) H ( 2 4 ) 1 1 6 . 1 O ( 2 ) C ( 2 6 ) C ( 1 5 ) 1 2 8 ( 1 ) 

O ( 2 ) C ( 2 6 ) H ( 2 5 ) 1 1 5 . 8 C ( 1 5 ) C ( 2 6 ) H ( 2 5 ) 1 1 6 . 2 
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 T a b le  5 .  T o r s io n  An g l e s ( o ) 

a t o m a t o m a t o m a t o m a n g l e a t o m a t o m a t o m a t o m a n g l e 

O ( 1 ) C ( 2 5 ) C ( 1 1 ) N ( 3 )    - 4 ( 3 ) O ( 1 ) C ( 2 5 ) C ( 1 1 ) C ( 1 2 )  1 7 9 ( 1 ) 

O ( 2 ) C ( 2 6 ) C ( 1 5 ) N ( 4 )     2 ( 3 ) O ( 2 ) C ( 2 6 ) C ( 1 5 ) C ( 1 6 )  1 7 7 ( 2 ) 

N ( 1 ) C ( 1 ) C ( 2 ) C ( 3 )     3 ( 1 ) N ( 1 ) C ( 1 ) C ( 1 0 ) C ( 9 )    - 1 ( 2 ) 

N ( 1 ) C ( 1 ) C ( 1 0 ) C ( 1 7 )  1 7 4 ( 1 ) N ( 1 ) C ( 4 ) C ( 3 ) C ( 2 )     3 ( 1 ) 

N ( 1 ) C ( 4 ) C ( 5 ) C ( 6 )    - 5 ( 2 ) N ( 1 ) C ( 4 ) C ( 5 ) C ( 1 3 )  1 7 2 ( 1 ) 

N ( 2 ) C ( 6 ) C ( 5 ) C ( 4 )    1 1 ( 2 ) N ( 2 ) C ( 6 ) C ( 5 ) C ( 1 3 ) - 1 6 6 ( 1 ) 

N ( 2 ) C ( 6 ) C ( 7 ) C ( 8 )     1 ( 1 ) N ( 2 ) C ( 9 ) C ( 8 ) C ( 7 )    - 2 ( 1 ) 

N ( 2 ) C ( 9 ) C ( 1 0 ) C ( 1 )    - 8 ( 2 ) N ( 2 ) C ( 9 ) C ( 1 0 ) C ( 1 7 )  1 6 7 ( 1 ) 

N ( 3 ) C ( 1 1 ) C ( 1 2 ) C ( 1 3 )     3 ( 1 ) N ( 3 ) C ( 1 4 ) C ( 1 3 ) C ( 5 )  1 7 9 ( 1 ) 

N ( 3 ) C ( 1 4 ) C ( 1 3 ) C ( 1 2 )    - 0 ( 1 ) N ( 4 ) C ( 1 5 ) C ( 1 6 ) C ( 1 7 )    - 3 ( 2 ) 

N ( 4 ) C ( 1 8 ) C ( 1 7 ) C ( 1 0 ) - 1 8 0 ( 1 ) N ( 4 ) C ( 1 8 ) C ( 1 7 ) C ( 1 6 )    - 1 ( 2 ) 

C ( 1 ) N ( 1 ) C ( 4 ) C ( 3 )    - 1 ( 1 ) C ( 1 ) N ( 1 ) C ( 4 ) C ( 5 )  1 7 8 ( 1 ) 

C ( 1 ) C ( 2 ) C ( 3 ) C ( 4 )    - 4 ( 1 ) C ( 1 ) C ( 1 0 ) C ( 9 ) C ( 8 ) - 1 7 3 ( 1 ) 

C ( 2 ) C ( 1 ) N ( 1 ) C ( 4 )    - 1 ( 1 ) C ( 2 ) C ( 1 ) C ( 1 0 ) C ( 9 )  1 7 7 ( 1 ) 

C ( 2 ) C ( 1 ) C ( 1 0 ) C ( 1 7 )    - 8 ( 2 ) C ( 2 ) C ( 3 ) C ( 4 ) C ( 5 ) - 1 7 6 ( 1 ) 

C ( 3 ) C ( 2 ) C ( 1 ) C ( 1 0 ) - 1 7 5 ( 1 ) C ( 3 ) C ( 4 ) C ( 5 ) C ( 6 )  1 7 4 ( 1 ) 

C ( 3 ) C ( 4 ) C ( 5 ) C ( 1 3 )    - 9 ( 2 ) C ( 4 ) N ( 1 ) C ( 1 ) C ( 1 0 )  1 7 7 ( 1 ) 

C ( 4 ) C ( 5 ) C ( 6 ) C ( 7 ) - 1 7 2 ( 1 ) C ( 4 ) C ( 5 ) C ( 1 3 ) C ( 1 2 )   5 8 ( 2 ) 

C ( 4 ) C ( 5 ) C ( 1 3 ) C ( 1 4 ) - 1 2 0 ( 1 ) C ( 5 ) C ( 6 ) N ( 2 ) C ( 9 )  1 7 5 ( 1 ) 

C ( 5 ) C ( 6 ) C ( 7 ) C ( 8 ) - 1 7 6 ( 1 ) C ( 5 ) C ( 1 3 ) C ( 1 2 ) C ( 1 1 )  1 8 0 ( 1 ) 
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Ta b l e  6 . N o n - b o n d e d  C o n ta c ts  o u t to  3 . 6 0  Å 

a t o m a t o m d i s t a n c e AD C a t o m a t o m d i s t a n c e AD C 

O ( 1 ) H ( 2 5 ) 2 . 4 5 1 8 8 5 8 0 3 O ( 1 ) H ( 7 ) 2 .4 6 6 9 6 5 5 0 1 

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

O ( 1 ) H ( 2 2 ) 3 . 3 1 2 1 8 4 7 0 2 O ( 1 ) H ( 2 0 ) 3 . 3 3 3 5 8 4 7 0 2 

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

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

O ( 2 ) H ( 9 ) 2 . 6 1 8 7 4 O ( 2 ) H ( 1 2 ) 3 . 3 6 4 3 7 5 8 0 3 

O ( 2 ) H ( 1 3 ) 3 . 4 6 2 4 8 5 8 0 3 O ( 2 ) C ( 1 8 ) 3 . 5 5 ( 2 ) 4 

O ( 2 ) H ( 2 2 ) 3 . 5 8 8 3 4 O ( 2 ) H ( 1 1 ) 3 . 5 8 8 8 7 5 8 0 3 

N ( 1 ) H ( 6 ) 2 . 8 3 6 4 8 5 7 0 3 N ( 1 ) H ( 1 8 ) 3 . 5 4 8 6 7 4 7 0 2 

N ( 1 ) C ( 1 2 ) 3 . 5 6 ( 1 ) 8 5 7 0 3 N ( 2 ) H ( 6 ) 2 . 8 2 7 0 4 5 5 0 1 

N ( 2 ) H ( 2 4 ) 2 . 8 5 6 8 4 5 5 0 1 N ( 2 ) C ( 1 2 ) 3 . 4 9 ( 1 ) 4 5 5 0 1 

N ( 2 ) C ( 2 5 ) 3 . 5 7 ( 1 ) 4 5 5 0 1 N ( 3 ) H ( 2 2 ) 3 . 5 0 2 0 7 4 7 0 2 

N ( 3 ) H ( 2 1 ) 3 . 5 4 5 2 7 4 7 0 2 C ( 1 ) H ( 6 ) 3 . 1 0 7 2 8 5 7 0 3 

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

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

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

C ( 4 ) H ( 2 4 ) 3 . 5 4 4 0 4 5 5 0 1 C ( 4 ) H ( 2 0 ) 3 . 5 5 5 1 7 4 7 0 2 

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

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

C ( 7 ) H ( 1 4 ) 2 . 9 5 4 2 8 5 8 0 3 C ( 7 ) H ( 2 4 ) 3 . 2 4 2 5 4 5 5 0 1 
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Ta b l e  6 . N o n - b o n d e d  C o n ta c ts  o u t to  3 . 6 0  Å  ( c o n tin u e d ) 

a t o m a t o m d i s t a n c e AD C a t o m a t o m d i s t a n c e AD C 

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

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

C ( 9 ) H ( 2 4 ) 3 . 3 8 1 3 4 5 5 0 1 C ( 9 ) C ( 1 2 ) 3 . 5 9 ( 2 ) 4 5 5 0 1 

C ( 1 0 ) H ( 6 ) 3 . 2 4 1 6 4 5 5 0 1 C ( 1 0 ) C ( 1 2 ) 3 . 5 7 ( 2 ) 4 5 5 0 1 

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

C ( 1 2 ) H ( 5 ) 3 . 4 5 5 0 8 5 7 0 3 C ( 1 3 ) H ( 2 1 ) 3 . 4 8 2 4 7 4 7 0 2 

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

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

C ( 1 4 ) H ( 2 1 ) 3 . 3 7 8 4 7 4 7 0 2 C ( 1 5 ) H ( 3 ) 3 . 5 7 8 3 4 5 5 0 1 

C ( 1 6 ) H ( 3 ) 3 . 0 5 5 0 4 5 5 0 1 C ( 1 7 ) H ( 3 ) 3 . 4 7 3 2 4 5 5 0 1 

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

C ( 2 0 ) H ( 2 3 ) 3 . 4 4 3 1 7 4 7 0 2 C ( 2 0 ) H ( 2 5 ) 3 . 4 4 3 0 8 5 8 0 3 

C ( 2 0 ) H ( 2 1 ) 3 . 5 4 8 3 7 4 7 0 2 C ( 2 1 ) H ( 1 5 ) 3 . 1 4 2 4 8 5 8 0 3 

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

C ( 2 1 ) H ( 4 ) 3 . 4 8 4 4 8 5 8 0 3 C ( 2 3 ) H ( 2 4 ) 3 . 3 1 4 7 8 5 7 0 2 

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

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

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

C ( 2 6 ) H ( 1 3 ) 3 . 1 4 2 0 8 5 8 0 3 C ( 2 6 ) H ( 1 0 ) 3 . 4 2 8 8 8 5 8 0 3 

H ( 1 ) H ( 3 ) 3 . 4 1 8 2 8 5 7 0 3 H ( 2 ) H ( 2 1 ) 2 . 8 4 7 0 7 4 7 0 2 
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Ta b l e  6 . N o n - b o n d e d  C o n ta c ts  o u t to  3 . 6 0  Å  ( c o n tin u e d ) 

a t o m a t o m d i s t a n c e AD C a t o m a t o m d i s t a n c e AD C 

H ( 2 ) H ( 1 7 ) 3 . 4 8 8 2 7 4 7 0 2 H ( 3 ) H ( 1 4 ) 2 . 8 1 7 9 8 5 8 0 3 

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

H ( 4 ) H ( 1 4 ) 2 . 6 1 1 2 8 5 8 0 3 H ( 4 ) H ( 1 1 ) 3 . 0 5 4 4 8 5 8 0 3 

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

H ( 6 ) H ( 2 0 ) 3 . 4 7 7 3 8 4 7 0 2 H ( 7 ) H ( 2 4 ) 2 . 5 6 8 4 4 5 5 0 1 

H ( 7 ) H ( 2 2 ) 2 . 8 0 8 0 7 4 7 0 2 H ( 7 ) H ( 1 5 ) 3 . 3 2 0 1 8 5 8 0 3 

H ( 7 ) H ( 1 4 ) 3 . 4 4 3 5 8 5 8 0 3 H ( 8 ) H ( 1 0 ) 3 . 0 1 1 2 8 5 8 0 3 

H ( 8 ) H ( 1 4 ) 3 . 1 7 9 5 8 5 8 0 3 H ( 8 ) H ( 1 5 ) 3 . 5 9 3 8 4 5 5 0 1 

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

H ( 1 1 ) H ( 2 5 ) 3 . 5 2 8 5 8 5 8 0 3 H ( 1 2 ) H ( 2 2 ) 2 . 3 7 4 8 7 4 7 0 2 

H ( 1 2 ) H ( 2 3 ) 2 . 6 3 3 5 7 4 7 0 2 H ( 1 2 ) H ( 2 1 ) 2 . 8 3 7 6 7 4 7 0 2 

H ( 1 2 ) H ( 2 5 ) 3 . 5 4 1 8 7 5 8 0 3 H ( 1 3 ) H ( 2 5 ) 2 . 8 5 6 2 8 5 8 0 3 

H ( 1 3 ) H ( 2 1 ) 3 . 4 0 5 4 7 4 7 0 2 H ( 1 3 ) H ( 2 3 ) 3 . 4 0 8 0 7 4 7 0 2 

H ( 1 4 ) H ( 1 5 ) 3 . 5 1 8 2 8 5 8 0 3 H ( 1 5 ) H ( 1 6 ) 2 . 5 7 8 4 8 5 8 0 3 

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

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

H ( 2 0 ) H ( 2 4 ) 2 . 4 1 2 4 8 5 7 0 2 H ( 2 2 ) H ( 2 4 ) 3 . 3 0 2 3 8 5 7 0 2 
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Th e  AD C  ( a t o m d e s i g n a to r  c o d e )  s p e c ifi e s  t h e  p o s it io n  o f a n  a t o m  i n  a  c r y s ta l.  Th e  5 - d ig it 

n u mb e r  s h o w n  i n  th e  t a b le  is  a  c o mp o s i te  o f t h r e e  o n e - d ig it  n u mb e r s  a n d  o n e  tw o - d ig it

n u mb e r : T A ( fi r s t d ig it )  +  T B ( s e c o n d  d i g i t)  +  TC  ( t h i r d  d i g it )  +  SN  ( l a s t  t w o  d i g i ts ) . TA , T B a n d 

TC  a r e  th e  c r y s t a l  la tt ic e  t r a n s l a t io n  d ig its  a lo n g  c e ll e d g e s  a , b  a n d  c .  A  t r a n s l a ti o n  d ig i t o f 5 

in d i c a te s  t h e  o r ig in  u n it c e ll . I f TA =  4 ,  th is  in d i c a te s  a  tr a n s l a ti o n  o f  o n e  u n it  c e ll  l e n g th  a l o n g 

th e  a - a x i s  in  th e  n e g a t iv e  d ir e c t io n . Ea c h  tr a n s la ti o n  d i g i t c a n  r a n g e  in  v a lu e  f r o m 1  t o  9  a n d 

th u s  + 4  la tt ic e  t r a n s l a t io n s  fr o m th e  o r i g in  ( TA = 5 ,  T B= 5 , TC = 5 )  c a n  b e  r e p r e s e n t e d .

Th e  SN , o r  s y m me tr y  o p e r a t o r  n u mb e r , r e f e r s  t o  th e  n u m b e r  o f t h e  s y mm e t r y  o p e r a to r  u s e d 

to  g e n e r a te  th e  c o o r d in a te s  o f  th e  ta r g e t a to m.  A li s t  o f  s y mm e t r y  o p e r a to r s  r e le v a n t to  t h is 

s t r u c t u r e  i s  g iv e n  b e lo w .

Fo r  a  g iv e n  in te r m o le c u la r  c o n ta c t,  th e  fi r s t  a to m  ( o r ig i n  a to m)  i s  l o c a te d  in  th e  o r i g i n  u n i t c e l l

a n d  it s  p o s iti o n  c a n  b e  g e n e r a te d  u s in g  th e  i d e n ti ty  o p e r a t o r  ( S N = 1 ) .  T h u s , th e  A D C  fo r  a n 

o r ig in  a t o m  is  a lw a y s  5 5 5 0 1 .  T h e  p o s it io n  o f th e  s e c o n d  a to m ( ta r g e t a t o m)  c a n  b e  g e n e r a te d 

u s in g  th e  A D C  a n d  th e  c o o r d i n a te s  o f t h e  a to m  i n  t h e  p a r a me te r  t a b le .  F o r  e x a m p le , a n  AD C 

o f  4 7 5 0 2  r e fe r s  to  th e  ta r g e t a to m mo v e d  t h r o u g h  s y m me tr y  o p e r a t o r  tw o ,  th e n  t r a n s l a te d  - 1 

c e ll  t r a n s l a ti o n s  a lo n g  th e  a  a x i s ,  + 2  c e l l t r a n s l a t io n s  a l o n g  t h e  b  a x is ,  a n d  0  c e ll tr a n s la ti o n s 

a l o n g  th e  c  a x is .

An  A D C  o f  1  in d i c a te s  a n  i n t e r mo l e c u la r  c o n ta c t  b e tw e e n  t w o  fr a g me n ts  ( e g . c a tio n  a n d 

a n io n )  th a t  r e s i d e  in  t h e  s a me  a s y m me t r i c  u n i t. 

Sy mm e t r y  O p e r a to r s :

( 1 ) + X , + Y , + Z ( 2 ) - X , 1 / 2 + Y, 1 / 2 - Z

 ( 3 ) - X , - Y , - Z ( 4 ) + X , 1 / 2 - Y,       1 /2 + Z 
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Ta b l e  7 . L e a s t  S q u a r e s  Pla n e s 

Pl a n e  n u m b e r  1 

At o m s  d e f in in g  p la n e D i s t a n c e 

N ( 1 )  0 .0 0 4 ( 8 ) 

N ( 2 ) - 0 .0 3 4 ( 8 ) 

C ( 1 )  0 .0 8 ( 1 ) 

C ( 2 )  0 .0 9 ( 1 ) 

C ( 3 ) - 0 .0 5 ( 1 ) 

C ( 4 ) - 0 .0 6 ( 1 ) 

C ( 5 ) - 0 .1 2 ( 1 ) 

C ( 6 ) - 0 .0 0 ( 1 ) 

C ( 7 )  0 .1 1 ( 1 ) 

C ( 8 )  0 .1 2 ( 1 ) 

C ( 9 )  0 .0 1 ( 1 ) 

C ( 1 0 ) - 0 .0 7 ( 1 ) 

Pl a n e  n u m b e r  2 

At o m s  d e f in in g  p la n e D i s t a n c e 

N ( 3 ) - 0 .0 1 1 ( 9 ) 

C ( 1 1 )  0 .0 2 ( 1 ) 

C ( 1 2 ) - 0 .0 1 ( 1 ) 

C ( 1 3 )  0 .0 0 ( 1 ) 

C ( 1 4 )  0 .0 1 ( 1 ) 

Pl a n e  n u m b e r  3 

At o m s  d e f in in g  p la n e D i s t a n c e 

N ( 4 )  0 .0 1 ( 1 ) 

C ( 1 5 ) - 0 .0 1 ( 1 ) 

C ( 1 6 )  0 .0 1 ( 1 ) 
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C ( 1 7 ) - 0 .0 1 ( 1 ) 

C ( 1 8 )  0 .0 1 ( 1 ) 

Su mm a r y 

p l a n e me a n  d e v i a t io n χ  2 

   1     0 . 0 6 3 5         6 7 9 .2 

   2     0 . 0 1 0 0           4 .6 

   3     0 . 0 0 9 9           3 .4 

D i h e d r a l a n g le s  b e tw e e n  p l a n e s  ( o ) 

p l a n e  1           2          

 2     5 7 .5 9 

 3     6 1 .4 1     6 7 .4 0 
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Supporting Figure 10: Side view of 1-iPr
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Supporting Figure 11: Unit cell packing diagram of 1-iPr


