
6 7 2  C I 2 H 2 4 N 2 0 3 " C 4 H 1 0 0  

OIC--CIC--C2C--C4C - 179.6 (3) 
O 1D--C 1D---C2D--C4D 173.8 (3) 
O 1D--C 1D---C2D--C3D -61.2 (4) 

o 

Table 2. Hydrogen-bonding geometry (A, o) 

D--H-  • .A D - - H  
NIA--H1A- -O2B i 0.93 (3) 
NIA--H2A- -O3A ~ 0.95 (3) 
NIA--H3A..OIA 0.93 (3) 
N2A--H4A. " O 3 B  ii 0.89 (3) 
NIB--HIB. -O2A i 0.89 (3) 
N1B--H2B- - O 3 B  iii 0.93 (3) 
NIB- -H3B. .OIC  1.02 (3) 
N2B--H4B- .O3A 0.95 (3) 
O1C--H 1 C . . O l D  0.90 (4) 
O l D - - - H I D . . O 2 B  iii 0.88 (4) 

Symmetry codes: (i) 1 - x , y -  ½, 
y - ½ , ~ - z .  

H. • .A D. • .A D--H.  • .A 
1.98 (3) 2.861 (2) 158 (2) 
1.84 (3) 2.763 (2) 163 (2) 
2.00(3) 2.610(2) 122(2) 
2.00 (3) 2.886 (2) 176 (2) 
1.96 (3) 2.762 (2) 148 (2) 
1.88 (3) 2.749 (2) 154 (2) 
1.74 (3) 2.715 (3) 159 (2) 
1.94 (3) 2.862 (2) 165 (2) 
1.81 (4) 2.697 (3) 168 (4) 
1.83 (4) 2.707 (2) 174 (4) 

3 _ z; (ii) x -  l , y , z ;  (iii) 2 -  x, 

The data collection nominally covered over a hemisphere of 
reciprocal space by a combination of three sets of exposures, 
with the detector set at 20 = 29 °. Each set had a different 
q) angle for the crystal and each exposure covered 0.6 ° in ~o. 
The crystal-to-detector distance was 4.99 cm. Coverage of the 
unique set is over 99% complete to 50 ° in 20. Positional 
parameters were refined for H atoms bonded to O or N, while 
other H atoms were placed geometrically and refined with 
constraints to keep all C--H distances and all C---C--H angles 
on one C atom the same. Uiso values were set at 1.2Ueq of the 
carrier atom, or at 1.5Ueq for amino, methyl and hydroxyl 
groups. Free rotation about C--C bonds was also permitted 
for methyl groups. 

Data collection: SMART (Siemens, 1995). Cell refinement: 
SAINT (Siemens, 1995). Data reduction: SAINT. Program(s) 
used to solve structure: SHELXS86 (Sheldrick, 1990). Pro- 
gram(s) used to refine structure: SHELXTL (Sheldrick, 1994). 
Molecular graphics: SHELXTL. Software used to prepare ma- 
terial for publication: SHELXTL. 

The purchase of the Siemens SMART diffractometer 
was made possible through support from The Research 
Council of Norway (NFR). 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: FG 1518). Services for accessing these 
data are described at the back of the journal. 
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Abstract 
The crystal structure of 4,4'-bipyridyl,  C10H8N2, at 
203 K contains two independent, non-planar, molecules 
whose mean planes subtend an angle of 14.1 (8) ° . 
The long axes of the two molecules are oriented at 
approximately 88 ° to each other, allowing interaction 
between the N atoms and phenyl-H atoms on adjacent 
molecules and thereby giving rise to a sheet structure. 
The two molecules are primarily differentiated by the 
dihedral angle between the connected phenyl rings 
[18.50 (12) and 34.85 (10)°]. 

Comment 
Although the crystal structure of the 4,4'-bipyridyl mol- 
ecule, (I), has been reported many times in the context 
of acting as a Lewis base (e.g. Blake et al., 1997; Lu et 
al., 1997), or cocrystallized with hydrogen donors such 
as alcohols (Coupar et al., 1996; Sharma & Zawarotko, 
1996) or transition metal complexes (Blake et al., 1997; 
Lu et al., 1997) to form macromolecular arrays (Coupar 
et al., 1996; Sharma & Zawarotko, 1996), the structure 
of the molecule itself has only been determined by 
electron diffraction (Almenningen & Bastiansen, 1958), 
although the structure of 3,3'-dimethyl-4,4'-bipyridyl has 
been reported (Gourdon, 1993). 

h ~ h  

(I) 

The major difference between the two independent 
molecules found in the asymmetric unit is the dihe- 
dral angle subtended by the phenyl groups across the 
connecting C - - C  bond [18.50(12) ° in molecule 1 and 
34.85 (10) ° in molecule 2]. This angle was determined 
to be 37.2 ° in the gas phase and 48.6 ° from the latest 
theoretical calculations (Ould-Moussa et al., 1996). In 
the sterically congested 3,3'-dimethyl-4,4'-bipyridyl the 
angle is 81.1 ° (Gourdon, 1993). In all other respects, 
the two independent molecules are very similar in their 
bonds lengths and angles. The C - - N  bonds are some 
0.04 ,~, shorter than the ring C - - C  bonds and the angle 
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Fig. 1. The molecular structure of 4J-bipyridyl showing hydrogen bonding. Molecule 1 is on the right. The displacement ellipsoids are drawn 
at the 50% probability level. 

subtended at nitrogen averages 116 °. This results in an 
opening up of the internal angle at the adjacent carbon 
to some 124 ° and a corresponding reduction of the in- 
ternal angle at the ring-connecting carbon to 117 °, a 
ring geometry distortion paralleled in similar systems 
(Gourdon, 1993). The H atoms were located and fully 
refined. 

The mean planes of the two independent molecules 
subtend an angle of 14.1 (8) ° to each other whereas 
the angle subtended by the two vectors arising from 
projection of the inter-annular bonds of the two mol- 
ecules onto a common mean plane is approximately 
88 °. This orientation permits bidentate hydrogen bond- 
ing between each N atom and two H atoms on the 
C atoms adjacent to the ring-linking C - - C  bond re- 
sulting in a sheet structure (Fig. 1) with a distance 
of approximately 4.5,4, between adjacent sheets. There 
are no obvious interactions between the sheets. Of  the 
eight possible hydro[gen bonds to nitrogen, six lie in the 
range 2.48 to 2.63 A, clearly indicative of some form 
of interaction (Taylor & Kennard, 1982) o. The two re- 
maining interactions at 2.74 and 2 .82A lie close to 

the sum of the van der Waals radii (Mascal, 1998) 
and may be coincidental. The variation in the dihe- 
dral angle found in the solid and gas states is sug- 
gestive of a low rotation barrier of the two phenyl groups 
with respect to each other and this angle may well 
be influenced by the nitrogen-hydrogen interactions. 

Experimental 

A complex spectroscopically identified as a 2:1 adduct of 
triethylgallium and 4,4'-bipyridyl was dissolved in dry hexane 
(0. l g in 7 ml) under dinitrogen and cooled to 243 K. After 
one week, crystals of 4,4'-bipyridyl were isolated from the 
solution and dried in a stream of dinitrogen. The crystals 
proved extremely friable and data were subsequently collected 
on the smallest crystal isolated. The length of this crystal 
(1.0 mm) was the same order of magnitude as the diameter 
of the X-ray beam, however, since a satisfactory solution was 
obtained, no volume correction was applied to the data. 

Crystal data 

CIoHsN2 Mo/ca  radiation 
Mr = 156.19 A = 0.71073,4, 



6 7 4  C10H8N2 

Tricl inic  
P 1  

a = 8.778 (2) ,~ 
b = 8.781 (1) ,~, 
c = 10.998 (2) ,4, 
c~ = 85.52 (1)° 
/3 = 85.42 (2) ° 
3' = 78.57 (1) ° 
V = 826.6 (3) ,~3 

Z = 4  
Dx = 1.255 M g  m -3 

Dm not  measu red  

Data collection 

Siemens  P4  d i f f rac tomete r  
Profi le  fit t ing o f  0/20 scans 
Absorp t ion  correct ion:  none  
3910 measu red  ref lect ions 
3170 independen t  ref lect ions 
2031 ref lect ions  wi th  

I > 2o-(/) 

Rint = 0.025 

Refinement 

Ref inemen t  on F 2 
R(F)  = 0.051 
wR(F 2) = 0.134 

S = 1.010 
3170 ref lect ions  
281 parameters  
All  H a toms  ref ined 
w = 1/[o-2(Fo 2) + (0 .0551P)  2 

+ 0 .2120P]  
where  P = (Fo 2 + 2F~) /3  

Cell  parameters  f rom 32 
ref lect ions 

0 = 4 . 7 4 6 - 1 4 . 8 6 3  ° 
# = 0.077 m m - i  
T = 203 (2) K 
Ir regular  b lock  
1.00 × 0.30 × 0.20 m m  
Colour less  

0max ---- 27.49 ° 
h =  - 1 1  ---' 1 
k = - 1 1  ~ 11 
l = - 14 ~ 14 
3 s tandard  ref lect ions 

eve ry  97 ref lect ions 
in tensi ty  decay:  none  

(A/o-)ma., < 0.001 
Apmax = 0.17 e ,~-3 

/~prnin = - 0 . 2 3  e ,~-3 
Ex t inc t ion  correct ion:  none  
Scat ter ing  factors  f rom 

International Tables for  
Crystallography (Vol. C) 

o 
T a b l e  2. Hydrogen -bond ing  geome t ry  (A, 0) 

D I H  • • .A D - - H  H. • .A D- • -A D--H- - -A 
C22--H22. • .N11' 0.96 (2) 2.48 (2) 3.436 (3) 171.0 (19) 
C26A--H26A. • .N11' 0.97 (2) 2.82 (2) 3.558 (3) 133.4 (17) 
C26--H26...NIIA" 0.98(2) 2.74(2) 3.599(3) 146.0(19) 
C22A--H22A. • .N11A" 0.94 (2) 2.63 (2) 3.503 (3) 155 (2) 
CI2AIHI2A. • .N21A"' 0.96 (2) 2.58 (2) 3.491 (3) 158.8 (18) 
CI6--H16..-N21A'" 0.96(3) 2.48(3} 3.436(3) 170(2) 
CI6A--HI6A..-N21 0.91 (3) 2.61 (3) 3.514 (3) 173.3(19) 
C12--H12. • -N21 1.01 (2) 2.63 (3) 3.574 (3) 156.4 (19) 

Symmetry codes: (i) 1 + x , y -  1,z: ( i i)x,y,  1 +z: ( i i i ) x -  1, 1 + y , z -  1. 

The  crystal  was  m o u n t e d  in a L i n d e m a n n  capi l lary  tube 
us ing F o m b l i n  YR-1800  oil [Lancas te r  Synthes is ,  Ref .  17548 
(CAS 69991-67-9)]  and coo led  to 203 K. The  tr icl inic cell 
de t e rmined  f rom 32 ref lect ions cou ld  be t r ans fo rmed  into a 
monoc l in ic  C cent red  cell [a = 10.997 (2), b = 11.119 (1), c 
= 13.588 (2)A,, a = 90.01 (1) 3 = 95.86 (1), "~ = 90.08 (1)°].  
This  poss ibi l i ty  was  e l imina ted  by  axial  photography .  The  data  
were  col lec ted in two shells  (4 .5-45  and 4 5 - 5 5 ° ) ,  combined ,  
and Loren tz  and polar iza t ion  correc t ions  applied.  Di f fe rence  
maps  s h o w e d  the posi t ion o f  all the H a toms  which  were  
subsequen t ly  fu l ly  refined. 

Data  col lect ion:  XSCANS (S iemens ,  1996). Cell  re f inement :  
XSCANS. Data  reduct ion:  XSCANS. Program(s )  used  to solve 
structure:  SHELXTL-PIus (Sheldr ick,  1995). P r o ~ a m ( s )  used  
to refine structure:  SHELXL97 (Sheldrick,  1997). Molecu la r  
graphics:  SHELXTL-PIus. Sof tware  used to prepare mater ia l  
for publ icat ion:  SHELXL97. 

T h e  a u t h o r s  g r a t e f u l l y  a c k n o w l e d g e  t h e  s u p p o r t  o f  

E p i c h e m  L t d  f o r  a s t u d e n t s h i p  ( K M C ) .  

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: BMi287). Services for accessing these 
data are described at the back of the journal. 

T a b l e  1. Se lec ted  geometr ic  p a r a m e t e r s  (A, °) 

NI 1--C13 1.326 (3) N21--C25 
N I I-IC 15 1.329 (3) N21----C23 
C I l I C I 6  1.381 (3) C21--C22 
CI I I C I 2  1.383 (3) C21--C26 
C I I ~ I I A  1.494(3) C2 I-----C21A 
C12---C13 1.379 (3) C22---C23 
CI5---C16 1.379 (3) C25---C26 
N 11AIC15A 1.331 (3) N2 IA---C25A 
NI IA-IC 13A 1.335 (3) N21A-IC23A 
CI IA---C 12A 1.385 (3) C2 IA-IC26A 
C11AICI6A 1.391 (3) C2 IA--C22A 
CI 2A---CI 3A 1.385 (3) C22A---C23A 
C 15A----C 16A 1.386 (3) C25A--C26A 

C13--NI I---C15 115.45 (19) C25--N2 I IC23  
C16---C11---C12 116.40(18) C22IC21IC26 
CI6-ICI I---CI IA 121.75 (19) C22--C21--C2 IA 
C 1 2 ~ 1  I--C11A 121.84(18) C26---C21----C2 IA 
C13IC12--C11 119.5 (2) C23----C22IC21 
N1 I--C13---C 12 124.6 (2) N21 IC23-IC22 
NI 1IC15---C16 124.3 (2) N21---C25IC26 
CI5-IC16--CI 1 119.7 (2) C25--C26---C21 
CI5AIN 11A--C13A 115.82 (19) C25A--N21A---C23A 
C 12A---C 11A-ICI 6A 117.08 (19) C26A--C21A--C22A 
CI2AICI IAICI  1 121.29(19) C26A--C21A---C21 
CI6AIC11A--CI 1 121.6(2) C22A--C2 IAIC21 
C 11A----C 12A--C 13A 119.4(2) C23AIC22A-IC2 IA 
NI IA---CI 3AICI 2A 124.2 (2) N2 IA---C23A---C22A 
NI IA---CI5A---CI6A 124.5 (2) N21AIC25A---C26A 
C 15AIC 16A----CI 1A 119.0 (2) C25A---C26A---C21A 

1.329 (3) 
1.335 (3) 
1.388 (3) 
1.388 (3) 
1.484 (3) 
1.380 (3) 
1.380 (3) 
1.333 (3) 
1.335 (3) 
1.389 (3) 
1.391 (3) 
1.376 (3) 
1.381 (3) 

115.8 (2) 

117.33 (19) 
120.72 (17) 
121.94 (18) 
119.2 (2) 
124.2 (2) 
124.8 (2) 

18.7 (2) 
16.1 (2) 
17.5 (2) 
21.00(18) 
21.49(19) 
19.1 (2) 
24.2 (2) 
24.4 (2) 
18.7 (2) 
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