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The crystal structure of ferroelectric NaTh2(POd).s has 
been determined using X-ray diffraction techniques. 
The crystals are monoclinic with dimensions a = 
17.37(2), b = 6.81(l), c = 8.13(I)A, p = 101.03- 
(10)” and belong to the space group Cc. The density 
calculated for Z = 4 is 5.435 g , cmm3; that determined 
by a picnometer is 5.41 g . crnm3. The structure was 
solvend from 913 observed, independent reflections. 
The atomic coordinates and temperature factors were 
refined by full-matrix least squares. The discrepancy 
indices had final values of 7.1% (including unobser- 
ved reflections) and 6.2% (omitting unobserved re- 
flections). The compound may be designated as so- 
dium trisphosphatodithorate. The thorium atom is 
nine coordinated and thorium-oxygen distances are 
from 2.27 to 2.58 A, and phosphorus-oxygen distances 
vary from 1.52 to 1.59 A. The atomic arrangement 
is isostructural with that of KThz(POd)J. The main 
difference in the structures of NaThz(POl).? and KThJ- 
(Pod)3 is the position of the alkali metal atom. The 
potassium atom in KThz(POd)3 is on the special posi- 
tion 0, y. l/4 on the twofold axis in the space group 
C2/c, and the sodium atom in NaThz(POj)3 is out of 
twofold axis for 0.8 A. 

Introduction 

X-ray diffraction data,’ the preparation of single 
crystals and crystallographic data of NaThz(POh)j * 
have been published already. Crystallographic data for 
other alkaline metal salts of thorium phosphates have 
been also reported.3 These compounds are monoclinic, 
space groups C2/c or Cc, Z = 4. Similar values of 
lattice constants and the same space group extinctions 
between all alkaline metal salts of thorium phosphates 
suggest close structural relationship among them. The 
crystal structure of KThz(PO& has been solved in 
centrosymmetric space group C2/c and published re- 
cently.4 NaThl( P04)3 5 and NaUz(P04)3 6 are piezo- 
electric, ferroelectric and therefore noncentrosymme- 
tric, space group Cc. 

(**) The paper was presented at the 8th International Congress of 
Crystallography, Stony Brook, U.S.A., August 1969. 
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Experimental Section 

To obtain single crystals of NaTh2(P04)3 previously 
described preparations were followed.2,3,4 

The crystals are monoclinic, space group Cc (No 9), 
with unit cell dimensions: 

a = 17.37e.02 .& 
b = 6.81k.01 
c = 8.13,.01 
p = 101”3’+10’ 
Dm = 5.41; Dx = 5.435 g/cm’ 
z=4 

The unit cell parameters were determined from oscil- 
lation and Weissenberg photographs with CuKa ra- 
diation. The density (Dm) was determined by a pic- 
nometer with decalin as liquid. 

The three-dimensional intensity data were collec- 
ted on multiple equi-inclination Weissenberg photo- 
graphs using CuKa radiation. Three crystals were 
made spherical by grinding for absorption corrections 
(v = 1133.4 cm-‘). On such ground specimens (with 
the radius of sphere r = 0.081 mm, pr = 9.2; r = 
0.082 mm, pr = 9.3 and r = 0.065 mm, pr = 7.4) 
following zones of reflections were collected: Okl; h01 
to h31 and hk0 to hk4. The relative intensities were 
determined from the optical densities of each spot 
by means of a microdensitometer. The corrections 
for absorption, polarization and Lorentz factors were 
made in the usual way and the structure amplitudes 
derived. The scale factors among the various hkl 
levels of data were improved in the course of struc- 
ture determination. At the later stages of refinement 
the observed structure factors were transformed into 
absolute scale and the mean values were calculated 
for reflections whose intensities were determined se- 
veral times. Weights were assigned using the method 
described by Wiesner and Lingafelter.’ 

Solution and Refinement of the Structure. The ini- 
tial atomic coordinates, corresponding to those found 
in KThz(P04)3: were assumed. The least squares 
refinement cycles were continued in C2/c space group 
and resulted in a high isotropic temperature factor 

(5) M. TopiC. B. ProdiE, and M. %jukiC, Czech. I. Phys., Bf9. 
1295 (1969). 

(6) M. Topii. nnd B. ProdiC, 1. Appl. Cryst., 2, 230 (1969). 
(7) I. R. Wiesner and E. C. Lingafelter, Inorg. Chem., 5, 1170 

(1966). 
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for the sodium atom. In the three-dimensional Fou- 
rier map the sodium atom peak was split, and sug- 
gested that the sodium atoms were disordered. The 
correct space group for NaThz(POd), must be Cc be- 
cause the crystals are piezoelectric.* When a non 
centric model was refined by least squares in the 
space group Cc with all the atoms in general posi- 
tions, some of the isotropic temperature factors were 
negative and the coordinates of phosphorus and oxy- 
gen atoms were shifted so that P-O bond distances 
varied from 1.35 to 1.65 A. Also some oxygen-oxy- 
gen distances between different PO4 groupings were 
also too short, the shortest one was 2.48 A. Since 
these irregularities in distances between the atoms 
could not have a physico-chemical explanation, a fur- 
ther refinement of the structure was attempted in the 
centric space group C2/c with the sodium atoms di- 
sordered about the twofold axis. The atomic coordi- 
nates and temperature factors obtained after several 
full-matrix least squares refinement cycles are listed 
in Table I and the observed and calculated structure 
factors in Table II. The atomic scattering factors 
used were from International Tables for X-ray Cry- 
stallography.8 Both, the real and imaginary, anoma- 
lous dispersion corrections were applied in the atomic 
scattering factor of Th atom. Isotropic thermal para- 
meters for Th and P atoms, listed in Table I, are those 

Table I. Fractional Coordinates for NaTh*(PO,),. Standard er- 
rors are given in parentheses 

Th(l) 

NW 
P(3) 
P(4) 
O(5) 
O(6) 
O(7) 
O(8) 
O(9) 
O(l0) 

X Y Z WA’) 

0.1530( 1) 0.0924( 1) 0.0365( 1) 0.59(3) 
0.0184(31) 0.3883(83) 0.3482(64) 7.5 (1.4) 
0.3120(4) 0.0828( 10) 0.3 130(8) 0.7 (1) 

-0.1041(14) l/4 1.1 (2) 
0.0:52(11) 0.0297(31) 0.2530(26) 1.5 (4) 

-0.0240( 13) -0.2231(38) 0.0889(30) 2.2 (4) 
0.2270( 10) 0.0517(26) 0.3310(21) 0.6 (2) 
0.3619(10) -0.1017(28) 0.3392(23) fl.9 (3) 
0.2998(q) 0.1502(26) 0.1249(20) 0.5 (3) 
0.3486( 11) 0.2644(34) 0.4127(26) 1.7 (4) 

The anisotropic thermal parameters of Th and P atoms are 
of the form T=exp-(e,,h’+Pnk’+P,,P’+ 2&hk+2PI,hl+2P2,k!). 
Each thermal parameter is multiplied by 10”. fiL2 and pZ1 for 
P(4) are required to be zero by symmetry. 

Th(l) Xl) 2W) 331) O(O) 7(l) l(1) 
P(3) lO(2) 30(12) 22(8) -7(4) 7(3) 3(9) 
P(4) 7(3) 37( 18) SO(15) 0 8(5) 0 

R, = Z IIF./-_IF,II/ C IF,/ = 0.071 (including unobserved 
hkP hkP reflections) 

R2 = ): IJF,I-_IF,/J/ Z IF01 = 0.062 (omitting unobserved 
hkP hkP reflections) 

obtained at R2=0.067 (omitting unobserved reflect- 
ions) before anisotropic temperature factors were adop- 
ted. -Anisotropic temperature factors for Th and P 
were refined in the final stages of refinement. The 
refinement cycles9*‘0 and the calculation of bond 

(8) International Tables for X-ray Crystallography, Vol. 111, Birmin- 
gham: Kynoch Press (1962). 

lengths and angles”,‘* were carried out on the IBM 
360-67 computer at the Washington State University 
Computing Center’.” and on the CAE 90-40 computer 
at the Institute of Mathematics Computing Center 
(University of Zagreb).‘“,17 Table III gives the inter- 
atomic distances and angles obtained from the atomic 
coordinates in Table I. At this time it was found that 
the crystals of NaTh2(P04)J possess ferroelectric pro- 
perties. The samples investigated were thought to be 
polydomain crystals, and the observed structure an 
average. Several attempts were made to distinguish 
the positions of the sodium atoms in the domains as- 
suming that the samples investigated were two-domain 
crystals and that all atoms except sodium met the sym- 
metry requirements of C2/c. None of these models 
was significantly better on Hamilton’s testI than the 
disordered model. 

Description and Discussion of the Structure 

Th3 main features of the structure of KThz(PO& are 
repeated in NaThz(PO&. All PO4 tetrahedra are di- 
screte groups with no oxygen atom common to two 
phosphorus atoms, as is obvious from the formula of 
compound. Each oxygen atom, in addition to being 
bonded to a phosphorus atom, is also attached to the 
thorium atom. The packing of thorium atoms and 

Figure 1. The structure of KThl(POI), and symmetry ele- 
ments projected down the c-axis. Oxygen atoms from the 
phosphate groups are connected by full lines. Oxygen 
atoms O(6c) and O(6m) belong to two different phosphate 
groups related by symmetry operation of twofold axis. 

(9) D. Anderson, A local version of the W. R. Busing, K. 0. Marlin 
and H. A Levy, ORFLS. A fortran crystallographic least squares pro- 
gram. U. S. Atomic Energy Commission Report ORNL-TM-305 (1962). 

(IO) S. Polif, A local version of the W. R. Busing. K. 0. Martin 
and H. A. Levy, ORFLS, A fortran, crystallographic least squares pro- 
gram. U. S. Atomic Energy Commission Report ORNL-TM-305 (1962). 

(11) D. Anderson. A local version of the W. R. Busing. K. 0. Mar- 
tin and H. A. Levy, ORFFE. A fortran crystallographic function and 
error program. U.S. Atomic Energy Commission Report ORNL:TM 
306 (1964). 

(12) B. Zelenko and D. TrupZeviC. private communication. (19h8). 
(13) W. C. Hamilton, Acfa Crysf., 18. 502 (1965). 
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Table II. Observed, FO, and calculated, FC, structure factors 

1 3 -3 ,337 -12OP 3 3 -1 2605 -2609 
1, 4 0 171 33 * 865 587 
1 3 -4 836 -731 3 3 -* ,296 ,191 
1 3 5 2710 -2717 3 1 3 2355 2405 
L 3 -5 ,365 1,*, 3, -3 ,608 -ML8 
1, 6 278 lZ8 ,, 4 996 865 
1 3 -6 L82 -Ml 3 3 -4 538 ,91 
1 3 7 1970 -1911 ,3 5 ,168 ,021 
1 3 -7 2138 1863 3, -5 1719 -4899 
13 8 698 565 3, 6 549 ,84 
1 3 -8 355 -27, , , -6 0 -17, 
1 3 9 4‘2 -486 3, 7 2914 2757 
1 3 -9 2253 2222 33 -, ,197 -2988 
1 5 0 21*3 -2064 3, 8 0 -207 
15 1 0 -509 3 3 -8 296 -340 
1 5 -1 0 -217 3 3 9 ,320 ,016 
1 5 2 ,329 -1099 ,, -9 *I,, -*LB 
1 5 -2 ,206 -3155 35 0 ,412 ,379 
1 5 3 1513 -1292 35 1 594 -386 
1 5 -3 ,213 -1160 3 5 -1 731 -606 
1 5 1 1100 1.284 ,5 * 466, 1701 
L 5 -4 4907 -4631 3 5 -* ,805 ,681 
1 7 0 ,339 -1254 35 3 903 948 
L 7 1 226, 2226 3 5 -3 647 -656 
1 7 -1 2205 2175 3 5 4 2818 26LL 
1, 2 993 -933 35 -1 ,665 ,421 
1 7 -2 ,651 -1555 ,7 0 ,847 ,793 
1 7 3 302.9 291, 37 1 0 *9 
1 7 -3 691 190 3 7 -1 ,177 ,*a 
1 I 4 1009 ILOZ 37 * *55* 2477 
17 4 2185 -2277 ,7 -* L8,7 lb** 
L 0 0 ,313 -2654 ,7 3 ,113 -1oo* 
* 0 * 4196 -5075 37 -3 2038 1968 
* 0 -2 1785 1457 37 1 1299 ,164 
L 0 1 ,5,* -3682 3 7 -1 892 855 
* 0 -4 2908 ,111 4 0 0 ,717 -1118 
* 0 6 ,90, -5215 IO 2 1988 -1999 
2 0 -6 ,282 ,079 10 -* 6877 -7102 
* 0 B 2169 -PI91 40 I 0 -99 
* 0 4 ,,OL 4020 4 0 -1 1576 -17,7 
L 0 ,O ,002 -1086 4 0 6 2252 2279 
2 0 -LO 1694 ,902 4 0 -6 ,713 -1095 
* 1 0 ,542 -1180 10 8 2705 *Sib 

2 2 1 272, -2810 
2 2 -1 6lOO. -6790 
* * * 1774 -,,*I 
** -* 0 *,, 
* * 3 2408 -2625 
** -3 4564 -.?04 
* * 4 1118 -1136 
L 2 -4 ,084 1039 
** 5 9:) -860 
* * -5 P865 -,0*4 
2 * 6 2119 -1971 
2 * -6 ,080 ,,,a 
2 2 7 lb94 1574 
L I -7 1007 -891 
22 8 806 .;;; 
* * -8 19*5 1809 
* * 9 ,776 18Zh 
* * -9 506 499 
* * -LO 817 785 
* I 0 ,5,1 ,,Bb 
* 4 1 260, -1629 
* I -1 *107 -1236 
P 4 * **o* 1499 
*, -* 0 -327 
* 1 3 ,998 -LB*0 
I4 -3 1912 -*590 
L I I L15.9 *0*4 
* I -4 14*9 -LIZ0 
I6 0 1319 ,434 
* 6 I 772 9LB 
* 6 -I L&o* ,4*0 
* 6 * ,190 L948 
2 6 -* ,289 -1076 
26 3 99, 927 
* 6 -3 959 105, 
* 6 I 2976 2772 
* 6 -4 ,670 -,SOB 
28 0 360 385 
* 8 I 2346 *,*, 
t 8 -1 ,437 ,470 
P8 * 0 -108 
* 8 -* 545 -282 
2 8 , ,311 ,581 
2 8 -3 ZOZB *,,, 
3 L 0 ,567 -3723 
,* L 0 -427 
, I -1 1770 -145, 
3 1 * N.1 -5840 
3 1 -* ,761 -4486 
3, 3 I,*6 Ill* 
,L -3 ,834 -1989 
3 1 I 2589 -2722 
3 1 -4 ,842 -1966 
, I 5 ,904 ,909 
3 I -5 L858 -3128 
31 6 1569 -153, 
3 L -6 0 566 
3 L 7 ,790 ,780 
31 -7 ,753 -1807 
, 1 8 0 -195 
3 , -8 l.466 ,380 
, 1 9 1789 ,779 
3 L -9 1545 -1303 
3 1 -10 ,700 ,733 

33 0 0 377 

33 1 799 -493 

..__________......._.... 
I, K L LOT=0 LOFC 

. ..___..._.......______. 

I 0 -8 ***o -,*,i 
4 0 -10 493 414 
4 2 0 ,510 -Lb,6 
1 2 1 ,654 ,884 
4 * -1 2190 *loo 
4 * I ,123 -992 
4 * -* *xl* -2183 
I * 3 ,889 4091 
4 * -3 43. 132 

4* 1 39, -105 
4 * -4 IS,9 -1462 
4 2 5 1510 1740 
I * -5 1769 -1743 
a* 6 899 934 
1* -6 ,506 -1402 
42 7 ,750 ,675 
4 2 -7 *8*, -2685 
4 2 8 lOLO 961 
4 * -8 81, -714 
42 9 766 80, 
4 2 -9 LB32 -1994 
4 * -LO 211 -6 
44 0 2329 ZZ5.L 
44 1 ,052 ,04* 
I I -1 196, 2036 
4 4 2 I,48 ,504 
4 4 -* ,156 ,296 
4 1 3 1515 2522 
4 I -, 0 -166 
41 1 0 82 
4 I -4 *,a *,1* 
4 6 0 2791 i741 
4 6 I 1304 -1194 
4 6 -, 660 -490 
46 * 989 ,016 
4 6 -* 1110 a,07 
16 3 1096 -104, 
1 6 -3 289 -**4 
46 4 0 -5~ 
16 -4 2713 2679 
48 0 *,9 111 
18 L *66, -*6,4 
4 8 -1 1399 -14L8 
48 * 0 -52 
*LB -* 0 ZL7 
4 8 3 2265 -2360 
4 8 -3 294 Z,b 
SL cl 0 -*,9 
5 L 1 ,619 ,570 
5 1 -1 ,784 ,806 
5 , * 2369 2479 
5 L -* ,351 -1196 
5 1 3 1868 1852 
5 L -3 2256 **,6 
5 L 4 ,586 ,618 
5 I -4 ,I,2 -,*90 
5 1 5 ,017 ,043 
5 1 -5 ,410 ,603 
5 1 6 L948 LO, 
5 1 -6 ,495 -3612 
51 7 0 -89 
5 1 -7 470 558 
5 1 8 214, 2171 
5 I -8 2660 -2568 
51 9 83, -906 
5 1 -9 782 -712 
5 I -LO 2028 -2195 
53 0 0 -,I 
5, I 5586 6159 
5 3 -I 4715 *91, 
5, * 0 -LB0 
5 3 -* 0 427 
5, 3 **,7 **,, 
5, -, 4469 I,,9 
5, 1 13,s -**9* 
5 3 -1 399 362 
5 3 5 ,056 10*5 
5 3 -5 1789 ,720 
53 6 269 -,47 

5, -6 109, 945 
5, 7 18, -.?06 
5 3 -7 0 IZO 
5 3 8 411 -319 
5 3 -8 41, *,a 
5 3 -9 ,*,5 -LO83 
55 0 0 -*,* 
55 L 719 855 
5 5 -1 590 74, 
5 5 * ,588 -1569 
5 5 -* ,766 ,119 
55 3 440 141 
5 5 -3 IL81 IO,8 
5 5 4 ,626 -34LO 
5 5 -4 ,098 Zb57 
5, 0 0 -180 
5 7 I 1912 -2860 
5, -1 **55 -2281 
5, * 1306 -1248 
5 7 -1 668 577 
5, 3 ,583 -1606 
5 7 -3 *5,* -211, 
5 7 I 1558 -1518 
5, -4 175, ,7,* 
6 0 0 61,, 6665 
6 0 * ML0 6,LS 
6 0 -1 1071 ,881 
6 0 1 ,911 ,080 
6 0 -1 I**: -169 
6 0 6 187, 

1, I( L *or0 LOFC 
. . . . . . .._......__.._._. 

6 0 -6 734 -I)** 
60 8 6411 606 
6 0 -8 2941 -*,99 
6 0 -10 ZJLL -*i4, 
6 * 0 1290 LL78 
62 I ,599 !640 
6 * -I 240L 1758 
6 L * 119* ,561 
6 * -* ,516 ,491 
6 * 3 538 -559 
6 * -3 4956 505, 
6 2 1 ,456 ,476 
6 * -4 831 650 
6 * 5 **70 -***o 
6 * -5 ,400 ,108 
6 * 6 ,198 ,193 
6Z -6 0 -145 
6 * 7 Z8L4 -*7*, 
6 * -7 ,470 ,514 
t.2 8 430 ,,4 
6 * -8 LZ95 -1336 
6 * 9 ,*14 -1795 
6 L -9 L,,O ,371 
6 * -LO 947 -980 
6 4 0 ,296 -3370 
6 1 1 1346 952 
6 4 -1 1910 *0,, 
6 4 * **7, -LZ69 
6 1 -* 1318 -1042 
64 , 0 -387 
6 1 -3 ,908 ,636 
6 I I **o, -2629 
6 1 -4 1,5, -749 
6 6 0 ,749 -378, 
66 I 0 -156 
6 6 -I 1196 -96, 
6 6 * *96, -287, 
6 6 -1 1743 -1749 
66 3 255 **0 
6 6 -3 1672, -117, 
6 6 4 ,037 -,*5* 
66 -4 0 -326 
68 0 208 -97 
68 1 759 -506 
6 8 -I ,,*a -1779 
68 * 0 -8, 
6 8 -* 387 -*19 
6 6 -3 ,037 -303L 
7, 0 373, ,897 
1, , 1871 -1876 
7 I -I 736 -8,s 
7, * 2781 **,* 
7, -* 4960 48Sl 
71 , 2574 -*5,0 
7 L -3 345 15, 
71 4 666 580 
71 -4 ,95, 4100 
7, 5 ,561 -I,,8 
7 L -5 ,399 ,**9 
7 1 6 741 -607 
7, -6 ,504 ,496 
7, 7 ,959 -1835 
1, -7 2109 ZL87 
7 1 8 ,643 -1541 
7 I -8 659 650 
71 9 806 -910 
71 -9 ,580 L&LO 
7 1 -10 ,,, -185 
73 0 ,617 -1502 
73 1 2749 -2818 
7 3 -1 648 -628 
7 3 * 0 -152 
7 3 -* 92, -614 
7, 3 4580 -4851 
7 3 -, 1307 1,4, 
73 4 0 -L89 
7 3 -4 858 -705 
7 3 5 ,,OL -2851 
73 -5 2769 L640 
7, 6 23, 249 
, 3 -6 0 -109 
73 7 LB85 -2925 
7, -7 ,454 ,353 
7, 8 195 140 
7 , -8 28, -293 
7, -9 2360 243, 
75 0 ,710 -3805 
75 1 0 -183 
7 5 -I 407 -537 
75 * LO50 -2057 
75 -* ,54* -3410 
75 , 710 -76rl 
7 5 -3 314 -22, 
75 1 712 -757 
75 -1 1431 -1199 
7, 0 ,880 -LB89 
77 , ,654 ,600 
7 7 -1 0 316 

77 * ,596 -1407 

,7 _* I,,, -1bM 
77 3 **I* *,37 
7 7 -, 347 -,59 
77 4 ,94 -170 

77 4 ZOL9 .*001 
8 0 0 ,1*0 719 
8 0 * ,584 -1704 
8 0 -* ,823 ,013 
8 0 , *658 -1607 
8 0 4 4Le.L 4069 

8 0 6 ,457 -1349 
8 0 -6 4OL4 ,835 
8 0 8 L389 -2528 
6 0 -8 ,770 ,701 
8 0 -10 ,142 1364 

I,* 0 0 -95 
8 L I ,49L -345, 
8 L -I 5668 -6000 
(12 L 619 -490 
8 * -L l66Z ,548 
8 * 3 ,441 -3595 
8 * -3 2549 -*463 
8 L 4 107, -1028 
8 * -4 L,5, LZ48 
8 L 5 ,917 -1893 
8 * -5 820 -787 
8 * 6 1,1* ->**a 
8 L -6 1936 174, 
82 , 382 -*95 
8 2 -7 591 504 
82 8 97L -96, 
6 * -8 ,667 156, 
8 * -9 1679 173, 
84 0 48, -505 
8 4 I 2417 -2516 
8 I -1 ,669 -9606 
8 4 .* ,097 ,098 
8 I -2 ,520 -1545 
8 4 3 L794 -2812 
8 I -3 16,s -1196 
8 4 1 114, 1,*4 
8 4 -1 2951 -189, 
86 0 692 -574 
86 1 8,1 918 
8 6 -1 ,367 I*68 
86 P 961 906 
6 6 -2 1233 -*,11 
8 6 3 ,255 ,,*5 
8 6 -3 ,015 902 
8 6 1 LOO5 1909 
8 6 -4 ,015 -2858 
88 0 489 *3* 
8 8 1 216, *,50 
8 8 -1 2578 2978 
88 * 0 -118 
8 8 -* 318 -316 
9 I 0 2551 -1581 
; : -1 1 *5*, ,5,0 -1139 4407 
9 L * 4056 -4069 
9 L -2 1916 -1874 
91 3 0 -*,s 
9 1 -3 2373 -2286 
9 1 4 L970 -*91e 
9, -1 0 236 
91 5 64, 587 
9 1 -5 *949 -2909 
9 1 6 2525 -*4,9 
9 1 -6 2474 *5,4 
9 1 7 ,,6* ,086 

9 L -I 1*41 -LO55 
9 1 8 ,081 -1065 
9 I -8 2412 **** 
9 L -9 716 -53, 
9 1 -10 17L9 LLLB 
9, 0 7,* 648 
9 3 , 2395 -L4LIB 
9 3 -1 ,996 -407, 
9 3 * 50, 5t7 
9 3 -* 707 652 
9 3 , 0 113 
9 I -3 ,9,9 -3787 
9, 4 0 ,68 
9 3 -4 410 -101 
9 3 5 ,**I ,169 
9 3 -5 4615 -4858 
9, 6 776 735 
9, -6 0 -195 
9, 7 1740 ,680 
9 3 -7 174, -1810 
9, 8 0 125 
9 3 -8 668 -616 
9 3 -9 797 -87, 
9 5 0 2301 *,09 
9 5 1 ,090 -928 
9 5 -1 387 -658 
9 5 * ,835 ,B,L 
9 5 -* ,517 ,427 
95 , 0 1,s 
9 5 -, 134 -561 
9 5 1 2570 *691 
9 5 -4 648 -4.L 
9 7 0 1276 I,11 
9 7 , 1329 ,168 
9 7 -, L356 1.66 
9 7 * 2054 L1,B 
9 7 -* 725 576 
9, 3 0 79 
9 7 -, ,914 2018 
9 7 -1 318 146 

10 0 0 ,196 -4269 
LO 0 1 ,297 -,55, 
LO 0 -?. 5932 -6308 
10 0 , ,961 -18,O 
10 0 4 ,018 -291, 
100 6 0 200 
10 0 -6 ,723 -1698 
10 0 8 *lo* ILO, 
10 0 -8 5,7 139 

________________________ 
H K L *OF0 1OPC 
________________________ 

10 0 -10 ,132 1809 
LO * 0 1583 -*so* 

10 * I 1649 ,5*0 
LO * -, 709 ,9L 
10 I L ,581 -,,,* 
10 * -2 **9* -2011 
LO * 3 LL,, LO91 
10 * -1 *14, -**,6 
LO L 1 109. -97, 
10 * -1 915 -805 
LO * 5 ,879 ,a,* 
LO * -5 ,,Lb -,,a* 
LOL 6 0 ,rl 
LO L -6 95* -869 
10 * 7 POOL *,56 
10 L -7 187, -2921 
LO L -8 257 -260 
LO L -9 2830 -,,L, 
LO 4 0 1074 **** 
10 4 1 ,455 ,119 
LO 4 -1 0 ,** 
LO I 1 *a,* *,99 
LO 4 -* P99, ,916 
10 I 3 ,618 ,665 
10 1 -3 2068 -LOB, 
10 4 I ,L89 L,,, 
10 1 -4 *Lo, ,847 
10 6 0 2893 ,046 
106 , 42, -500 
10 6 -1 0 81 
10 6 * P654 253, 
10 6 -L ,827 ,814 
106 , 816 -73, 
10 6 -3 ,,, 334 
LO 6 1 1006 ,107 
LO 6 -1 1338 ,818 
L, L 0 ,988 -185, 
L, , L L85.2 L58, 
L, L -, 11*9 LIP, 
,I, * 0 128 
,, , -I ,076 -,OO* 
IL L 3 1908 LB*8 
,* 1 -3 ,520 ,157 
I, I 4 166, 16,L 
I, I -1 ,420 -,2,6 
1, 1 5 ,667 ,5** 
1, 1 -5 908 718 
1, 1 6 ,940 ,805 
I, , -6 I*,, -105, 
,A, 7 805 ,** 
LI 1 -7 ,170 -LO63 
,I 1 -6 1748 -1657 
,, L -9 ,478 -1476 
,I, 0 0 LB0 
II 3 1 5*0, 5308 
11 3 -1 *a*, 275, 
,I, 2 0 216 
,1 3 -2 498 616 
,I 3 3 ,068 ,071 
1, 3 -3 2092 1890 
1, 3 4 246 -,a 
,l 3 -1 899 747 
1, 3 5 PLO, *,*4 
1, 3 -5 554 L89 
,I 3 6 659 -6*, 
,, 5 -6 82, 64, 
,I, 7 988 ,076 
,* 3 -7 *,09 -2072 
11 3 -6 284 41, 
11 3 -9 **GO -2106 
11 5 0 ,,64 ,153 
1, 5 , ,105 LO,1 
I, 5 -1 371 509 
,I5 * 0 -12, 

LL 5 -* 275, 2779 
,,5 3 314 5,6 
II 5 -3 480 376 
,* 5 4 ,285 -1240 
,I 5 -4 ,119 3096 
117 0 99L ,054 
,, 7 I 2123 -2598 
,, 7 -1 ,601 -,6** 
,I 7 I 557 -541 
,I 7 -I ,617 1184 
L, , -3 ,,60 -**09 
L1 7 -4 ,5,, ,685 
LL 0 0 2496 *lb, 
LZ 0 I ,261 ,150 
,* 0 -* 6,I -196 
LL 0 4 ,801 rl659 
** 0 4 19% -1805 
,* 0 6 2015 LOO0 
** 0 -6 ,068 -2850 
I* 0 -* ,034 -2952 
,* 2 0 ,107 ,OBl 
,* P I L66, *688 
12 * -I ,295 ,*I8 
,** * 805 63, 
,* * -* 548 581 
L.? 2 3 1690 ,628 
12 * -3 ,650 ,786 

,* L I 1809 16,s 
11 * -1 701 -561 
*** 5 66, -638 
12 * -5 *5*9 **15 
Lz.1 6 85, a,, 
12 t -6 ,320 -1157 
,* I 7 ,261 -I,*, 
12 L -7 a60 ,919 
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The present paper describes without any ambiguity 
the structural model of a hitherto unknown ferroelec- 

the least squares refinement, are probably under esti- 
mated. More precise structural studies of a monodo- 

tric compound . Bond lengths and angles do not re- 
present the absolute truth because they were obtained 

main ferroelectric sample stabilized by an electric field 

on the assumption that the shifts of atoms in domains 
are planned in order to give more accurate values for 
bond lengths and angles and to completely explain why 

do not have significant value. The standard deviations 
of bond lengths and angles, which were obtained from 

the crystals of NaThz(PO& exhibit ferroelectric pro- 
perties. 
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