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Crystals of n-butylammonium dihydrogenphosphate, C,Ho-
NH;"-H,PO, ™, reveal ferroelasticity at room temperature and
a number of phase transitions when heated up to approxi-
mately 373 K. Some of these phase transitions show hysteresis
effects. All atoms except two H atoms exist in pairs linked by
the lost symmetry operations derived from the prototypic
space group P2/b2,/n2,/a. Each of these two different H atoms
is involved in an asymmetric hydrogen bond between an
oxygen pair. Ferroelastic switching is concomitant with jumps
of these hydrogen species from donor to acceptor O atoms.
The studied structure belongs to the structural family of n-
hexyl- to n-decylammonium dihydrogenphosphates and
differs by localization of alternating layers from n-propyl-
and n-pentylammonium dihydrogenphosphates. The studied
crystal was slightly twinned; the minor domain constituted
approximately 2%.

Comment

The title compound, (I), belongs to the series of n-alkyl-
ammonium dihydrogenphosphates which reveal ferroelasticity
as well as a number of interesting phase transitions. Among
other effects these phase transitions depend on the odd or
even number of C atoms in an alkylammonium chain and
some of these show hysteresis effects (Kroupa & Fuith, 1993,
1994). Several structures have been determined previously:
C2ADP (Kasatani et al., 1998), C3ADP (Kasatani et al., 1998;
Fabry, Kroupa & Cisarova, 2000), CAADP (Kasatani et al.,
1998), C5SADP and C6ADP (Kasatani et al., 1999; Fabry,
Petricek, Cisatova & Kroupa, 2000), CTADP and C8ADP
(Fabry et al., 1997), COADP (Fabry, Petficek, Cisafova &
Kroupa, 2000) and CI0ADP (Oliver et al., 1998). (Hereafter
the notation CnADP will be adopted for n-alkylammonium
dihydrogenphosphates.) All these compounds crystallize in
the space group P2,/n. The prototypic space group of all these
compounds is P2/b2,/n2,/a. In all the compounds there exists a
couple of H atoms which are involved in asymmetric O---O
hydrogen bonds. The ferroelastic switching is accompanied by

hopping of these H atoms from donor towards acceptor O
atoms.

The structures determined so far are similar. Each unit cell
contains two double layers of dihydrogenphosphates which
are mutually bonded by hydrogen bonds, among them being
these with hopping H atoms. In addition, the double layers of
dihydrogenphosphates are bonded by hydrogen bonds to n-
alkylammonium groups via NHj groups. The n-alkyl chains
are separated from each other by van der Waals distances
(Weast & Astle, 1980) and are oriented by their methyl group
outwards the double layers. It was also found that the packing
of n-alkylammonium chains depends on the parity of C atoms.

Despite their similarity, the structures of C3ADP (Kasatani
et al., 1998; Fabry, Kroupa & Cisafova, 2000) and C5ADP
(Kasatani et al., 1999; Fabry, Petficek, Cisafova & Kroupa,
2000) belong to a different structural type in contrast to the
compounds C4ADP (Kasatani et al, 1998) and C6ADP-
C9ADP (Fabry et al., 1997) and C10ADP (Oliver et al., 1998).
This difference concerns the mutual position of the alternating
double layers of dihydrogenphosphates which are merged
among the n-alkylammonium chains. The aim of the present
study was to redetermine the structure of C4ADP as well as to
find out whether the dihydrogenphospates are disordered as
was observed in C’ADP and C9ADP.

It was found that C4ADP belongs to the structural type of
C6ADP-C10ADP. All important structural features of
C4ADP (twinning, hydrogen bonding, hopping of H atoms
and packing of n-alkylammonium chains) are analogous to the
structures which are referenced above. The minor domain
fraction was refined to the value 0.022 (4) which is in accor-
dance with the value 0.023 (1) determined from the compar-
ison of the intensities of the reflection (004) measured from
each of the two domains at 33 different azimuthal angles.

No disorder of dihydrogenphosphates which can be inter-
preted as stacking faults halving the periodicity along the axis
a was observed. Such a disorder may be viewed as a co-exis-
tence of both structural types in a crystal.

It is of interest that this disorder was observed in C7TADP
and COADP but not in compounds with even number of C
atoms in a n-alkylammonium chain.

Experimental

The title compound was obtained by crystallization of n-propylamine
and H;PO, in methanol. A crystal which appeared single-domained
under a polarizing microscope was selected for a diffractometer
measurement.
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Crystal data

C4H,NH;"H,PO,~
M, =171.13
Monoclinic, P2,/n
a=9.1481 (9) A
b=24.877(2) A
c=7225(1) A
B=9082(1)

V =1644.0 (4) A®
Z=8

Data collection

Enraf-Nonius CAD-4-MACHIII-
PC diffractometer

w-26 scans

3844 measured reflections

3574 independent reflections

2828 reflections with 1 > 30(1)

R, = 0.008

Refinement

Refinement on F

R =0.031

wR = 0.042

§=213

3574 reflections

295 parameters

H atoms treated by a mixture of
independent and constrained
refinement

Table 1

Selected geometric parameters (A).

D, =1382Mgm™>

Mo Ko radiation

Cell parameters from 25
reflections

6 =13-14°

w=0299 mm™'

T=292(1)K

Plate, colourless

0.45 x 0.30 x 0.12 mm

emax =27°

h=-11—->11

k=0— 31

I=0—>9

3 standard reflections
frequency: 3600 min
intensity decay: 2.0%

w = 1/[0*(F,) + 0.0001(F,)?]

(A/0)max = 0.01

APimax = 047 ¢ A7

Apin = —043¢ A3

Extinction correction: Becker &
Coppens (1974) type I, Lorentz.
iso.

Extinction coefficient:
1.02 (5) x 107

P1—O11 1.5576 (8)
P1—021 1.5052 (7)
P1—031 1.4996 (7)
P1—041 1.5710 (8)
P2—012 1.5546 (8)
P2—022 1.5687 (7)
P2—032 1.4940 (7)
P2—042 1.5138 (7)
N1—Cl1 1.484 (1)
C11—N1 1.484 (1)
cli—c21 1.500 (2)
C21—-C31 1.513 (2)
C31—C41 1.503 (2)
N2—ClI2 1.482 (1)
Cl2—C22 1.498 (2)
C22—C32 1.516 (2)

C32—C42 1504 (2)
011—HO11 0.73 (1)

041—HO41 0.93 (2)

012—HO12 0.72 (1)

022—HO022 1.01 (2)

o11---032! 2.598 (1)
021---022% 2.542 (1)
031---012 2.582 (1)
041- - -042 2.491 (1)
021-- N2V 2.838 (1)
031---N2" 2.805 (1)
041- - -N2¥ 2.850 (1)
022---N1" 2.980 (1)
032.- N1V 2.786 (1)
042...N1¥ 2.760 (1)

Symmetry codes: (i) x—1,y,z; (ii) x —

%,%—y,%+2; (ii) x—37 y,z—%; (iv)

11_

1-x1-yl-zWl-x1-y -z )i-xy-Ll-z

The structure is a superstructure, and a ferroelastic structure as
well, which can be related to the prototypic space group P2/b2,/n2,/a.

Therefore, the crystal was expected to be twinned though a sample
was chosen which seemed to be single domained when viewed in the
polarizing microscope. The domain fraction f was a refined parameter
which converged to the value 0.022 (4). This value corresponds well
to that determined from 33 pairs of measured intensities of different
azimuthal angle settings of the reflection (004) which were well
resolved from the two domains. The domain fraction determined this
way was 0.023 (1).

Data collection: CAD-4 Software (Enraf-Nonius, 1989); cell
refinement: CAD-4 Software; data reduction: JANA98 (Petiicek &
Dusek, 1998); program(s) used to solve structure: SHELXS86
(Sheldrick, 1985); program(s) used to refine structure: JANA2000
(Petficek & Dusek, 2000); molecular graphics: PICTUR (Dusek,
1993); software used to prepare material for publication: JANA9S.

The support of this study by the grant 203/99/0067 of the
Grant Agency of the Czech Republic is gratefully acknowl-
edged.
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