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Abstract

KD,PO, single crystals were grown from D,0 with reagent KH,PO, and the crystal structure was
determined by X-ray and neutron diffracton methods. The crystals are tetragonal at room temperature,
I42d, with lattice parameters of a=7.4633(7), c=6.9785(5) A and Z=4. Intensity data were collected
on an Enraf-nonius CAD4 diffractometer with a graphite monochromated Mo K, radiation (A=0.7107
A) and on the neutron four circle single crystal diffractometer with Ge(331) monochromated neutron
beamn (A=0.997 A). The structure was refined by full-matrix least-square to final R and wR values of
0.030 and 0.072, respectively, for 204 observed reflections with />20() by X-ray diffraction and to
final R=0.041 and wR=0.096 for 144 observed reflections by neutron diffraction. The O...O distance
of 2.516(4) A obtained by X-ray diffraction is the same as that of 2.515(4) A by neutron diffraction.
On the other hand, the O-D/H distance of 0.84(4) A by X-ray diffraction is considerably shorter than
1.029(7) A by neutron diffraction. Hydrogen and deuterium can be readily distinguished by neutrons.
In this crystal 66% of H-positions were substituted by D and the rest 34% occupied by H. The phase
transition temperature of DKDP obtained with deuteration levels is 193 K. This value agrees fairly
well with the result of DSC measurement. The nuclear density distribution by neutron diffraction pro-
vides an observation of the disordered state of D/H in KD,PO, at room temperature.
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Table 1. Experimental details for X-ray diffraction

study

Crystal data

K(H,.D,),PO,

Mo K, radiation

M,=544.36 A=0.7107 A
Tetragonal Cell parameters from
I42d 25 reflections
a=7.4633(7) A 20=04-34°
c=6.9785(5) A v=388.71 A’
o=p=y=90° 7=4
0.3%0.2x0.2 mm T=293 K
Data Collection
Enraf-Nonius CAD4
Diffractometer 20,,,=80.1°
®/26 scan h=0—13
Absorption Correction : k=0—13
none =0—12

1431 measured reflection
354 independent reflection
204 observed reflection
[I>26(D)]

3 standard reflection
intensity variation :
none

Refinement

Refinement on F*
R=0.030
®mR=0.072
§=0.921

204 reflections
19 parameters

Apmw= 0.39 A7

AP =-0.79 A’

Extinction correction :
none

. Scattering factors from

International Tables for
Crystallography (vol. C)

E FaElelal - AU A A vzl
= anisotropic, A{ARNE isotropic displacement
parameterS- ARE-3lo] A slEie). 2 A= R
e 0.0298, wREES 0.07150100}. A EFA do]
Ele} Aglof] thgt AnbE<] AR Table ¢ A=

Ssict.

2-2. YA EEAH

AAITE XA AR AAE o]Esllen
b EL] A7 Ge(331) DB (A=0.997
AyS o) 83t FAA 45 A AR £s)
sact. Agel A3t A2 =7]= 4.5x4.5%3.5 mm
olgict. R,,=0.0300]v] &35t 3)dd|o]el:= Lorenz
AR BAFAI FlAe sk (st

Z27] AR XA A dejal At
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Table 2. Experimental details for neutron diffraction

study

A4l - A5

Crystal data

K(Hl-xDx)ZPO4

M, =544.36

Tetragonal Ge(331) radiation beam

424 1=0.997 A

a=7.4633(7) A

¢=6.9785(5) A V=388.71 A®

o=p=y=90° 7Z=4

4.5%4.5%3.5 mm 7=293 K

Data Collection

Neutron four-circle

diffractometer at KAERI 26,,,=38.4°

/29 scanq h=-6—10

Absorption Correction : k=-10—10
none =0—9

297 measured reflection
144 independent reflection
140 observed reflection
[I>20(D)]

2 standard reflection
intensity variation :
none

Refinement

Refinement on F
R=0.041
oR=0.096
S=1.158

140 reflections
25 parameters

APrm= 0.05 ¢ A7
Ap,=-0.04 ¢ A®

Extinction correction :

none

Neutron scattering
lengths

from Sears(1992)”
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Table 3. Fractional atomic coordinates and equivalent displacement parameters (;&2). n and X indicate neutron

and X-ray, respectively

Atom X y z Ueq

n 0.019(1)

K X 0.0 0.0 0.5 0.0222(2)
D/H n 0.1481(10) 0.2194(8) 0.1254(31) 0.017(4)
X 0.1423(66) 0.1931(54) 0.1284(100) 0.009(9)
n 0.019(1)

P % 0.0 0.0 0.0 0.0166(2)
n 0.1486(2) 0.0815(2) 0.1256(4) 0.019(1)

X 0.1485(2) 0.0814(2) 0.1257(2) 0.0203(3)
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Fig. 1. DSC pattern of DKDP at the heating rate of
10°C/min.
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Fig. 3. The projected nuclear density map of DKDP
at room temperature.
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Fig. 2. Stereoscopic view of the crystal structure of DKDP. The displacement ellipsoids are drawn on the
50% probability level. K-O bonds are omitted for clarity. The occupation factor of D/H is 0.5.
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Table 4. P-O and K-O bond distances and-Hydro-
gen-bonding geometry (A, °)

[A] X-ray Neutron
P-O 1.538(2) 1.539(2)
K-0 2.829(3) 2.829(2)

2.902(2) 2.902(3)
O-D/H 0.835(40) 1.029(7)
D/H.--O' 1.683(41) 1.486(6)
00 2.516(4) 2.515(4)
O-D/H-O' 175(5)° 179.6(14)°
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