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The structure of N2HrZrF6 has been determined by single-crystal X-ray diffraction methods. The mono- 
clinic unit cell with a = 8" 13, b = 12.16, c = 5"42/~, fl = 101" 5 °, contains four formula weights of N2H 6ZrF6. 
In space group C2/m (Can), No. 12, one symmetrically independent F atom and one N atom occupy 
general positions, two F atoms and the Zr atom occupy special positions on the mirror plane and two 
F atoms lie on the twofold axes. Zr is eightfold coordinated by fluorine atoms at an average distance of 
2.12 A in the shape of a bicapped trigon,'d prism. Each prism shares edges with two neighbouring 
polyhedra forming, along the [001] direction, infinite zigzag chains which are held together by N-H-  • • F 
hydrogen bonds. The N - N  distance in the N2H6 z÷ ion is 1"41 A. 

Introduct ion 
h k l  

The prepara t ion  and investigation of  hydrazinium flu- 2 4 0 
oro complexes of  transit ion metals using hydrazinium 0 2 2 
difluoride as a fluorinating agent were started some 2 0 
years ago at the Nuclear  Institute 'Joker Stefan'  in 1 5 0 
Ljubljana,  Yugoslavia.  Numerous  novel hydrazinium 2 4 I 
fluoro complexes were prepared (Slivnik & Volav~ek, 3 3 0 1 3 2  
1968; Slivaik, Smalc, Sedej & Vilhar, 1964) and 2 2 
the crystal structure determinations of  some of  3 1 1 
them [NzH6ZrF6, NzH6TiFr, (NzHs)2TiF6.2HF and 3 3 T 1 5 i  
(N/Hs)3CrF6] were undertaken.  The structure of  2 4 1 
NzH6ZrF6 was solved to establish whether isolated 1 5 1 
[ZrF6] 2- ions with six-coordinated zirconium, or ZrFs 1 3 2 
units (formed by sharing of  fluorine atoms) with eight- 3 1 
coordinated zirconium are present. 2 0 2 0 6 0  

In this paper  the crystal structure of  NzHrZrF6 is 4 0 ] 
presented and isomorphism between this compound  0 4 2 
and its H f  analogue is established (Table 1) f rom the 4 0 0 

3 3 1  
close similarity of  their powder  photographs.  2 2 2 

Table 1. X-ray powder data for N2H6ZrF6 and 

h k l  
1 1 0  
0 2 0  
0 0 1  
l l T  
0 2 1  / 
2 0 0  
1 1 1  
1 3 0  
2 0 i  
2 2 0  
1 3 T  
0 4 0  
2 2 T  
1 3 1  
2 0 1  
0 0 2  
3 1 0 ]  
1 1 2  
2 2 1  
0 4 1  

N2H6HfF6 

N2HrZrF6 
do dc 

6.70.~ 6.66/~ 
6.08 6.08 
5.21 5.31 
4.53 4"54 

4.00 
4-03 3.98 
3.89 3.85 
3.62 3"61 
3.54 3.54 
3-35 3.33 
3.12 3.12 

3.04 
3-05 3.06 

2.88 2-90 2.92 
2"67 2.66 

2.59 
2"62 

2.62 2.63 
2.64 

NzH6H.fF6 
I do I 
40 6.70 A 70 

100 6.07 100 
1 5.33 - 

25 4"51 25 

1 4"01 2 

80 3"90 50 
10 3"62 10 
30 3"52 25 

5 3"34 2 
1 3.12 3 

15 3"04 25 

1 2-88 3 

20 2"66 25 

2 4 ~  
4 2 i  
4 2 0  
0 6 1  
3 3 ~  
2 6 0  
1 5 2  
3 5 O  
1 1 3  

2 2.61 10 

Table 1 (cont.) 

do arc I do I 
2.42 

2-43 2"43 5 2"43 3 
2-45 

2"31 2-33 3 2-30 5 
2"31 
2"22 

2.25 2.24 2 2"23 4 
2"27 
2"17 

2-18 2-18 15 2.18 7 
2-18 

2.12 2"11 2 2-12 2 
2"10 2"09 3 2"09 3 

2.05 
2"06 2"07 20 2"05 7 

2"03 
2-03 2.03 2 

2"03 2.00 2 
2"00 2.00 2 
1"99 
1 "94 

1 "95 1 "93 3 1 "95 3 
1-91 
1.90 

1"91 1"89 15 1"90 7 
1"89 

1"86 1"86 1 1"85 1 
1"81 
1 "80 

1.81 1"79 15 1-80 7 
1"79 

E x p e r i m e n t a l  

(NH4)2ZrF6 (Wolter,  1908) has been known for some 
years, but  N2H6ZrF6 (Slivnik et al., 1964) was prepared 
recently by mixing equimolar  solutions of  ZrO2 and 
N z H 6 F / i n  HF.  The colourless crystals of  NzH6ZrF6 
belong to the monoclinic holohedral  class (Fig. 1) with 
a=8.13_+0.01,  b = 1 2 . 1 6 + 0 . 0 3 ,  e = 5 . 4 2 + 0 . 0 1  A, 
f l=101.5 +0.3 ° , 
V=525.1 A 3 
Dm = 3"00, De = 3"02 g.cm -3 
Z = 4  
Cu K~ radiat ion, /z  = 191.6 cm -x. 
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The systematic absences 

hkl for h + k  = 2 n +  1 
hOl for (h = 2n + 1) 
0k0 for ( k = 2 n +  1) 

indicate C2, Cm and C2/m as possible space groups, 
but only C2/m is in agreement with the negative piezo- 
electric test and this space group was confirmed by solu- 
tion of the structure. 

The density was measured at 25 °C pycnometrically 
with decalin as the liquid. Equi-inclination Weissenberg 
photographs were taken using filtered Cu Ke radiation 
and the multiple-film technique (four films), and 693 
independent reflexions were recorded. Intensities were 
estimated with a microdensitometer. To facilitate the 
calculation of absorption corrections, the crystals were 
ground to a sphere (r = 0.024 cm) for collecting the data 
along the [100] and [010] directions, and to a cylinder 
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Fig. 1. The crystal of N2HaZrF6 with the following forms: 
c{001}, b{010}, m{ll0}, z{~[01 }, p{lll}, e{il 1 }. 
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Fig. 2. The chain of bicapped trigonal prisms in the [001] 
direction. 

(r =0.014 cm) for the [001] direction. Absorption, Lo- 
rentz and polarization corrections were applied. 

The NEH6ZrF6 crystals used were of poor quality. 
At first sight they looked perfect, but they actually con- 
sisted of a number of smaller crystals with almost the 
same orientation. 

Structure determination 

Since there are four formula units in the unit cell of  
C2/m symmetry, the zirconium atom at least must be 
placed in a special position. From a three-dimensional 
Patterson synthesis the position of the Zr atom on the 
mirror plane 4(i) was deduced, but the x and z coordi- 

Table 2. Final coordinates and anisotropic thermal parameters ( x 104) with e.s.d.'s (in parentheses) 

The termal parameters refer to the expression: exp [ -  (ill 1 h2 +fl22 k2 + fl33/2 + 2fll2hk + 2fl13hl+ 2f123kl)]. 
x y z fill fl22 /~33 ill2 ill3 fl23 

N(1) 4714 (18) 1790 (10) 3682 (18) 
F(2) 7551 (12) 1658 (8) 1974 (13) 54 (15) 40 (7) 235 (23) 26 (10) -16  (13) 2 (10) 
F(3) 0 988 (20) 0 526 (84) 50 (18) 1737 (157) 0 758 (115) 0 
F(4) 0 1011 (17) 5000 150 (40) 29 (15) 794 (79) 0 - 170 (36) 0 
F(5) 3243 (29) 0 919 (22) 344 (54) 30 (10) 183 (45) 0 134 (37) 0 
F(6) 6849 (20) 0 4284 (19) 113 (28) 19 (9) 204 (32) 0 18 (21) 0 
Zr(7) 1538 (2) 0 -2074 (2) 49 (3) 22 (1) 68 (4) 0 6 (2) 0 
R = XIIFol - I Fcll/XlFol = 0.087 (including unobserved reflexions) 

hkl  hkl  
=0.086 (omitting unobserved reflexions) 

B 
3"5 (0.2) A2 
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hates could not be uniquely determined. The ambiguity the reflexions with a high contribution from Zr were 
was removed by means of a P(x0z) Harker section, included. From this map the preliminary positions of  
With the signs of  structure factors based on the position five symmetrically independent F atoms and one N 
of the Zr atom alone the first three-dimensional elec- atom were determined: one F atom and the N atom in 
tron density map was prepared. In this synthesis only general positions 8(j), two F atoms on the mirror plane 

Table 3. Observed and calculated structure factors 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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2 0 0 497 -518 7 7 
4 0 0 110 15 0 8 
6 0 0 918 761 Z 8 
8 0 0 193 ZZO 4 8 

10 0 0 4 1 8  - 4 0 2  6 8 
1 1 0 849 899 8 8 
3 1 0 531 -567 1 9 
5 1 0 88 46 3 9 
7 I ' o 664 659 8 9 
9 1 0 319 -309 7 9 
0 2 0 1 6 4 7  1 7 3 0  0 10 
Z Z 0 7O4 - 6 1 0  Z 10 

Z o 1 0 0 5  -I058 4 10  
2 0 999 945 6 10 

8 Z 0 72 - 5 6  1 11 
10 2 0 396 -337 3 11 

1 3 0 64O 712 5 11 
3 3 0 8 1 6  - 8 8 3  0 IZ  
5 3 0 167 -79 2 12 
7 3 0 678 6SO 4 12 
9 3 0 318 -385 6 12 
0 4 0 1 0 9 7  1 0 4 5  l 13  
Z 4 0 786 -076 3 13  
4 4 0 I Z 0 4  - 1 1 6 9  0 14  
6 4 0 098 796 2 14 
O 4 0 119 -106 4 14 
1 5 0 94 -Z04 '1 15  
3 5 0 1116 - I 1 4 4  2 0 
S 5 0 301 -ZOO 4 0 
7 5 0 4 3 4  4 4 0  6 0 
9 5 0 Z73 -3o5 O 0 

286 3O8 7 7 2 • 386 -358 
322 141 Z 8 Z -673 646 
?30 ?Zl 4 0 2 za? 147 
694 -6OZ 6 8 2 470 -469 
211 -123 1 9 2 261 -279 
3 9 3  4 5 3  3 9 Z 783 854 
440 4 3 0  5 9 Z 407 - 3 7 6  
116 56 7 9 2 251 - Z 1 1  
6 9 0  - 7 0 8  Z 10 z 536  5 6 8  
4 0 4  4 0 9  4 lO  2 183 184 
118  9S 6 I0 Z 40Z -408 
551 557 1 11 Z 84 -8O 
572 -593 3 I I  2 699 675 
150 - 1 4 3  5 11 Z 190  -Z20 
7O8 6 9 4  Z 12 2 598 536 

72 -132 1 13 2 52 -139 
397 -4ZZ 3 ~3 2 428 430 
247 188 2 14  2 325 3 0 3  
306 485 1 1 -2 7Z0 -726 
4 8 6  -399 Z 2 -2 745 -744 

78 -118 4 Z -Z 1 3 0 5  1191 
1 872 S84 6 Z -Z 4~t  -4SS 

93 -69 8 2 -2 517 -402 
1 Z l l  148 10 2 -2 5SO 40Z 

397 423 1 3 -2 6O3 -593 
1 336 -290 3 3 -Z 65O 610 

3 4 3  35O 5 3 -2 402 391 
1 7 5 8  697 7 3 -Z  574  - 6 4 3  

847 •-905 9 3 -2 301 258 
1 265 - 3 1 1  2 4 "-2 99T - 9 5 4  

688 593 4 4+ - 2  1 0 0 2  lOZ6 
0 6 0 1 8 5 5  1 8 1 4  2 0 - 1  1 8 5 4  - 1 9 0 2  6 4 - Z  543  - 5 5 4  
2 6 O 9 9 0  - 1 0 3 9  6 0 -1  3 3 6  Z6T 8 4 - 2  4 4 9  - 3 7 5  
4 6 0 460 -454 8 0 -1 •577 -506 l 5 -2  1080 - 1 1 1 1  
6 6 0 572 475 l 3 -1 S6Z -591 3 5 -2 • 652 585 
8 6 0 94 108 9 3 -1 411 -346 5 5 -2 162 -145 
1 7 0 8 9 6  3O3 2 4 - l  9 4 8  - 1 0 1 8  ? 5 - 2  5 5 8  - 5 6 ?  
3 7 0 629 -646 6 4 - I  572 576 9 5 -2 76 20 
5 7 0 1 4 8  ~ 0 0  8 4 -1  536 - 4 8 3  2 6 - Z  83I - 3 9 0  
7 7 0 $03 505 1 S -1 694 -787 4 6 -z  710 733 
9 7 0 207 -306 3 5 - I  246 -213 6 6 -2 Z09 -244 
0 8 0 966 1029 5 5 -1 866 8 7 2  8 6 -Z 376 -404 
2 8 0 475 - 3 9 9  7 5 -1 75 -48 1 7 -2 768 -784 
4 8 0 802 -695 9 S -1 358 -383 3 7 -Z 670 669 
6 8 0 619 663 Z 6 -1  1201 -1198 5 7 -Z 0 61 
S 8 0 0 - 8 4  4 6 -1  3 3 3  3 4 7  7 7 -Z  4 1 8  - 4 5 9  
l 9 0 616 ~l 6 6 -I 3 4 5  29? 9 7 -2 52 O0 
3 9 0 3 6 8  - 3 0 6  8 6 -1 501 -4OO Z O -Z  3 8 0  - 4 1 7  
5 9 0 79 55 1 7 -1 787 -778 4 8 -2 874 044 
7 9 0 475 5 1 6  3 7 - 1  3 1 8  - 3 1 1  6 8 -2 . 3 4 4  - 3 4 5  
0 10  0 8 9 6  1 0 8 2  5 7 -1  6 4 7  639 1 9 - 2  391  - 3 1 3  
2 lO 0 116 -9O 7 7 -1 136 -70 3 9 -Z  60S $61 
4 10 0 512 - 4 5 5  9 7 -1 379 -408 5 9 -2 297 33O 
6 10 
1 11 
3 11 
5 11 
7 11 
0 1Z 
Z 1Z 
4 1Z 
6 IZ 
1 13 
3 13 
S 13 
0 14 
Z 14 
4 14 
1 15 
1 1 
3 I 
5 1 
7 1 
9 1 
0 Z 
Z Z 
4 2 
6 Z 
8 Z 
1 3 
3 3 
5 3 
7 3 
9 3 
0 4 
2 4 
4 4 
6 4 
8 4 
1 8 
3 5 

5 
7 8 
9 8 
0 6 
2 6 
4 6 
6 6 
8 6 
1 7 
3 7 
5 7 

3 

S 

? 

4 
613 641 2 8 -1 705 -665 7 9 -z  371 -440 
347 35Z 4 0 -1 393 320 2 10 -z  292 -239 
522 - 4 4 5  6 8 -1  $69 509 4 10 -2 7 6 2  8 4 4  I0 
101 43 8 8 -1 397 -426 6 1o -Z 266 -256 
2 9 9  3 5 5  1 9 -1  383  - 3 8 5  I 1 1  - 2  4 8 4  - 4 4 0  2 

1006 9?3 3 9 -1 66O -625 3 11 -2 511 547 
323 - 3 5 5  5 9 -1 715 . 700 5 1 l  -2 6 8  82 2 
220 -351 7 9 -1  286 -267 2 12 -Z 86 -115 4 
3 7 7  363  Z 10 -1  6 6 5  - 6 8 4  4 12 - 2  4 7 5  533 4 
314  8 2 9  4 10 -1  I 7 9  220  6 12 -Z  94 - 1 4 2  4 
343 -375 6 I 0  - I  390 321 1 13 -Z 465 -438 4 
1 1 9  - 3 1  8 1o - 1  397  - 3 6 8  3 13 -2 376 380  6 
511 444 I 11 - 1  4 1 1  -416 S 13 -2 IZO 53 6 
2 8 3  -300 3 11 -1  161 -196 Z 14 - 2  183  - 2 4 9  
472 -425 5 11 -1 621 • 555 4 14 -2 389 409 8 
2 0 7  137  7 11 - 1  97  - 7 1  0 2 2 4 4 '  - 4 9 4  

1583 1623 Z IZ - 1  687 -627 0 4 2 735 -785 8 
468 -401 4 12 -I Z79 137 o 6 Z 1086 -1080 
683 -702 6 12 -1 190 ZZl 0 8 2 564 .424 Z 
258 283 1 13 -1 433 -3~4 0 10 2 360 -313 
240 207 3 13 -t 151 -Z06 0 12 Z 517  -475 2 
4 5 1  439 5 13 - I  311 390  0 14 Z 3 5 4  - 3 4 9  

1252 1166 2 14 -1 347 -373 2 0 2 1 4 7 8  1462 4 
868 -876 4 14 -1 225 187 4 0 2 190 - 1 3 7  
2 4 3  -861 I 13  - I  1 9 5  -200 6 0 2 583 -416 6 
565 555 1 1 2 0 -121 Z 0 -Z 141 112 
505 517  3 1 2 1 2 5 3  1266 6 0 -2 o - 4 5  8 
165 313 5 1 Z 316 -292 8 o -2  452 -398 
979 -948 7 1 z 36o -327 2 0 -4 3 7 4  367 o 
647 663 2 2 2 9 1 2  9 1 9  lO 0 -I 1 5 8  - I Z 7  
200 103 4 2 2 292 386 2 0 -3 1 3 0 6  1355 0 
3ZZ 300 6 2 2 616 -615 2 0 -5 517 - 4 3 3  

1060 1140 1 3 2 938 -860 2 0 -6  559 -533 3 
737 - 7 2 0  3 3 2 1080 1 1 3 0  4 0 -Z 1319  1 3 5 0  
131 -108 5 3 Z 669 -690 4 0 -5 2O3 - z l l  
874 561 7 3 2 386 -359 4 o -6 421 398 I 

1 2 8 8  1407 Z 4 Z 6ZZ 893  6 o - 3  4 8 3  - 4 9 6  
138  - 1 0 3  • 4 4 2 1 3 2  113 6 0 - 4  1 8 3  - 8 1  1 
5O8 -469 6 4 2 668 -685 6 0 -5 614 538 
358  356 1 5 z 4 7 4  -488 6 0 -6 95 1Z8 3 
2 , ?  . 2  • 3  5 2 8st 863 8 o 3 281 z .  
286 255 5 5 2 418 -439 8 0 -4 518 49? 3 
71Z ?37 7 5 8 3 8 5  -350 S o -5 3Z 51 
683 -557 Z 6 Z 822 8 1 7  10 0 -2 588 838 5 
144  - 1 3 4  4 6 Z 196 -252 10 o - 3  183 Z54 
596 574 6 6 z 512 -¢81 0 0 2 942 -901 5 

1030 1039 I 7 2 196 -283 0 0 3 999 -1001 
Z$6 -176 3 7 Z 7?2 754 0 0 4 377 89o 7 
~ 0  -4~0 5 7 Z 311 -34Z 0 0 5 838 81~ 

6 32 -ZZ ? 3 -5 427 417 0 6 4 234 2 9 5  
3 32 -52 9 3 -3 409 4 3 0  o ZO 4 2O2 214 
4 731 -~18 1 3 3 556 -561 0 12 4 150 181 
5 2 8 4  -Z4Z 1 3 4 474 - 3 9 3  O* 0 5 441 447 
6 48~ 548 1 3 5 603  57~ 0 1o s 3 ) 5  407 
3 674 682 I 3 6 409 429 1 7 3 671 .758 
5 4 3 0  - 3 8 4  3 3 3 389  371 1 9 3 4 7 7  - 5 2 2  
3 64 - 1 2 4  3 3 4 728 - 7 1 8  1 11 3 564  - 6 1 9  
4 381 4 3 2  3 3 5 546 -525 1 13 3 327 -420 
2 0 6? 3 3 6 78 145 1 7 4 835 - 4 6 1  
3 3 5 2  - 4 4 4  5 3 3 691 6XO 1 9 4 2 6 6  - Z 5 9  
2 465 531 5 3 4 708 6?0 1 11 4 Z39 -256 

-1 1 0 2 7  -1025 5 3 5 72 -91  7 S 436 449 
-1 311 -219 7 3 3 5 5 ?  - 5 0 9  

5 1 "  -1 OZI 9O4 7 3 4 sz -114 
-1 143 -80 8 4 Z 252 200 

9 -1  535  - 4 8 1  4 4 -1  339  3 8 7  
-2 1 1 9 6  1 2 3 6  10 4 -1  104  -5 
-Z 162 146 1o 4 -z  375 366 
- ~  519  -498 2 4 -3 '702 722 
-2 141 94  z 4 - 4  427 4 3 8  
-3 165 ZI? 2 4 -5 316 -183 
-4 1299 1322 4 4 - 3  151 115  
-5 231 221 4 4 -4 549 -566 
-6 488 -468 4 4 - 5  494 - 4 3 7  
- 3  663 737 4 4 -6 361 3 3 8  
-4 336 -362 6 4 -3 666 -732 
- ~  7 3 8  - 7 5 7  6 4 - 4  1 3 5  - 8 8  
-6 267 - 8 1 3  6 4 -5 5 1 8  539 
- 3  521 - 5 1 9  6 4 - 6  220 181 
- 4  4 7 0  - 4 5 3  8 4 - 3  305  361  
- 5  170 130 8 4 - 4  4~4 421 
-6 4 5 5  57Z 0 4 3 891 -sgs 
-3 20O -221 0 4 4 294 281 

1 9 s 311 402 
6 448 472 

1 -1 IOSZ -102S 
3 -1 574 -591 
5 -1  735 -727 

-1 796 -778 
9 -1  4 8 9  - 3 8 5  

11 -1  4 5 7  - 4 1 6  
13 -1  4 ? 7  - 3 9 4  
15 -I ZZ9 -ZOO 

1 -Z 701 -716 
3 -Z 847 -595 
5 -Z 1054 - 1 1 1 1  
7 -Z 791 .764 

-2 357 -313 
I -Z 430 .440 
13 -Z 4 5 1  - 4 3 8  
I -3 2 7 9  2 1 7  
3 - 3  8 4 4  169  
8 - 3  ZZl 179 
7 - 5  255 208 

-4 592 846 0 4 8 606 864 •1 9 -3 168 71 
- 5  4 3 0  3 6 0  0 4 6 130  - 9 1  
- 3  545  536  2 4 8 43Z -395 
- 4  1 1 8  1 1 8  Z 4 4 6 4 0  .SS8 

3 1155 -I171 2 4 5 116 -31 
4 539  -507 2 4 6 4 4 4  520 
5 597 5Z8 4 4 3 9 4 9  893 
6 SZ6 540 4 4 4 0 22 
3 403 347 4 4 5 414 -467 
4 456 - 3 6 5  6 4 3 236 -247 
5 587 -569 6 4 4 411 420 
6 6 9  Zl O 4 3 194  -167 
3 310 178 1 5 -5 ZZ3 179 
4 690 590 I 5 -4 1086 1073 
5 137 -92 I 5 -5 230 202 
3 518 -493 I 5 -6 361 -431 

Z Z 318 289 3 5 -3 612 601 
- I  912 -936 3 5 - 4  421  -366 

Z -1 4 4 3  4 8 6  3 5 -5  6 8 2  -702 
-1 615 6?? 3 5 - 6  160 -zoo 

2 -I 538  -534 5 5 -3 588 - 5 6 6  
-1  ?4 10  5 5 - 4  512  - 4 8 6  

2 - 3  651 732 5 5 - 5  165 180  
- 4  639 568 5 8 -6 425 823 

2 -5 323 -330 7 5 -3  355 -219 
2 -6 4 5 5  . 4 6 3  ? 5 - 4  497 438 
Z -3 228 178 7 5 -5 192 280 
Z -4 490 -477 9 8 -3 391 457 
2 - 5  814 - 4 7 7  1 8 3 933 -9ZO 
2 -6 377 563  1 5 4 4 8 7  - 4 8 3  
2 - 3  711 -734 1 5 5 8 3 6  501 
2 - 5  874  587  I 5 6 4 5 6  4 7 2  

-6 242 213 3 5 3 4 1 0  421  
Z -3 4 8 4  420 3 5 4 393 -400 

-4 530 "~98 3 5 8 434 -492 
2 - 5  88 -94 5 5 3 467 329 

3 574  - 5 7 1  5 5 4 516  4 8 8  
2 4 571 -518 7 5 3 323 -371 

5 161 -59 8 6 z 0 4 
2 6 505 ~39 2 6 -3 983 1013 

3 849 807 z 6 - 4  291 265 
2 4 1 5 8  71 2 6 -5 4 1 5  -363 

5 552 -508 Z 6 -6 396 -468 
Z 3 419 -328 4 6 -3 210 - I12 

4 4 8 8  501 4 6 - 4  853  - 5 5 9  
2 3 323 -348 4 6 - 5  251 -218 

3 645 .774 4 6 -6 324 338 
Z 4 431  368 6 6 - 3  583 - 4 9 9  

5 844  561 6 5 -4  2 1 0  - 1 3 0  
2 6 195 -94 6 6 -5 357 439 

Z 329 374 8 6 -3 12a 180 

- 931 1 0 5 4  3 733  - 7 2 3  
3 -1  4 7 1  - 4 0 2  o 6 4 231 202 

-3 205 169 0 6 5 757 711 
3 -4 724 729 0 6 6 0 -Z9 

-8- 2?4 272 Z 6 ~ 64 6 
3 -6 330 -345 2 6 4 689 -667 

-3 931 940 Z 6 S 147 -169 
3 -4 Z83 -Z78 4 6 3 710 687 

-5 618 -611 4 6 4 98 49 
3 -6 331 -3Z4 4 6 S Z34 -310 

- 3  646 -675 6 6 3 120 -39 
3 -4 731 -?93 6 6 4 Z58 328 

-5 Z35 254 0 S 3 6Z8 -875 
3 -6 541 ~92 o 1o 3 4 5 9  -429 

-3 %' ] 356 0 12 490 -447 
-4 644 8 0 14 887 -303 

11 -3 179 75 
15 -3 163 lZZ 

Z -4 1z72 1521 
3 -4 813 ~19 

5 -4 1 1 0 Z  1073 
7 -4 977 903 
9 -4 6 3 5  6O0 

1 11 -4 627 700 
1 - 5  Z44 • 221 

1 3 -5 Z45 272 
5 - 5  ZZ9 ZOZ 

1 7 -5 ZZ.3 Z04 
9 -5 1 5 4  178 
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( ~  /~ Q ..... "-../~./2"7 6 ....... 4"~ F (6'00) / j ) )  
¢~ ~. .:::."~:~/6 

o,= d "o d "o 
• Zr 

Fig. 3. The zigzag chains of polyhedra projected on (010); the first and third chains are at height y=0, the middle chain at y=½. 
Double open circles represent two F atoms with the same x, z values. The nearest N. . .  F contacts are designated by dotted 
lines. 

4(i), and two F atoms on the twofold axes 4(h) and 4(g). 
This Fourier synthesis showed marked elongation of 
the nitrogen atom peak perpendicular to the twofold 
axis and in the direction of the N - N  bond. A second 
Fourier synthesis, calculated on the basis of Zr and all 
the F atoms, gave better shaped and resolved maxima 
of the light atoms. 

The least-squares refinement was performed with 
isotropic temperature factors using a local version of 
the ORFLS program (Polid, 1968). Coordinates, indi- 
vidual isotropic temperature factors and inter-layer 

F (5) F (3) 

F (6) F (4) 

F (/~) 

Fig. 4. The hendecahedron (or bicapped trigonal prism) around 
the zirconium atom; the mirror plane is shaded. 

scale factors were varied and the resulting R index was 
about 0.12 (including unobserved reflexions). On in- 
troducing anisotropic temperature factors the R index 
dropped to 0.09 (including unobserved reflexions). Re- 
finement was continued with unit weights until the par- 
ameter shifts were less than the estimated standard de- 
viations. Atomic scattering factors for N, F and Zr 
were taken from International Tables for X-ray Crystal- 
lography (1962). The final values of atomic coordinates 
and anisotropic thermal parameters with their standard 
deviations are given in Table 2, and the observed and 
calculated structure factors in Table 3. Some thermal 
parameters (Table 2), especially for F(3), are high and 
physically quite unlikely, and are probably due to im- 
perfections in the crystals or an error in the absorption 
correction. Attempts to locate hydrogen atoms were 
unsuccessful. 

Description and discussion of the structure 

The atomic numbering system is described in Table 4 
and the interatomic distances and bond angles listed 
in Table 5. The zirconium atom exhibits eightfold co- 
ordination and the basic structural unit is a bicapped 
trigonal prism. The coordination polyhedron consists 
of one F atom in a general position - F(2) and its pair 
across the mirror plane, two F atoms on the twofold 
axes - F(3) and F(4) and with them the two F atoms 
related by a mirror plane, and finally two F atoms on 
the mirror plane - F(5) and F(6). The atoms F(3) and 
F(4) with their symmetry-related counterparts act as 
bridges between zirconium atoms, thus each prism 
shares two edges with two neighbouring polyhedra 
(Fig. 2). The polyhedra are connected in a zigzag in- 
finite chain-like fashion with the chains running along 
the [001] direction at levels y = 0  and y=½ (Fig. 3). 
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Table 4. Numbering of the atoms 
Designation of the atoms is according to the Busing, Martin 
& Levy (1964) ORFFE program. Only those atoms are num- 
bered which are mentioned in the Tables and Figures. 

Atoms Coordinates 
N(1.00) x y z 
F(3-01), F(5.01), Zr(7.01) ½-x ½-y - z  
F(3.02), F(4.02) ½+x ½+y z 
F(4-03) ½+x ½-y z 
F(2-13) ½+x+l  ½=y z 
F(2.12),F(6.12) ½+x+l  ½+y z 
N(1"04) 1 - x y 1 - z 

Table 5. lnteratomic distances, angles and their 
standard deviations (in parentheses) 

Within Zr-polyhedron 
Zr(7.01)-F(2.12) 
Zr(7.01)-F(3.02) 
Zr(7.01)-F(4.02) 
Zr(7.01)-F(5.01) 
Zr(7.01)-F(6.12) 
F(2.12)--F(2-13) 
F(2.12)--F(5.01) 
F(2.12)--F(6.12) 
F(3.01)--F(3.02) 
F(4.02)--F(4.03) 
F(a.01)--F(4.03) 
F(4.02)--F(6.12) 
F(5.01)--F(3.02) 
F(5.01)--F(6.12) 
F(2-13)--F(3.01) 
F(E.la)--F(4.03) 

F(3"01)--Zr(7.01 )-F(3.02) 
F(4.02)--Zr(7.01)-F(4"03) 
F(3-02)---Zr(7.01)-F(4.02) 
F(5.01)--Zr(7.01)-F(3.01) 
F(6.12)--Zr(7.01)-F(5.01) 
F(6.12)--Zr(7.01)-F(4.03) 
F(2.12)--Zr(7.01)-F(2.13) 
F(2.13)--Zr(7.01)-F(4.03) 
F(E-13)--Zr(7.01)-F(3.01) 
F(2.13)--Zr(7.01)-F(5-01) 
F(2.13)--Zr(7-01)-F(6.12) 
F(3.02)--F(3.01)--F(4.03) 
F(3.02)--F(4.02)--F(4.03) 
F(3.02)--F(5.01)--F(3-01) 
F(4-02)--F(6-12)--F(4-03) 
F(5.01)--F(3.12)--F(3.01 ) 
F(5-01)---F(3.01)--F(4.03) 
F(5-01)--F(6.12)--F(4.03) 
F(6.12)--F(2.12)--F(5.01) 
F(6.12)--F(5-01)--F(3.01) 
F(6"12)--F(4.03)--F(3.01) 

In N2H6 2+ 
N(1 "00) -Y(1-0~) 

N " . F  distances shorter than 3.25 A 
N(1.00) -F(6.04) 
Y(1-00) -F(5.00) 
N(1.00) -F(6.00) 
N(1.00) -F(4.03) 
N(1.00) -F(2.00) 
N(1.00) -F(2.13) 

Shortest distances between the other atoms 

Distance 
2"15 (0"01) 
2-20 (0.01) 
2"19 (0"01) 
1"91 (0"02) 
1"95 (0"01) 
4.03 (0.02) 
2"56 (0"01) 
2.50 (0.01) 
2.40 (0.05) 
2.46 (0.04) 
2.71 (0.00) 
2"80 (0"02) 
2"85 (0"02) 
2"81 (0"01) 
2-57 (0.01) 
2.44 (0.01) 

Angle 
66. (1) ° 
68.4 (0.9) 
76.2 (0.4) 
87"5 (0"4) 
93"3 (0"6) 
85-0 (0.3) 

140.2 (0.5) 
68.6 (0.5 
72.6 (0.5) 
77-9 (0"2) 
75"2 (0"2) 
90"6 (0.5) 
89"4 (0.5) 
49"9 (0.9) 
52-1 (0-8) 
65.1 (0.5) 
89"7 (0"3) 
88.7 (0.4) 
67.4 (0.3) 
89.3 (0.5) 
92.2 (0.3) 

1.41 

2.85 
2.77 
2.76 
2.76 
2.66 
2.62 

(0.03) 

(0.02) 
(0.02) 
(0.02) 
(0-03) 
(0.02) 
(0.02) 

N(1.00) -N(1.03) 
Zr(7-01)-Zr(7.02) 

4.42 (0.01) ,~ 
3.68 (0.00) 

In N2H6ZrF6 the zirconium polyhedron has Cs sym- 
metry but its shape is very close to C2v s3mametry (Fig. 
4). The maximum deviation of the lengths of pyramidal 
edges [with F(2-12) at the apex] from the mean value of 
2.52 A is + 0.05 A. The quadrilateral F(3), F(4), F(5) 
and F(6), which serves as the base of the pyramid, ap- 
proximates a square: the deviation of angles from 90 ° 
is + 2 ° and the deviation of the edges from the average 
value of 2.79 A is +0.08 A. A 'free' prismatic face, 
formed by the atoms F(3.01), F(3.02), F(4.02) and 
F(4.03) has a nearly rectangular shape: the two short 
edges F(3.01)-F(3.02) of 2.40 A and F(4.02)-F(4.03) of 
2.46 A are common for two neighbouring polyhedra. 

The mean value of eight Zr -F  bonds (Table 5) of 
2.12 A is nearly equal to the sum of the ionic radii 
(rzr4+=0"80/~, r v - =  1.36 A, Pauling, 1960)but with a 
stretching of the Zr -F  bonds to bridging fluorine atoms 
[Zr(7.01)-F(3.02) =2.20 and Zr(7.01)-F(4.02) =2-19 A] 
and a shortening of the Zr -F  bonds to fluorine atoms 
on a mirror plane and opposite to shared edges 
[Zr(7.01 )-F(  5.01 ) = 1.91 and Zr(7.01)-F(6.12) = 1.95 A]. 

The nitrogen atoms are grouped in pairs related by 
twofold axes, so the N - N  bonds in the N2 H2+ ion are 
perpendicular to the twofold axes, but the configuration 
of the N2 H2+ ion could not be predicted from its sym- 
metry. The N - N  bond length of 1.41 A is in agreement 
with the values reported earlier, e.g. 1.43 A in 
NzH6(H2PO4)2 (Liminga, 1966), 1.40 A in N2H6SO4 
(Nitta, Sakurai & Tomii, 1951), 1.42 A in N2H6F2 
(Kronberg & Harker, 1942) and N2H6Clz (Donohue & 
Lipscomb, 1942). 

Chains of polyhedra are joined to other chains by 
ionic interaction between [NEH6] 2+ and [ZrF6] 2- ions 
and through N - H .  • • F hydrogen bonds. There are two 
very short N.  • • F distances which suggest the existence 

F(5) 

F,2, 

,, / / g  

F (/-,1 

Fig. 5. The ZrF8 polyhedron in the NzH6ZrF6 structure as a 
derivative of a square antiprism; the mirror plane is shaded. 
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of hydrogen bonds: N(1.00)...F(2.00), 2.66 A and 
N(1.00)...F(2.13), 2.62 A. The distance of 2.62 A is 
less than the N - H . . . F  bond length of 2.63 A in 
NH4F (Wells, 1962) and equal to the N - H . . . F  
distances in N2H6F2 (Kronberg & Harker, 1942) and 
N2H6TiF6 (Prodi6, 1968). Four more fluorine atoms 
are rather close to the nitrogen atom. One of them, 
F(5.00) with a distance N(1.00)-..F(5.00) of 2.77 A 
might also be involved in N - H . . .  F hydrogen bonds. 
This distance is quite close to the N - H . . .  F value of 
2.775 A in NH4CuTiFT.4H20 (de Clan, Fischer & 
Weiss, 1967) and 2-80 A in NH4HF2 (Had~.i & Thom- 
son, 1959). The remaining three fluorine atoms F(6.00), 
F(6.04) and F(4.03) are disposed around the N-N bond 
on a plane which passes along the twofold axis, bisects 
the N(1-00)-N(1.04) bond and is nearly normal (83 °) to 
this bond. The shortening of the observed distances: 
N(1.00).. .  F(4.03) = N(1.04)...  F(4.03) = 2.76, 
N(1.00).. .  F(6-00)=N(I-04). . .  F(6.04) =2.76 and 
N(1.00)-F(6.04)=N(1.04)-F(6.00)=2-85 A might be 
attributed to the interaction between the opposite 
charges on nitrogen and fluorine atoms. 

The coordination number eight is very common for 
lanthanide and actinide ions because of their high for- 
real charges and relatively large atomic radii, and also 
for early transition-metal ions - especially for those 
with d 0, d 1, d 2 and in some cases d 1° electronic config- 
urations. Zr TM with a d o configuration belongs to the 
second group. According to the accessible literature 
the dodecahedron and the square antiprism (with D2a 
and O4g symmetries respectively) were the only known 
polyhedra for eight-coordinated zirconium. An antipris- 
matic arrangement of ligands has been found in 
Zr(AcAc)4 (Silverton & Hoard, 1963), ZrOC12.8H20 
and ZrOBr2.8H20 (McWhan & Lundgren, 1963), 
~-ZrF4 (Burbank & Bensey, 1956), Zr(IO3)4 (Larson & 
Cromer, 1961), Zr(SO4)2.4H20 (Singer & Cromer, 
1959), Cu2ZrFs. 12H20 (Fischer, Elchinger & Weiss, 
1967), Cu3Zr2FIa.16H20 (Fischer & Weiss, 1967), 
Zr(OH)2SO4 (McWhan & Lundgren, 1966), Na7Zr6F31 
(Burns, Ellison & Levy, 1968); the dodecahedral ar- 
rangement has been established in Zr2(OH)2(SO4)3. 
4H20 (McWhan & Lundgren, 1966). NaaZr(C204)4. 
3HzO (Glen, Silverton & Hoard, 1963), 
Zr(OH2) (NO3)2(H20)4 
(McWhan & Lundgren, 1963), ZrSiO4 (Krstanovi6, 
1958), Li6BeF4ZrF8 (Sears & Burns, 1964), KEZrF6 
(Bode & Teufer, 1956), KEZr[N(OAc)3]2. H20 (Hoard, 
Willstadter & Silverton, 1965), ZrF4.3H20 (Waters, 
1964), ZrE(SO4)4(H20)8.6H20 (Bear & Mumme, 1969), 
and a- and fl-Zr2(SO4)4(H20)8.2H20 (Bear & Mumme, 
1969). A trigonal prism with one centred face is known 
for seven-coordinated zirconium, e.g. NasZrEF13 (He- 
rak, Mal~i6 & Manojlovi6, 1965). 

Among the eight-coordination polyhedra the C2v 
hendecahedron is of lower symmetry than the other 
two of D4t~ and D2a symmetry. The Czv hendecahedron 
can be derived from a trigonal prism by adding two 
ligands out of two square faces. This type of polyhedron 

was first proposed by Zachariasen (Zachariasen, 1948) 
for some lanthanide and actinide halides. 

Because of the similarity of the antiprism and hende- 
cahedron (one.of the square faces of an antiprism is 
replaced by two triangles) the coordination polyhedron 
can be described in two ways: as a deformed square- 
antiprism or as a bicapped trigonal prism (hendecahe- 
dron). Fig. 5 illustrates the ZrF8 polyhedron in the 
N2H6ZrF6 structure as a derivative of the square anti- 
prism. There is a large deformation in one 'square' of the 
antiprism obvious from adihedral angl~of151.4 ° between 
two triangles [with comers at F(5.01), F(2.13), F(6.12) 
and at F(6.12), F(2.12), F(5.01)] and from the set of 
tabulated lengths of edges (Table 5). It is therefore 
more realistic to describe the polyhedron around the 
zirconium atom in N2H6ZrF6 as a bicapped trigonal 
prism. 
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The Crystal Structure of Diethyldixanthogen 
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The crystal structure of diethyldixanthogen, (SSCOC2H5)2, is monoclinic with a=18.958 (0.005), 
b= 4.394 (0-002), c= 6.990 (0.004)/~; fl= 107.27 (0.03)°; the space group is P2/a and Z =  2. A molecule 
of (SSCOC2H5)2 consists of two almost planar SSCOC2Hs groups linked by a twofold rotation axis 
at a S-S distance of 2.054 (0.004)/~, which is comparable with the S-S single bond distance. The 
dihedral angle C-S-S-C is 107.2 (1.0) °. The molecules are held together by van der Waals sulphur- 
sulphur, sulphur atom-alkyl group, sulphur atom-methyl end and methyl end-methyl end contacts. 

Introduction 

In connexion with the study of the action of xan- 
thate on sulphide mineral surfaces in a froth flotation 
process, the determination of the molecular structure 
of dixanthogen, an oxidation product of xanthate, is 
important. Dixanthogen is supposed by some authors 
to play an important role in making sulphide mineral 
surfaces hydrophobic, (1) by coating the xanthate ions 
already adsorbed on the mineral surfaces by van der 
Waals forces (Leja, 1956), or (2) by being adsorbed 
dissociatively on the mineral surface so that one xan- 
thate radical is coordinated to one metal atom in the 
substrate (Poling & Leja, 1963). In the present paper 
the molecular structure of diethyldixanthogen in the 
crysstalline state is reported. 

Crystal data 

The crystallographic data for diethyldixanthogen are 
as follows: 

Cell constants and cell volume 
a =  18.958 (0.005) A, b =4.394 (0.002), 
c =6.990 (0.004), 
fl=107.27 (0.03) °, V=556.1 (0.4) A 3 . 

Space group P2/a 
Formula units per cell: Z =2  
Observed and calculated density 

do = 1.30 g.cm -3 (flotation) 
dc= 1.28 g.cm -3 

Linear absorption coefficient for Cu radiation 
/z=85-54 cm -1. 

Experimental 

Diethyldixanthogen was obtained by mixing aqueous 
solutions of purified potassium ethylxanthate and 
iodine drop by drop. The light yellowish green sub- 
stance obtained in the form of an emulsion was dis- 
solved in ethanol and crystallized by evaporation of 
the solvent at a temperature of about 15 °C. The crys- 
tal, in the shape of a rectangular plate, was stable in 
air up to the melting point (28.0°C). The specimen 
used had a cross section of 0.35 x 0.85 mm in the b- 
axis setting and 0.14 x 0.08 mm in the c-axis setting of 
the crystal. 

Equi-inclination photographs of the 0 to 4th layers 
around the b axis and the 0 to 5th layers around the 
c axis were taken with the use of an integrating cassette 
at a temperature of 12+ 2°C with Ni-filtered Cu K~ 
radiation. The intensity measurement was carried out 
with a microphotometer. Of the recorded 1121 inde- 
pendent reflexions, about 88 % of the total number of 
those observable with Cu K~ radiation, 353 reflexions 
were too weak to give any numerical values. Observed 
intensities were corrected for Lorentz and polarization 
factors. An absorption correction, in which the crystal 
was approximated to a cylinder, and a spot-size correc- 
tion (Phillips, 1956) were applied, but no extinction 
correction was made. The unit-cell dimensions were 
determined by the use of a Straumanis-type cassette. 

Determination of the crystal structure 

Systematic extinction showed the crystal to be mono- 
clinic with space group P2/a or Pa. Because the unit 


