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Since the crystallizability of compound (lc) was poor the R 
value obtained was slightly high. 

For all compounds, program(s) used to solve structures: 
MITHRIL (Gilmore, 1984); program(s) used to refine struc- 
tures: ORFLS (Busing, Martin & Levy, 1962); molecular 
graphics: ORTEP (Johnson, 1965). 

C o m m e n t a i r e  

La structure, (I), prrsente une alternance de couches in- 
organiques (H2PO4)-  et organiques (CH3OC6H4NH3) +, 
parall~les aux plans (001) (Fig. 1). Dans le premier  
type de couche les anions (H2PO4)-  sont relirs entre 

Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates, complete geometry, including H-atom geometry, 
and torsion angles have been deposited with the IUCr (Reference: 
ASl136). Copies may be obtained through The Managing Editor, 
International Union of Crystallography, 5 Abbey Square, Chester CH 1 
2HU, England. 
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p-Anisidinium Dihydrogrnophosphate 

FATMA BEN AMOR, EL HASSANE SOUMm, MOrtAMED 
OULD ABDELLAHI ET TAHAR JOUINI 

Ddpartement  de Chimie, Facultd des Sciences, 
1060 Campus  Universitaire, Tunis, Tunisia 

(Re~u le 26 septembre 1994, acceptd le 7 ddcembre 1994) 

A b s t r a c t  

The structure of  p-anisidinium dihydrogenphosphate,  
C7HIoNO+.HzPO~ -, is composed of  inorganic layers of  
(H2PO4)-  anions parallel to the (001) plane alternating 
with organic layers comprising ( C H 3 0 - - C 6 H 4 - - N H 3 )  ÷ 
cations. The (H2PO4)-  groups are linked together by 
strong O - - - H . . . O - - - P  bonds and are connected to the 
organic cations by weak N - - H . - . O - - - P  bonds. All these 
hydrogen bonds ensure the cohesion and stability of  the 
structure. 
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O - ~ . - +  CH 3 NH 3 H2PO 4 

(I) 

eux par des liaisons hydrog~ne de type O - - H . . . O - - - P ;  
H O 3 - . . O l ( 1  - x, - y ,  1 - z) 1,81 (3) et H O 4 . . . O 2  
(1 + x, ½ - y, z) 1,89 ( 3 ) ~ .  Les valeurs ext r rmes  des 
distances P---O, P - - O 2  1,499 (1) et P - - O 4  1,561 (2),&, 
sont en accord avec celles rencontrres pour des com- 
posrs  voisins (Averbuch-Pouchot,  Durif  & Guitel, 1988; 
Averbuch-Pouchot,  1993; Ohama,  Machida,  Nakamura  
& Kunifuji, 1987). Les cations organiques sont ori- 
entrs perpendiculairement aux couches inorganiques et 
leur sont lirs par des liaisons hydrog~ne de type N - -  
H-. .O----P exercres  par les trois protons du groupement  

1 1 - z)  1 , 7 9 ( 3 ) ,  - - N H 3 : H 1 N . . . 0 2 ( ½  - x, y - ~, 
H 2 N . - . O 1  2 ,02(3)  et H 3 N . . . O I ( x  1 i 2, 2 y , z )  
1,94 (3),&. 

Fig. 1. Projection selon la direction [010] de la structure du 
p-anisidinium dihydrogrnophosphate. Les ellipso'/des thermiques 
correspondent h 50% de probabilitr. Les atomes d'hydrog~ne sont 
reprrsentrs par des cercles de diamrtres arbitraires. 
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L'oxyg~ne du groupement m6thoxy n'6tablit au- 
cune liaison hydrog6ne, ceci est probablement dO 
l'encombrement st6rique du m6thoxy ainsi qu'~ son ef- 
fet donneur qui provoque une d61ocalisation du nuage 
61ectronique de cet oxyg6ne vers le cycle benz6nique. 
Selon le crit6re portant sur les distances O(N). . .O, 
(Brown, 1976; Blessing, 1986), les liaisons hydrog6ne 
O - - H . . . O - - P  sont relativement fortes par rapport aux 
liaisons N - - H . . . O - - P .  L'ensemble de ces liaisons hy- 
drog~ne assure la stabilit6 et la coh6sion de l'6difice 
cristallin. 

Partie exp6rimentale 

Le p-anis idinium dihydrog6nophosphate  est pr6par6 par ad- 
dition d 'une  solution d 'ac ide  phosphorique h une solution 
aqueuse  de p-anisidine dans un rapport stoechiom6trique.  La 
solution est filtr6e et abandonn6e ?~ la temp6rature ambiante.  
Les cristaux obtenus sont des prismes transparents. 

Donndes cristallines 

CTHIoNO+.H2POg - 
M,  = 221,15 
Monocl in ique  

e21 /a  

a = 9,3781 (5) ,~, 
b = 8,2216 (6) ,~, 
c = 13,5971 (6) ,~, 
/3 = 104,903 (4) ° 
V = 1013,11 (10)/~3 
Z = 4  
Dx = 1,450 Mg m -3 

M o  Ka radiation 
)~ = 0,71069 ,~, 
Param~tres de la maille 

l 'a ide de 25 r6flexions 
0 = 1 4 - 1 6  ° 
# = 0,269 m m -  
T = 293 (2) K 
Prisme 
0,4 × 0,4 x 0,3 mm 
Incolore 

Collection des donndes 

Diffractom~tre Enraf -Nonius  
C A D - 4  

Balayage  w/20 
Pas de correct ion 

d 'absorpt ion  
1852 r6flexions mesur6es 
1774 r6flexions 

ind6pendantes 
1603 r6flexions observ6es 

[ /> 2o'(/)1 

Rint = 0,0110 
0max = 24,97 ° 
h = - 1 1  ~ 10 
k = 0 - - ,  9 
1 = 0 ---~ 16 
3 r6flexions de r6f6rence 

fr6quence: 120 min 
variation d'intensit6: 1,6% 

Affinement 

Affinement  bas6 sur les F 2 
R[F 2 > 20.(F2)] = 0,0394 
wR(F 2) = 0,1033 
S = 1,164 
1774 r6flexions 
176 param~tres 
T o u s l e s  param~tres des 

a tomes d 'hydrog~ne 
affin6s 

w = 1/[0.2(Fo z) + (0 ,0591P)  z 

+ 0,3749P] 
where e = (Fo z + 2F~)/3 

(m/o')max < 0.001 

Apmax = 0,351 e ,~-3 
mpmin = - 0 , 3 6 0  e ,~-3 
Correct ion d 'extinction:  

SHELXL93 (Sheldrick, 
1994) 

Coefficient d 'extinction:  
0,053 (5) 

Facteurs de diffusion des 
International Tables for  
Crystallography ( 1992, 
Tome C, Tableaux 4.2.6.8 
et 6.1.1.4) 

Tableau 1. Coordonndes atomiques et facteurs d'agitation 
thermique isotrope dquivalents ( ~ 2) 

U6q = (1/3)~i~jUija~ a; a,.aj. 

x y z U~q 
P 0,41440 (5) 0,22869 (6) 0,42869 (4) 0,0292 (2) 
Ol 0.4796 (2) 0,1971 (2) 0,5408 (i) 0,0349 (4) 
02 0,2678 (1) 0,3132 (2) 0,4043 (1) 0,0413 (4) 
03 0,3975 (2) 0,0647 (2) 0,3692 (1) 0,0494 (5) 
04 0,5194 (2) 0,3386 (2) 0,3851 (1) 0,0431 (4) 
05 0,4281 (2) 0,2623 (3) 1,0530 ( ! ) 0,0686 (6) 
N 0,2457 (2) 03 396 (2) 0,6355 (1) 0,0344 (4) 
CI 0,2913 (2) 0.1703 (3) 0,7452 (!) 0,0332 (5) 
C2 0,2561 (3) 0,0614 (3) 0,8105 (2) 0,0540 (7) 
C3 0,2998 (4) 0,0878 (3) 0,9148 (2) 0,0585 (7) 
C4 0,3787 (3) 0,2243 (3) 0,9520 (2) 0,0472 (6) 
C5 0,4129 (3) 0,3345 (4) 0,8848 (2) 0,0636 (8) 
C6 0,3692 (3) 0,3076 (3) 0,7815 (2) 0,0550 (7) 
C7 0,3873 (6) 0.1583 (5) 1,1245 (2) 0,0817 (11) 

Tableau 2. ParamOtres gdomdtriques (,~,, o) 
P-----Q2 1.499 (1) C1--C2 1,361 (3) 
P---OI 1,512 (1) C1---C6 1.366 (3) 
P---O3 1,559 (2) C2---C3 1,387 (3) 
P----O4 !,561 (2) C3---C4 1,367 (4) 
O5--C4 1,368 (3) C4---C5 !,381 (4) 
O5---C7 1,419 (4) C5----C6 1,376 (3) 
N--CI 1,463 (2) 

O2--P---O1 114,37 (9) C6--CI--N 120,0 (2) 
O2--P--O3 108,7 (1) C1---C2--C3 120,4 (2) 
O1--P----O3 109,59 (8) C4---C3---C2 119,7 (2) 
O2--P--O4 106,26 (8) C3--C4--435 124,8 (2) 
OI--P---O4 110,55 (8) C3--C4--C5 !19,3 (2) 
O3--P---(M 107,0 (1) O ~ - C ~ 5  115,9 (2) 
C4--O5---C7 !17,9 (3) C6--C5----C4 120,7 (2) 
C2--C1--426 120.3 (2) C!----C6---C5 119,6 (2) 
C2------C I--N ! 19,7 (2) 

Tableau 3. Distances et liaisons hydrog~ne (,~, o) 

D--H. • .A D--H H. • .A D. • .A D--H. • .A 
O3--HO3. • .O1 0,79 (3) 1,81 (3) 2,595 (2) 174 (3) 
O4---HO4. • .02' 0,71 (3) 1.89 (3) 2,596 (2) 173 (4) 
N--H1N. • .02 i~ 0,95 (3) 1,79 (3) 2,735 (2) 172 (2) 
N--H2N. • .O1 0,86 (3) 2,02 (3) 2.854 (2) 165 (2) 
N--H3N. • .O1 "i 0.90 (3) 1,94 (3) 2,834 (2) 178 (2) 
Codes de sym6trie: (i) ½ + x, ½ - y,z; (ii) ½ - x,y - ½,1 - z; 

(iii) x -  ½ , ½ - y , z .  

La largeur de balayage est (0,65 + 0,35 tan0) °. Les intensit6s 
ont 6t6 corrig6es des facteurs de Lorentz-polar isat ion.  La 
structure a 6t6 r6solue par les m6thodes directes (SHELXS86; 
Sheldrick, 1990) puis affin6e par la m6thode des moindres  
carr6s (SHELXL93; Sheldrick, 1994). 

Collect ion des donn6es: Enraf-Nonius CAD-4 Software 
(Enraf -Nonius ,  1989). Affinement des param~tres de la 
maille: Enraf-Nonius CAD-4 Software. R6duction des 
donn6es: MolEN (Fair, 1990). Programme(s)  pour  la solution 
de la structure: SHELXS86 (Sheldrick, 1990). Programme(s)  
pour  l 'aff inement de la structure: SHELXL93 (Sheldrick, 
1994). 

Les listes des facteurs de structure, des facteurs d'agitation thermique 
anisotrope, des coordonn6es des atomes d'hydrog~ne, des distances et 
angles des atomes d'hydrog~ne ont 6t6 ddpos6es au ddpft d'archives 
de I'UICr (Rdf6rence: DUll05). On peut en obtenir des copies 
en s'adressant h: The Managing Editor, International Union of 
Crystallography, 5 Abbey Square, Chester CHI 2HU, Angleterre. 
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The cation and the anion in the chosen asymmetric 
unit have (R)-configuration. The atom-labelling scheme 
and the conformation of the ions is shown in Fig. 1. 
The mandelate ion contains two planar groups, the 
phenyl ring and the carboxylate group; consequently, 
the conformation of the ion is described by two torsion 
angles, O1---C1--C2---O3 and O3---C2---C3---C4, and 
the conformation of the 1-phenylethylammonium ion is 
determined by the torsion angle N - - C 1 0 - - C l l - - C 1 2 .  
These torsion angles differ by less than 1.4 ° from the 
equivalent angles in (S)-l-phenylethylammonium (S)- 
mandelate if these are inverted to correspond to the 
(R,R)-configuration (Larsen & Lopez de Diego, 1993a), 
thus, the conformation of the ions is the same in these 
two salts. 
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(R,S)-l-Phenylethylammonium 
(R,S)-Mandelate 
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Abstract 
The title compound, CsH12N+.CsHTO3 - ,  contains equal 
amounts of (R)- and (S)-l-phenylethylammonium ions 
and of (R)- and (S)-mandelate ions (a-hydroxybenzene- 
acetate). Hydrogen bonds connect cations with anions 
of the same chirality, including ions related by the 
symmetry of the 21 axis. This hydrogen-bond pattern 
and the conformation of the ions are identical to those 
found in (S)-l-phenylethylammonium (S)-mandelate. 

Comment 
The crystal structures of five different compounds made 
from mixtures of l-phenylethylamine and mandelic acid 
have been reported previously (Brianso, Leclercq & 
Jacques, 1979; Larsen & Lopez de Diego, 1993a,b; 
Lopez de Diego, 1994a,b, 1995). These compounds 
differ in the chirality of the ions and in the base-to- 
acid ratio. The title compound (I) is thus the sixth salt 
in the series, and it contains both enantiomers of the l-  
phenylethylammonium ion and both enantiomers of the 
mandelate ion. 

o 

. o -  

(1) 

<~~ - - ~  CH3 

NH3 + 
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(b) 

Fig. 1. ORTEPII (Johnson, 1976) drawings of (a) the (R)-mandelate 
and (b) the (R)-l-phenylethylammonium ions, illustrating the atomic 
numbering scheme. The displacement ellipsoids enclose 50% 
probability and the H atoms are drawn as spheres with a fixed radius. 

This structure contains both enantiomers of the cation 
and anion, so it could be expected that hydrogen 
bonds could be found between homochiral, as well as 
between heterochiral, ions. Therefore, it is remarkable 
that hydrogen bonds are formed only between ions of 
identical chirality. Hydrogen bonds from the ammonium 
group of the cation to the carboxylate group of two 
mandelate ions, related by translation symmetry, form 
chains parallel to the c axis. The ions in neighbouring 
chains are related by the symmetry of the 21 axis. 
The third H atom of the ammonium group, HN3, is 
a donor in a hydrogen bond to a carboxylate group 
in a neighbouring chain at one side, and the hydroxy 
group is involved in a hydrogen bond to a carboxylate 
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