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Abstract. [Ba(C6H2N3Ov)2(C6H~sNO3)2] , M r = 891.9, 
monoclinic, C2/c, a = 21.704 (3), b = 8.0224 (6), 
c =  22.650 (4) A, f l=  122.30 (1) °, v =  3333.5 (9) A 3, 
z = 4 ,  D x = l . 7 7 7 g c m  -3, MoKa,  2 = 0 - 7 1 0 6 9 A ,  
/z= 11.83cm -1, F(000)= 1800, T = 2 9 4 K ,  R =  
0.0338 for 2837 observed reflections. Ba lies on a 
twofold axis and is coordinated to eight O and two N 
atoms which form a bicapped distorted cube. The N 
atom and three O atoms of triethanolamine (tea) and 
one O of the p-nitro group of the picrate (tnp) are 
involved in the coordination. The tea ligand is dis- 
ordered over two positions which are approximately 
related by pseudo mirror planes through N and each of 
the terminal C atoms, with occupancies of 0.637 (7) 
and 0.363 (7). Hydrogen bonds from the three tea OH 
groups to two neighbouring tnp ligands link the Ba 
complexes in extensive sheets. Two hydrogen bonds are 
bifurcated and the phenolate O accepts three hydrogen 
bonds. 

Introduction. Recently we reported the structure 
analyses of two complexes of Ban: Ba(dnp)2(phen) 3 
(Kanters, Postma, Duisenberg, Venkatasubramanian & 
Poonia, 1983) and Ba(tnp)2(phen)2 (Postma, Kanters, 
Duisenberg, Venkatasubramanian & Poonia, 1983) 
(drip = 2,4-dinitrophenolato, trip = 2,4,6-trinitrophenol- 
ato, phen = 1,10-phenanthroline). In order to study 
the relative binding capacities of nitrophenolates 
and triethanolamine we also determined the structure of 
Ba(dnp)2(tea)2 (Kanters, Smeets, Venkatasubramanian 
& Poonia, 1984). In the latter compound the N and O 

! t r  * Triethanolamine is 2,2,2 -nitrilotriethanol. 
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atoms of both tea ligands are coordinated to Ba, 
whereas only one o-nitro-group O atom of one of the 
dnp ligands contributes to the coordination. The 
powerful binding capacity of triethanolamine in the 
presence of 2,4,6-trinitrophenolate is studied in the 
structure analysis of the title compound. 

Experimental. Crystals obtained from the Chemistry 
Department, University of Indore, India. Rod-shaped, 
orange-reddish crystal 0.6 × 0.3 × 0.2 mm. Enraf- 
Nonius CAD-4 diffractometer. Cell constants from 
least-squares fit of positions of 25 reflections with 0 
range 11-2-18.6 °. ~o-20 scan, m = (0.60 + 
0-35 tan0) °, o(/)/(/) < 1% or a maximum scan time of 
60 s, horizontal and vertical slit widths 3 and 4 mm 
respectively, Zr-filtered Mo K~t radiation. One quad- 
rant, h 0-26, k 0-9, 1-27-23,  0ma x = 26 °. 3143 unique 
reflections, 2837 above 2.5a(I) level. Three standard 
reflections, measured every hour of X-ray exposure, 
showed an average fluctuation of 0.9%. Intensities 
corrected for Lp effects, but not for absorption. Ba 
position from Patterson synthesis, non-H atoms of tnp, 
N and three terminal C atoms of tea from Fourier 
maps. Six maxima appeared around N, the densities of 
which fell into two groups with a ratio of about 2" 1. The 
same feature was observed near the terminal C atoms 
where three pairs of close-lying maxima were found. 
This pattern was interpreted as a disorder of tea over 
two positions. Accordingly, the two groups of positions 
of the disordered C and O atoms were refined with 
occupancy factors p and ( 1 - p )  ]refined value, p 
= 0.637 (7)]. The two H atoms of trip were located 
from difference maps. The H atoms of tea were placed 
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at calculated C(sp 3) positions, those bonded to the 
disordered C atoms with corresponding occupancies, 
whereas the four H atoms attached to each ordered 
terminal C atom were pair-wise allocated occupancies 
corresponding to those of the disordered C atoms. The 
H atoms bonded to O atoms with the greater 
occupancy could be located from a difference map. 

The non-H atoms were refined anisotropically, the H 
atoms of tnp isotropically; all other H atoms were kept 
fixed at their calculated positions with a constant U of 
0-05/~2. Because of the large number of parameters 
(308) the refinement was split into two blocks: one for 
Ba and tnp, the other for tea. At convergence 
R = 0.0338, wR = 0.0355 with w = [e2(Fo) + 
0.00182Fo2] -l, S = 3 . 1 2 ,  (A/a)max=0.24, (A/cr)av= 
0-042. The final difference map showed intensities of 
+0.8 e ]~-3 at about 1 A from Ba, with other features 
below 0.4 e A-3. Scattering factors for non-H atoms 
from Cromer & Mann (1968), for H from Stewart, 
Davidson & Simpson (1965); anomalous-dispersion 
coefficients from Cromer & Liberman (1970). Cal- 
culations were performed with SHELX76 (Sheldrick, 
1976) (structure determination and refinement) and the 
EUCLID package (Spek, 1982) (geometry and 
illustrations) on the CDC Cyber-175 of the University 
of Utrecht. 

Discussion. Final atomic coordinates and equivalent 
isotropic thermal parameters are given in Table 1,* 
derived distances and angles in Table 2. The complex 
with the atom numbering scheme is shown in Fig. 1. 

In the complex Ba is coordinated to two tnp and two 
(disordered) tea ligands. Each tnp ligand is only 
coordinated by one O atom of the p-nitro group and 
each tea ligand contributes N and all six disordered O 
atoms (Table 2). Considering only the O atoms of tea 
with the greater occupancy, each Ba is bonded to ten N 
and O atoms, which form a distorted bicapped cubic 
arrangement (Fig. 2) with the twofold axis passing 
through Ba; 0(5) and 0(5 ')  of tnp are the capping 
atoms. A similar (monocapped) coordination is present 
in Ba(dnp)z (tea)2 (Kanters, Smeets, Venkata- 
subramanian & Poonia, 1984). In that complex the two 
dnp ligands contribute only one o-nitro-group O atom 
and the phenolic O of dnp is also not involved in the 
coordination, whereas in nitrophenolate complexes with 
1,10-phenanthroline as a ligand, Ba(tnp)2(phen) 2 
(Postma, Kanters, Duisenberg, Venkatasubramanian & 
Poonia, 1983) and Ba(dnp)z(phen) 3 (Kanters, Postma, 
Duisenberg, Venkatasubramanian & Poonia, 1983)the 
distance Ba-O(phenolate) is the shortest contact, 

* Lists of structure factors, anisotropic thermal parameters, 
H-atom coordinates and least-squares-planes' data have been 
deposited with the British Library Lending Division as Supplemen- 
tary Publication No. SUP 42326 (21 pp.). Copies may be obtained 
through The Executive Secretary, International Union of Crystal- 
lography, 5 Abbey Square, Chester CH 1 2HU, England. 

which illustrates the great coordination capacity of tea. 
This loss of coordination energy is compensated for by 
the extensive participation of phenolic O in hydrogen 
bonding (Table 3). 

The cluster of Ba with its surrounding tnp and tea 
ligands is built in such a way that the two tea's with 
their eight coordinating atoms effectively screen Ba 
from the tnp fragments which approach the cluster 
from one side. The distances between Ba and the O 
atoms of tea with the greater occupancy range from 
2.728 (5) to 2.809 (5),& and the Ba-N(4) distance is 

Table 1. Fractional atomic coordinates and equivalent 
isotropie thermal parameters, with e.s.d.'s in 

parentheses 

Ueq 
= .}Z "~" * • 

,._jUua i aj ai.a j. 

x 3' z Ueq(A 2) 
Ba 0.5 0.21592 (4) 0.25 0.0520 (1) 

Trini trophenolate 
0( I )  0.4847 (1) 0.8144 (4) -0.0698 (1) 0.079 (1) 
0(2) 0.3660(2) 1-O118 (5) -0.1220 (2) 0.091 (I) 
0(3) 0.2813 (2) 0.8633 (6) -0.1295 (2) 0.125 (2) 
O(4) 0-3329 (2) 0.6154 (4) 0.0870 (2) 0.092 (1) 
O(5) 0-4441 (2) 0.5531 (4) 0.1672 (2) 0.093 (1) 
0(6) 0-6259 (1) 0-5670 (5) 0.1141 (2) 0-093 (1) 
0(7) 0.6140 (2) 0.6908 (5) 0.0265 (2) 0.097 (2) 
N(1) 0.3447 (2) 0.8994 (5) -0.1004 (2) 0.063 (1) 
N(2) 0.3983 (2) 0.6077 (4) 0.1090 (2) 0.068 (1) 
N(3) 0.5897 (1) 0.6474 (4) 0.0612 (2) 0.059 (1) 
C(I) 0.4684 (2) 0-7778 (5) -0.0261 (2) 0.054 (I) 
C(2) 0.3971 (2) 0-8085 (4) -0.0381 (2) 0.052 (1) 
C(3) 0-3733 (2) 0.7513 (4) 0.0031 (2) 0-053 (1) 
C(4) 0.4223 (2) 0.6687 (4) 0.0641 (2) 0.053 (1) 
C(5) 0.4932 (2) 0.6388 (5) 0.0829 (2) 0.052 (I) 
C(6) 0.5152 (2) 0-6906 (4) 0.0392 (2) 0.051 (1) 

Triethanolamine 
0(8) 0.4172 (6) 0.151 (I) 0-1081 (6) 0.071 (3) 
O(81) 0.4142(9) 0.228(2) 0.1062(9) 0.047(4) 
0(9) 0.4564 (3) -0.0365 (6) 0-3060 (2) 0.067 (2) 
O(91) 0.4597(5) -0 .108(1)  0.2632(8) 0-117(5) 
O(10) 0.4159 (2) 0.3418 (7) 0.2957 (2) 0-054 (1) 
O(101) 0.4012 (5) 0.425 (1) 0.2583 (6) 0.082 (4) 
N(4) 0-3411 (1) 0.1169 (3) 0.1788 (1) 0.046 (1) 
C(7) 0-3138 (3) 0.059 (1) 0.1064 (3) 0-058 (2) 
C(71) 0.3050 (5) 0.179 (2) 0.1063 (5) 0.054 (4) 
C(8) 0.3425 (2) 0.1521 (6) 0.0694 (2) 0.063 (1) 
C(9) 0.3275 (3) -0.0156 (9) 0.2148 (4) 0.064 (2) 
C(91) 0.3407(9) -0-069 (2) 0.1816(7) 0.092(5) 
C(10) 0.3927 (3) -0-1306 (6) 0-2547 (2) 0.080 (2) 
C( l l )  0.3007 (3) 0-2695 (8) 0.1747 (4) 0.062 (2) 
C(II1) 0.3113(5) 0.193(1) 0.2175(6) 0-055(4) 
C(12) 0.3372 (2) 0-3567 (6) 0.2455 (2) 0-067 (1) 

° 7 C ~  ° 

C5~ 09 

Fig. 1. Perspective drawing of the molecule with atom numbering. 
The tea molecule with the higher occupancy is shown. 
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Table 2. Interatomic distances (A), bond angles (o) and 
selected torsion angles (o) 

Ba-O(10) 2.728 (5) Ba-O(81) 2.76 (2) 
Ba-O(8) 2-77 (1) Ba-O(91) 2.808 (9) 
Ba-O(9) 2-809 (5) Ba-O(101) 2.81 (1) 
Ba-N(4) 3-030 (2) 
Ba-O(5) 3.142 (2) 

N(4) -Ba-N(4 ' )  149.6 (6) O(8) -Ba-O(9 ' )  60-4 (2) 
N(4)-Ba-O(8 ' )  114.6(2) O(8)-Ba-O(10)  I I l - I  (3) 
N(4)-Ba-O(9)  59-3 (1) O(8)-Ba-O(10 ' )  77.3 (3) 
N(4)--Ba-O(9') 97.6 (1) O(5)-Ba-O(5 ' )  61-2 (1) 
N(4)- Ba-O(10) 59.8 (1) O(9)-Ba-O(9 ' )  87-7 (2) 
N(4)-Ba-O(10 ' )  134.2 (1) O(9)-Ba-O(5)  140.8 (1) 
N(4) -Na-O(8)  59.0 (3) O(9)-Ba-O(5 ' )  117.8 (1) 
N(4)-Ba-O(5)  86.6 (1) O(9)-Ba-O(10)  68.9 (2) 
N(4)-Ba-O(5 ' )  120.7 (1) O(9)-Ba-O(10 ' )  153.3 (2) 
O(8)--Ba-O(8') 158.3 (2) O(10)-Ba-O(10 ' )  136.5 (2) 
O(8)-Ba-O(5 ' )  131.2 (2) O( lO)-Ba-O(5)  77.6 (1) 
O(8)-Ba-O(5)  70.4 (2) O(10)-Ba-O(5 ' )  65.0 (I) 
O(8)-Ba-O(9)  102-9 (2) 

Symmetry code: ( ')  1 - x, y, ½ - z. 

Trinitrophenolate 
O ( I ) - C ( I )  1.251 (6) N(3)-O(6) 1.210(5) 
N( 1 )-C(2) 1.450 (6) N(3)-O(7) 1.208 (6) 
N(I)-O(2)  1.228 (6) C(1)-C(2) 1.442 (6) 
N(I)-O(3)  1.201 (5) C(1)-C(6) 1.450(6) 
N(2)-C(4) 1.453 (7) C(2)-C(3) 1.365 (7) 
N(2)-O(4) 1.229 (5) C(3)-C(4) 1.382 (6) 
N(2)--O(5) 1.232 (6) C(4)-C(5) 1.381 (5) 
N(3)-C(6) 1.457 (4) C(5)-C(6) 1.373 (7) 

C(2)-N(1)-O(2) 1 I9.4 (4) C( I ) -C(2) -N( I )  118.3 
C(2)- N(I)-O(3) 119.1 (4) C(1)-C(2)-C(3) 125.0 
O(2)-N(I)-O(3) I21.6 (5) N(1)-C(2)-C(3) 116.6 
C(4)-N(2)-O(4) 117.9 (4) C(2)-C(3)-C(4) 118.3 
C(4)-N(2)-O(5) 118.9 (4) C(3)-C(4)-N(2) 119.3 
O(4)-N(2)-O(5) 123.3 (5) C(3)-C(4)-C(5) 121.8 
C(6)-N(3)-O(6) 118.7 (4) N(2)-C(4)-C(5) 118.9 
C(6)-N(3)- O(7) 120.0 (4) C(4)-C(5)-C(6) 119-0 
O(6)-- N(3)-O(7) 121-3 (3) C(1)-C(6)-C(5) 123-9 
O( I ) -C( I ) -C(2)  122-6 (4) C(1)-C(6)-N(3) 120-5 
O( I)-C(1)-C(6) 125.5(4) C(5)-C(6)-N(3) 115.6 
C(2)-C(1)-C(6) 111.8 (4) 

O(2)-N(1)-C(2)-C(1) -35-2(6) O(5)-N(2)-C(4)-C(3) 
O(2)-N( I )-C(2)-C(3) 147.9 (4) 0(5)-N(2)-C(4)-C(5) 
O(3)-N( I)-C(2)-C(1) 145.1 (5) O(6)-N(3)-C(6)-C(1) 
O(3)-N(1)-C(2)-C(3) -31.7 (6) O(6)-N(3)-C(6)-C(5) 
O(4)- N(2)-C(4)-C(3) 8.1 (5) O(7)-N(3)-C(6)-C( 1 ) 
O(4)- N(2)-C(4)-C(5) -170.4 (4) O(7)-N(3)-C(6)-C(5) 

T r i e t h a n o l a m i n e  ( p o p u l a t i o n  0.63?) 
O(8)-C(8) 1-37(1) N(4)-C(I  1) 1.480(7) 
O(9)-C(10) 1-454 (8) C(7)-C(8) 1-485 (9) 
O(10)-C(12) 1.466 (5) C(9)-C(10) 1.518 (8) 
N(4)-C(7) 1.489 (8) C(I 1)-C(12) 1.53 (1) 
N(4)-C(9) 1.463 (9) 

C(7)- N(4)-C(9) 107.9(5) N(4)-C(I  I)-C(12) 110.8(5) 
C(7)--N(4)-C( I 1) 108.4 (5) O(8)-C(8)-C(7)  110.2 (7) 
C(9) -N(4) -C(I  I) 110.3(5) O(9)-C(10)-C(9) 110.2(4) 
N(4)-C(7)-C(8)  115.1 (5) O(10) -C(12) -C( l l )  120.9(4) 
N(4)-C(9)-C(10) 111.8(5) 

C(9)-N(4)-C(7)-C(8)  -162.1 (5) C(9)-  N(4)-C( 11 )-C(12) 74.8(6) 
C(I 1)-N(4)-C(7)-C(8)  78.4 (5) N(4)-C(7)-C(8)-O(8)  55.0 (8) 
C(7)-N(4)-C(9)-C(10)  93.1 (6) N(4)-C(9)-C(10)-O(9)  58.9 (7) 
C( I I)-N(4) C(9)-C(10) - [48 .7 (5 )  N(4)-C( I 1)-C( 12)-O(10) 28.6(8) 
C(7) N(4)-C( I I)-C(12) -167.3(5)  

Triethanolamine (population 0.363)  
O(81)-C(8) [.45(2) N(4)-C(I  1 I) 1.47(I) 
O(91) -C([0) [.37(1) C(71)-C(8) 1.46(I) 
O(101)-C(12) 1.37(1) C(91)-C(10) 1.50(2) 
N(4)- C(71) 1.48(1) C(I 11)-C(12) 1.44(1) 
N(4)- C(91) 1.49(2) 

C(71)-N(4)-C(91) 111.9(9) N(4)-C(I  11)-C(12) 116.7(8) 
C(71 ) -N(4 ) -C( I I I )  112.4 (7) O(81)-C(8)-C(71) 111 (I) 
C(91)-N(4)--C(11[) 112.0 (8) O(91)-C(10)-C(91) 103 (1) 
N(4)- C(71)-C(8) 117.3(8) O(101)-C(12)-C(111) 124-9(7) 
N(4)-C(91)-C(10) I l l  (I) 

C(91 ) - N(4)-C(71 )-C(8) - 7 0 ( I )  C(91 ) -N(4) -C(  11 I)-C(12) 152.7(9) 
C( 111)-N(4)-C(71)-C(8) 162.6(9) N(4)-C(71)-C(8)--O(81) -58 (1 )  
C(71) N(4)-C(91)-C(10) 166.1 (9) N(4)-C(91)-C(10)-O(91) -75  (1) 
C( I I I ) -N(4 ) -C(91 ) -C(10 )  -67(1)  N(4)-C(111)-C(12)-O(101)-21 (1) 
C(71 ) -N(4) -C(  11 I)-C(12) -80 (1) 

(4) 
(4) 
(4) 
(4) 
(4) 
(4) 
(4) 
(4) 
(4) 
(4) 
(4) 

-171.0 (4) 
10-5 (5) 

- 176- I (4) 
1-9 (5) 
3.3 (6) 

- 178.6 (4) 

3.030 (2) A, whereas 0(5)  of the p-nitro group oftnp is 
at 3.142 (2)A. The O atoms of tea with the smaller 
occupancy are also coordinated at distances ranging 
from 2.76 (2) to 2.81 (1)]k (Table 2). Corresponding 
ranges have been observed in Ba(CH3COO-)2(tea) 2 
(Voegele, Thierry & Weiss, 1974) and Ba(dnp)2(tea) 2. 
The tea ligand is disordered over two positions such 
that the N atom and the three terminal C atoms are 
ordered and the remaining C and O atoms are 
disordered. The disordered atoms are related by pseudo 
mirror planes, each comprising a terminal C atom and 
the perpendicular through N on the plane of C(7), C(9), 
C(11) (Fig. 3). The differences between the distances of 
the seven mirror-related atom pairs to these three planes 
average to 0.2 (3), 0.16 (7) and 0.08 (6) A for the three 
planes passing through N(4) . . .C(8) ,  N(4) . . .C(10)  and 
N(4) . . .C(12)  respectively. The bond distances and 
angles of tea with the greater occupancy (Table 2) are 
in reasonable agreement with data observed in (tea)2- 
Sr(NO3) 2 (Voegele, Fischer & Weiss, 1974b), (tea)3NaI 
(Voegele, Fischer & Weiss, 1974a), Ba(CH3COO-) 2- 
(tea)2 (Voegele, Thierry & Weiss, 1974) and Ba(dnp) 2- 
(tea)2. For lower-occupancy tea some values show large 
deviations, which must be ascribed to the disorder. 
Therefore, only the geometry of tea with occupancy 
0-637 will be discussed. 

As in the other complexes, tea has three nearly 
planar C - N - C - C  fragments. The conformation of 
two C - O  bonds relative to C--N is almost gauche for 
C(8)-O(8)  [55.2(8)  °] and C ( 1 0 ) - O ( 9 ) [ 5 8 . 9  (7)°1, 
but deviates strongly for C(12) -O(10)  [28.6 (8)°]. 

08' 

09 . 

\ J  

o8 

Fig .  2. View of the Ba coordination. Atoms N ( 4 ) ,  O ( 8 ) ,  0 ( 9 )  and 
O(10) with the symmetry-related atoms of tea with the higher 
occupancy form a distorted cube, capped by  0 ( 5 )  a n d  0 ( 5 ' )  of 
tnp. Symmetry code: ( ' )  1 - x ,  y ,  ½ - z .  

Table 3. Hydrogen-bonding geometry (D: donor; A" 
acceptor) 

D - H . . . A  D - H  (A)  H . . . A  (]~) D . . . A  (A)  D - H . . . A  (o) 
0(8)-H(13).. .0(1')  1.10(1) 1.76 (I) 2.71 (I) 141 (1) 
O(8)- H(13)...O(7') 1.10(I) 2.19(1) 3.03(I)  131(I) 
O(9) H¢14)...O(1") 0.90(I)  2.29(~) 3-~0~ (6) 151 (I) 
0(9) H(14)...O(2") 0.90 (1) 2.46(1) 3-157(7) 135(1) 
O(10)- H(15)...O(1") 0.87(1) 2.00(1) 2.867(6) 174(1) 

Symmetry code: ( ')  1 - x, 1 - y, - z ;  ( " )  x, 1 - y, ½ + z. 
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This deviation is probably due to disorder, as in the 
other tea complexes the conformations are all close to 
gauche. As is usual in picrates the phenyl ring is 
moderately planar [tray--- 0.024 (9) Al, with the 
immediate ring substitutents showing appreciable 
deviations from the best plane, the average distance of 
the three N atoms being 0.05 (1)A and of phenolic 
O(1) 0.143 (8)A. The three C--NO 2 fragments are 
planar and the nitro groups display various degrees of 
twisting, moderate for one of the o-nitro groups 
[3.1 (2) °] and the p-nitro group [10.1 (2) ° ] but large 
for the other o-nitro group [33.6 (3)°], which corre- 
sponds to the twisting in Ba(tnP)2(phen) 2 where these 
twist angles are 0.4 (2), 5.1 (2) and 28.6 (2) ° for tnpl 
and 5.9 (2), 14.9 (2) and 38.9 (2) ° for tnp2. The 
bond-length and bond-angle variation of the phenyl ring 
of tnp is similar to that observed in other picrates and 
mono- and di-o-nitrophenolates (Bush & Truter, 1971; 
Hughes, 1973, 1975; Hough, 1976; Postma, Kanters, 
Duisenberg, Venkatasubramanian & Poonia, 1983) in 
that both C - C  bonds at the phenolic site are long [av. 
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OlO L ~\\~-~ 
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Fig. 3. The disordered triethanolamine |igand. The disordered atoms 
are related by pseudo mirror planes passing through the terminal 
C atoms and the perpendicular through N on the plane C(7), 
C(9), C(11). 

o 

Fig. 4. View of the hydrogen-bond scheme down b. Hydrogen 
bonds, denoted by dashed lines, connect tea and tnp ligands of 
three different Ba coordination spheres, with Ba at ½, ½ + .v, -¼" ½, 
y, ¼; ½, ½ + y, ] respectively. The tea residues are at x, y, z and 
1 - x ,  y, ½-  z. The tnp residues are at (') 1 - x ,  1 - y ,  - z  and 
(")x,  l - y ,  ½+ z. 

1.446 (4)A] and the four remaining bonds are short 
lav. 1.375 (7) AI, the bond angle at the phenolic site is 
small [111.8 (4)°[, and the angles subtended at the 
ortho C atoms are enlarged to 123.9(4) and 
125.0 (4) ° , whereas the remaining angles approach 
normal values (Table 2). The dimensions of tnp are 
consistent with significant contributions of resonance 
forms with an essentially normal C=O bond (Ferguson, 
Ruhl, Wieckowski, Lloyd & McNab, 1984). 

The OH groups of tea are involved in intermolecular 
hydrogen bonds, two of which are bifurcated, and they 
donate to acceptors O(1), 0(2) and 0(7) of the tnp 
fragments (Fig. 4). Only the hydrogen bonds relating to 
tea with occupancy 0.637 are given in Table 3, though 
the O atoms of tea with the smaller occupancy are 
within 3.40 A of potential O acceptors. The phenolic 
O(1) accepts three hydrogen bonds and as in Ba(dnp) 2- 
(tea)2, where O(1) is also excluded from the Ba 
coordination, this acceptor therefore contributes effec- 
tively to the interaction energy. The hydrogen bonds 
connect each tea molecule to two tnp's belonging to two 
different Ba coordination spheres which are related by 
translations of ½(b + c) and ½(b-c)  respectively. As 
these hydrogen bonds are all directed towards the 
phenolic site of the tnp's, whose p-nitro groups are 
coordinated to Ba, a strongly hydrogen-bonded sheet of 
Ba polyhedra is formed parallel to bc. The structure is 
built up by stacking of these infinite sheets along a. 
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