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CONrTO:BtJ'rION FROM THE LAWRENCE RADIATION LABORATORY AND DEPARTMENT OF CHEMISTRY, 

UNIVERSITY OF CALIFORNIA, BERKELEY, CALIFORNIA 

The Crrsta1 Structure of Cesium Aciuoientach].ororuthenate 
- NflN n,JP.fl5a,fl nn..nnnNnn 	nnnnnn. nflSn'v.na.nnaeSn.nnnnnSre. 

H 	 BY TED E. HOPKINS, ALLAN ZALKIN, DAVID H. TEMPLETON, AND MARTYN G. ADAMSON 

X-ray diffraction study of a single crystal of Cs2RuC1H2O  showed 

that it is orthorhombic with a 7.986 A, b 17.289 K. and c 

7.1400 A, Z 41 d,c  3.65 g cm 3 . The space group is Amazn. 	The 

ruthenium is surrounded by an octahedron composed of the five chlorine: 

atoms and-one water molecule. The Ru.-:.O:a1d evrage Ru.- Cl distances 

are 2910 A and 2.314 A. 

Work done under the auspices of the U. S. Atomic Energy Commission. 

IL 
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INTROnUCTION 

Aqueous ruthenium species have been stüdied°e*tensively by Conriick, 

with particular emphasis on-ruthenium (III) 
2. .• In the course of their 

work, a number of aquochiororuthenates with various catioris have been prepared, 

and it seemed of interest to determine the crystal structures of some of them. 

• 	Aquopentachiororuthenates with cations of potassiwn, rubidium and cesium have 

been obtained. As far as we know, the crystal structure of only the potassium 

salt has been reported '). 
None of the salts in this series is isostructural 

with either of the, others. This paper is a report on the cesium salt. 

EXPERIMENTAL 

Small well-shaped crystals of CS2RuC1SH2O were obtained by adding 

sufficient 1M cesium chloride solution to a ruthenium (III) solution in hydro-

chloric acid to give the following concentrations [Ru(III)] - 0.05 M, 

[Cal 0.25 M and [cii 2 M. Under these conditions, the chloride ion 

concentration is low enough to assure that crystal growth is slow. After 

standing at 0 
0  C for 148 hours, crystals were separated from the mother liquor 

on a Buchner funnel, quickly washed twice with ice-cold water and partially 

dried by suction. Final traces of moisture were removed by heating at 

for 30 minutes. Analyses: for Ru, Cl and H 2  0 confirmed the formula Cs2RuC].SH2O. 

The preliminary determination of the space group and cefl dimensions 

was made using the Weissenberg technique and copper radiation. A single 

crystal in the form of a prism 0.14 x 0.021 x 0.02 imn was used. The sides 

(2) H. H. Cady and R. E. Connick, J. Am. Chern. Soc., Q, 2646 (1958). 

• R. E. Connick and D. A. Fine, J. Am. Chem, Soc., 83, 341J4 (1961). 

t3 T. S. Khodashova, Zhur. Struckt. Khim., , 33, (1960).. 
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parallel to the long axis comprised the form (120}. The measured dihedral 

angle was 	while the calculated angle is 8 028. The crystal was mounted 

with the c — axis as the axis of rotation in phi. The cell dimensions and in-

tensities were measured with a General Electric XRD-5 goniostat equipped 

with a scintillation counter, using MoKa radiation (A = 0.70926 A for Ka,1 ). 

There are 525 independent reflections permitted by the space group 

the sphere of reflection with sin 0/X < 0.96 (20 < So° ). These were 

measured with counting times of 10 seconds each and 95 were recorded as 

zero intensity. No correction was made for either absorption or extinction. 

The calculated linear absorption coefficient is 	100.0 cm 1  for inolyb- 

denuni radiation. For the crystal used, 1A R was less than 0.7. 

Calculations were made using an IBM 701414 computer and our version (unpublished) 

of the Gantzel-Sparks-Trueblood full-matrix least squares program which 

minimizes Lw(F0 — I_FI)2/ (EwF 2 ), where 	and 	are the observed and 

calculated structure factors, and the weights w,9 were all taken as unity. 

The Fourier and distance programs were written by Zalkin. The atomic scattering 

• 	 + 	+++ 	 14 	— 
factors were chosen as follows: Cs , Ru 	from Thomas and Unieda ,, Cl , 

o values taken from the International Tables 	• Corrections for anomalous 

dispersion (f ' ) were made for cesium, ruthenium and chlorine by adding 

-0., -1.3 and +0.1, respectively to their atomic scattering functions. 

UNIT CELL AND SPACE GROUP 
# 	 nfl A,.afl e 	 nflfl n.fl , 

The A-centered cell contains four formula units of C52RuC¼H2O  and is 

orthorhombic with dimensions: 
- 	 __•__• _ * w__••___-_,__.•.___ 

• 	(14) L. H. Thomas, and K. Umeda, J. Chem. Phys., 6, 293 (1%7). 

• 	rIntèrnati ofla1 Tables for X-ray CrystaliraPIwJ V61 fli hE'nothr'.., 

1962. 

S 
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a = 7.986 + 0.00, b 	17.289 + 0.008, C 	7.1400 + 0.0041. 

The calculated density is 3.65 g cm 3 . The crystals sank in methylene 

iodide (density 3.3 9m 3 ). 

The Weissenberg photographs showed the following reflection restrictions: 

hk k + e = 2n, hOe: h = 2n. Measurements with the goniostat confirmed 

these observations. The axes were chosen according to the c < a < b convention. 

The extinctions correspond to the space groups A2azn, Ama2 and Arnain, for the 

particular choice of axes for the crystal. The success of the structure 

determination confirmed the choice of the centro-symetriô space group Amam. 

The observed and calculated structure factor magnitudes are given in Table I. 

DETERMINATION OF THE STRUCTURE 

A three dimensional Patterson function was calculated from the observed 

intensities after correction f or Lorentz and polarization effects. The 

cesjum-ruthenuxn and ruthenium chlorine vectors were identified and coordinates 

for the trial structure were chosen. 

Except for one set of chiorines, all of the atoms are in special 

positions: 

14(c): (1/14,, 0; 3/14, .-, 0) + (0 3  0, 0; 0,1/2, 112). 

A set of four chiorines are in the general positions: 

16(h): + (, y, z;..-x, -y, z; 112 — x, ,r, z; 112 + x, -Y 

+ (0, 0 3 0; 0, 112 )  112). 

Three cycles of least squares refinement resulted in an R value.of 

0.09 with anisotropic temperature factors for cesiuini and ruthenium and 

isotropic temperature factors for the chiorines and ogen. A three dinién-

sional Fourier was run on-the basis of the refined structure. This did not 
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r1q1-  n-'r- Table I. Observed and Calculated Structure Factors (Ll.0) for Cs21uC].H2O. 

FCA I. FOB FOB I. 	FOB FCB U,K 	4.11 U.K. 5. 9 5 	0 	1 2 	0 	8 
4 	1'? -14 

U,K* 0. 	0 U.K. 	0,1'. 1 FOB 
2, 	4 0 	0 	-2 1 	0 	3 1 FOB FOB I. 	FOB FOB 

8 FOB FCA 3. 	FOB 	FOB 1 	21 	-26 U,K 
FOB FOB 3 	0 	-7 1 	0 	5 1 	22 -21 U.K. 6, 

4.K 	7.11 
2 	386 	190 0 	148-348 3 	19 -22 3. 

H.K 	3. 	1 5 	0 	5 3 	0 	0 5 	19 -19 3. FOB FCA 
FOB FCA 

4 237 255 2 	10 -70 5 	16 -35 0 207-199 
5 	0 	5 5 	14 -13 0 	32 -76 1 

6 	310 	Ill 4 	101-103 7 	9 -10 2 	39 -37 3. 	FOB FCA 
3 	9 	-4 U.k. 	3,16 2 	72 -73 I 	51 	54 

62 
B 	85 	63 6 	47 -50 4 	106-102 

3 	15 	13 1 FOB FCB U.K. 4.12 U.k. 5,10 4 	62 -60 3 	62 
U,K 	1,10 
3. 	FOB 	FOB 

6 	30 -27 
B 	24 -22 5 	9 -II 0 	0 	-4 1 FOB FCA I FOB FOB 

-B U.k. 6. 	9 U.K. 	1.32 
U.K. 	0, 	1 U.K. 	0,15 

I FOB FOB 0 	18 	19 7 	13 	13 2 	40 -39 0 	10 	-'1 0 	29 
35 	34 2 3. 	FOB FOB I. 	FOB 	FOB 

FOB FOB 
3 	-8 1 	14 	10 2 	33 	33 U.K. 	2, 	5 6 	12 	-7 2 	11 	10 

8 	-5 4 4 	0 	-6 1 	3? -39 0 	18 -39 

3 	44 -50 3 	20 	20 4 	9 	11 1 FOB FOB U.K 	3, 	2 
FCA U.K 	3.17 6 	0 	I 6 	15 	12 3 	43 -42 0 	16 -*9 

5 	22 	20 5 	0 	-2 6 	11 	32 1 	72 	73 
3 	99 100 

3. 	FOB 
0 	29-28 3. 	FOB FOB 3 	20-23 

U,K* 	7,33  
3 	26-25 

U.K. 0,36 U.K. 	1,11 5 	23 	24 2 	80 	78 1 	19 -16 U.K. 4,13 
3. FOB FCB 

U.k. 	5,11 
I. FOB FCB U.k. 	6,10 3, FOB FCB 

U.k. 0, 	2 I. 	FOB FCA 3. 	FOB 	FOB 7 	61 	51 4 	0 	-4 3 	25 -22 
1 	0 	-2 1 	69 -69 3. FOB FOB I 	6 	2 

I. 	FOB FCB 0 	41 	41 1 	321-130 6 	35 	35 
8 	9 U.K. 	3,16 3 	11 	9 3 	61 -60 0 	21 	24 

O 	10 	7 2 	26 	27 3 	104-105 U.K. 	2, 	6 8 
I FOB FOB 5 	12 -13 5 	75 -71 2 	19 	38 H.K* 	6, 	0 

2 	30 -30 4 	28 	33 5 	89 -95 1 FOB FCA 
0 	8 	4 4 	11 	14 FOB rOB 

4 	0 	-1 7 	51 -49 0 	39 	31 U.K. 	3, 	3 
2 	0 	5 U.K. 4,14 U.k. 	5,12 0 	8. 	77 

6 	12 -10 U.K. 	0.37 2 	94 	95 IFOB FOB 
I. 	FOB FOB I FOB FC* U.K 	6,11 2 	99 	95 

6 	12 	-5 I.. 	FOB 	FCB U.k. 	1,12 '. 	 37 	36 1 	336 	132 
3 	131 	131 U.k. 	3,19 0 101-300 0 	25 -27 1 FOB FOB 4 	54 	56 

1 	70 	70 1 FOB FOB 6 	43 	41 
5 	65 	67 1 FOB FCB 2 	66 -65 2 	21 	22 1 	0 	-3 

8. 	1 
U.K. 0, 	3 3 	46 	50 0 	9 -30 B 	20 	24 

7 	69 	68 1 	27 	25 4 	73 -71 4 	16 -18 3 	0 	-4 U.K. 

I FOB FOB 2 	9 	9 FCB I. FOB 

I 	125-126 U.K. 0,16 4 	6 	-8 U.K. 	2, 	7 
3. 	4 U.k. 4. 0 U.k. 4,15 U.K. 5.13 U.k. 	6,12 	. 1 	0 	-4 

3 	69 -74 1 FOB FOB 6 	0 	-1 1 FOB FCA U.K. 
I. 	FOB FOB I FOB FCA I. 	FOB FCB I. FOB FOB I. FOB FCA 3 	8 	-2 

5 	76-63 0 	22 	-e 
54 -54 U.K. 	1,13 

1 	5 	6 
3 	0 	1 0 	46 -48 0 256 255 1 	0 	9 1 	0 	-4 

3 
0 	12 	2 
2 	0 	3 U.K. 8, 	2  

• 
1 	25 -28 2 

4 	9 	-9 1 FOB FOB 5 	0 	6 2 	33 -11 2 	160 	163 3 	14 	15 3 	0 
5 	9 	7 4 	 4 I.  FOB FCA 

1 	3 	1 7 	0 	-3 4 	29 -28 4 167 	163 0 	0 	5 

• 
U.K. 0, 	4 
I FOB FCA U.K. 	0,19 3 	3 	3 6 	0 	-1 6 	SB 	96 U.K. 4,16 

I. 	FOB FCB U.K. 5,14 U. K. 6,13 2 	0 	6  

0 	32 	27 1 	FOB FOB 5 	2 	-1 U.K. 	2, 	B 8 	0 	-T 
U,K. 4, 	1 0 	30 	28 3. FOB FCB I. FOB FCB 4 	0 	3  

2 	199 2C0 1 	20 	21 
7 U.K. 	1.14 

1 FOB FCB 
0 	101-101 U.K' 	3. 	5 3. 	FOB 	FOB 2 	23 	23 0 	53 	50 I 	0 	0 

3 	0 	6 U.K. 	B. 	3 4 	32 	33 
6 	62 	62 

3 	0 
1 FOB FOB 2 	173-171 1 FOB FO B 1 	30 	-8 4 	24 	23 2 	32 	30 

4 	40 	38 I. FOB FCB 

8 	17 	18 U.K. 	0,20 0 	61 	63 4 	77 -79 1 	22 -20 3 	25 -26 
0 	9 U.K. 4,17 U.K. 	6,14 1 	40 -39 

I FOB FOB 2 	53 	52 '. 6 	8 	-81 3 	26 -25 5 
7 	11 -13 1 FOB FCB U.k. 	5,15 1 FOB FOB 3 	34 -34 

H,k. 0, 	5 0 	16 	10 4 	45 	47 5 	10 -II 
7 	19 -11 1 	60 	55 1 FOB FCB 0 	58 	59 

I FOB FOB 2 	9 	3 I 	32 	30 U.K. 	2, 	9 
U.k 	4, 	2 3 	46 	42 1 	8 	6 2 	55 	58 U.K. 8. 	4 

1 	131-110 
1, 	1 U.k. 	1,15 

, FOB FCA 
1 	55 -60 H,K 	3, 	6 1 FOB FOB 3 	. 	0 	-4 

U.K. 6.15 
1 FOB FCA 
0 	33 	34 

3 	42 -43 
5 	82 -89 

I4.K. 
1708 FCB I FOB FCB 3 	81 	-81 I. 	FOB 	FOB 0 	7 	6 U.K . 4.18 

1 FOB FCB U.K. 	5,16 3. FOB FCB . 2 	11 	*0 

7 	15 -32 1 	15 	-3 1 	0 	-2 5 	11 -19 0 	83 -79 2 	8 	-6 
0 	1 4 0 	8 -12 1 FOB FOB 3 	12 -10 4 	21 	25 

3 	9 	6 3 	0 	-4 7 	51 -49 2 	143-144 
- 0 	3 2 	30 -31 0 	41 	41  

U.K. 0, 	6 5 	9 	-4 5 	0 	4 4 	62 -61 6 
2 	0 	0 U.K. 	7 	3 U.K. 8. 	5 

I FOB FCA 7 	0 	2 U.K. 	2.10 6 	74 -70 
U.K. 	4, 	3 U.K. 	5, 	3 3 	FOB FCB 3. FOB FOB 

0 	135-132 U.K. 	1,16 . I FOB FCB 
U.K. 	3, 	7 1 FOB FOB I FOB FOB U.K. 	5,17 1 	0 	4 1 	37 -35 

2 	37 -37 U.K. 	1, 	2 1 FOB FCB 0 	86 	87 
FOB 1 	88 -96 1 	8 -10 1 FOB FOB 3 	18 	18 3 	29 -32 

4 	76 -75 I. 	FOB FOB 0 	33 	33 2 	[6 	14 1 FOB 
1 	53 	56 3 	62 -60 3 	0 	B 1 	0 	17 5 	8 	-5 

6 	33 -32 0 	75 -67 2 	17 	17 4 	51 	53 
3 	26 	26 5 	59-60 3 	18-20 

U.k. B. 	6 

8 	24-26 2 	14 	-9 4 	28 	25 6 	16 	15 
5 	41 	42 7 	26-26 7 	B 	7 U.K. 6, 0 U.K.?, 	2 3. FOB FOB 

4 	43-40 I FOB FCB I. FOB FCB 0 	0 -14  

U.K. 0. 	7 6 	17 -15 U,K 	3,17 U.K. 	2,11 7 	0 	-1 . 
U.K. 	4, 	4 H.K. 	5, 	2 0 137-138 0 	14 -16 2 	20 -23  

I FOB FCA 8 	16 -19 1 FOB FOB I FOB FOB 
U.k. 	3, 	B I FOB FCA I FOB FOB 2 	333-133 2 	50 	50 

7 
1 	0 	-4 1 	30 	24 1 	0 	-3 

3 	7 	-B I FOB FCA 0 	4 .3 	45 0 	77 -77 4 108-106 4 	0 	-4 U.K. 8, 
1. FOB FOB 

3 	6 	-8 U,K 	1. 	3 3 	23 	18 
5 	0 	3 0 	50-49 2 	98 	96 2 	23 	21 6 	69-67 

0 5 	7 	1 
7 	12 	-5 

1 FOB FOB 
1 	118-173 U.K. 	1118 7 	0 	-4 2 	89 -89 4 	38 	36 4 	53 -50 

U.K 	61 	1 
U.K. 	7, 	3 
1 FOB FCB 

3 	0 
3 	0 	1 

3 	331-130 1 FOB FCA 4 	40 -38 6 	32 	33 6 	B 	-2 
1 FOB FCB 1 	60 	60 

U,K. 0. 	8 5 	103-103 0 	0 	-4 U.K. 	2,12 6 	45-45 
4 	5 U.K. 5, 	3 1 	9 	12 3 	72 	71 U.K. 8, 	8  

I FOB FCA 7 	57-56 2 	0 	-4 1 	FOB FCB U.K. 
1 FOB FOB I FOB FOB 3 	0 	2 5 	31 	27 1 FOB FOB 

0 220 222' 4 	9 	-4 0 	29 -28 U.K. 	3, 	9 
1 FOB FOB 1 	77 -76 1 	107-307 5 	0 	8 0 	42 	42 

2 	93 	98 - 	U.K. 	1, 	4 2 	9 	11 
4 	16 -16 U.K. 	1.

43 1 	20 	25 3 	43 - 3 	71 -68 U.K. 7, 	4 2 	50 	54 

4 	136 	139 1 FOB FOB 19 
5 3 	19 	39 5 	63 -62 5 	85 -83 U.K. 6. 2 ' 	I FOB FCA 

6 	57 	62 0 	31 	29 1 FOB FOB 6 	9 
15 5 	16 7 	12 -18 7 	24 -26 3. FOB FOB 0 	27 -26 H.K.8. 	9 

B 	53 	51 2 	41 	39 1 	31 -30 0 	6 	-4 2 	0 	-2 I. 	FOB FC* 

4 	20 	18 3 	24 -25 P4,K 	2,13 1 	8 	9 
U,K 	4, 	6 U,K 	5, 4 2 	0 	-5 4 	16-16 1 	29 	29 

U.K. 0. 	9 6 	15 	14 
' 	8 	B 	5 U.K 	1,20 

1 FOB FCB 
1 	11 	-10 U.K. 	3.10 3. FOB FCB I FOB FCA 4 	0 	-3 

0 U.K. 	7, 	5 U.K. 6.10 L FOB FCA 
1 	66 	86 1 FOB FOB 3 	12 	33 3. FOB FCA 0 	69 -69 0 	0 	5 6 	0 

1. FOB FOB I FOB FOB 

3 	35 	37 U.K. 	It 	5 0 	42 -40 5 	1 	-15 0 	46 -45 2 	38 -35 2 	33 	33 
0 	5 4 U.K. 6. 	3 1 	0 	-6 0 	17 -16 

5 	72 	75 1. 	FOB 	FOB . 2 	0 	-1 4 	43 -46 
24 -27 6 	31 	13 1 FOB FCA 3 	0 -12 2 	0 	-3 

7 	B 	9 1 	33 	28 U.K- 	2, 	0 U.K. 	2,14 4 	30 -29 6 
57 	57 5 	0 	-1 

3 	26 	23 1 FOB FOB I. 	FOB 	FOB 6 	0 	2 
U,K 	4, 	7 H,K 	5, 	5 3 	58 	53 U.K. 9, 	1 

U.K. 	0,10 5 	20 	22 0 209-198 
2 	332-338 

0 	71 	72 
2 	121 	123 U.K. 	3.11 1 FOB FOB 1 FOB FOB 5 	36 	35 U. K. 7. 6 

FOB FCA 
1 FOB FOB  
1 	0 -12 I FOB FOB 

0 	8-10 
7 	8 	12 

4146-149 4 	61 	61 1. 	FOB 	FOB 1 	0 	-2 1 	15 	17 
0 	8 3 U,K. 6. 4 

1 
0 	39 -34 

2 	06 -89 U.K. 	1, 	6 6 	142-131 6 	64 	62 0 	107 	106 3 	0 	-5 
1 5 	21 	18 1 FOB FCB 2 	75 -82 U.K. 9. 	2 

4 	9 -15 1 FOB FCA 8 	73 -72 3 	lOS 	105 - 5 	0 
7 	0 	-2 7 	0 	3 0 	50 -49 4 	32 -31 I. FOB FOB 

6 	34 -34 0 	363 	164 U.K. 	2,15 5 	59 	58 
2 	41 -40 0 	31 -33 

2 	108 	113 U.K. 	2. 	1 1 FOB FOB 
-17 U.K. 	3,32. U.k. 	4, 	8 U,K. 	5. 	6 4 	28 -28 U,K 	I t 	7 2 	0 	I 

U.K. 	0.11 4 	105 	106 3, 	FOB FOB 1 	16 
0 	-3. 3 1 FOB FOB 3. 	FOB FCB I FOB FOB 6 	23 -23 1 FOB FOB 

I FOB FOB 6 	58 	60 1 	34 	35 
14 -01 ' 	5 	20 -36 0 	25 -24 0 	135 	134 0 	132 	329 1 	21 	23 

-1 
U.K. 9, 	3 
3.  FOB FCA 1 	13 	7 B 	41 	43 3 

5 	39 	34 2 	23 	22 2 	84 	86 2 	47 	48 U.k. 6, 5 3 	0 
9 	27 	25 1 	44 -43 3 	6 	-2 

5 	7 	7 U.K. 	1. 	7 7 	35 	-16 U.K. 	2,16 4 	13 -12 4 	96 	92 1 	93 	89 
36 	34 6 

1 FOB FCA 
3 	49 	49 

1 	0 	-4 1 FOB FOB I 	.-OB 	FCB 6 	12 	11 6 	56 	55 , 
3 	46 	51 U,K* It B H.K. 9, 4 

1 	55 -6C U,K' 	2, 	2 0 	28 -28 
U.K. 	3,13 U.K. 4, 	9 U.K. 5, 7 5 	25 	29 1 FOB FCB I. FOB FOB 

U.K. 0,12 3 	53 -56 1 FOB FCB 2 	34 -35 
23-22 4 I.FOB FCB I FOB FCB I FOB FCB 0 	0-21 0 	0 	2 

32 I FOB FOB 5 	30-28 0 	30 	27 
1 	0 	-2 1 	64 	62 1 	21 -26 H.K 	6, 	6 2 	55 -54 2 	12 

0 	22 -15 7 	22 -22 2 	34 	-4 
3 	0 	4 3 	36 	34 3 	43 -43 3. FOB FOB 4 	20 -20 

2 	33 	31 4 	14 	33 U.K. 	2,18 
5 	0 	-5 5 	53 	52 5 	0 	3 0 	30 	31 U.K. 9, 5 

4 	10 	-9 U.K. 	1, 	8 6 	9 	4 1 FOB FC* 2 	3* 	33 U.K.?. 9 3. FOB FCC 
6 	9 	10 1 	FOB FOB 8 	10 	. 4 0 	56 	53 

10 U.K. 	3.14 H.k 	4,10 U.K. 5. 8 4 	26 	77 3. 809 80* 1 	0 	S  
0 	99 	98 
2 	68 	69 U.K 	2, 	3 

2 	6 
1 FOB FCA I FOB FOB 1.-FOB FOB 6 	17 	17 1 	16 	19 

3 	12 	15 U.k. 9. 6 U.K. 0.13 
I, FOB FOB 4 	61 	65 1 FOB FOB U.K. 	2,19 0 	45 -43 0 	16 -38 0 	79 	63 

2 	32 	30 U.K. 6, 7 3. FOB FCC 

1 	0 	-1 ' 	6 	36 	37 1 	98 	98 1 FOB FOB 2 . 58 -56 2 	49 -49 
4 	18 -11 4 	51 	56 I. FOB FOB U.K 	1.30 0 	53 	54 

3 	21 	20 8 	27 	25 3 	103 	302 1 	34 -*4 4 	33 -33 
6 	18 -16 6 	20 	22 1 	0 	2 3. FOB FOB 

S. 	35 -20 
H.K. 	1, 	9 

5 	43 	46 
7 	52 	51 U.K. 2.20 U.k. 	3,15 . 3 	0 	-0 0 	25 -25 
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show any unexpectedfeatures. Some reflections were then remeasured and 

all of the atoms were g1lawed anisotropic temperature factors. Several 

more cycles of least squares were run, and the final value forwas 0.069. 

• 	The anisotropic parameters were introduced in the form 

exp(- 11h2  -p22 2  .-p3 2  -2 12hic -2 1 	-22), with 	= 	where 

• 	is the length of the I th reciprocal axis. With this notation, the 

	

e
ll anisotropic thermal parameters B 	are in units of (12) which are used for 

isotropic thermal parameters B in the temperature factor of the form 

exp(-f2sin2e). The atoms in special positions lie on perpendicular 

mirror planes, thus requiring that the axes of the ellipsoids of thermal 

vibration be parallel to the reciprocal axes. Therefore, for these atoms, 

2 = 	
0. 

The atomic coordinates are listed in Table II, and the anisotropic 

temperature factors in Table III. An electron density difference function 

was calculated following the last cycle of least squares rOfinement. The 

largest peak corresponded to 0.79 electrons/A3 . 

Table II. Atomic coordinates from least squares refinement. Standard 

deviations are o{y) 0.0002 for Cs and Ru. 0.0004  for Cl(l) and 0.002 

for 0. For Cl(2), o-(x) o) = 0.0006. Cs2RuC 1SH2O. 

Ato 	•.x  

Cs(].) 	(0.25oo). 	O.47l 	(0.0) 	/ 

Cs(2) 	(0.200) 	0.7534 	(0.0) 

Ru 	(0.2500) 	0.1153 	(o.o) 

CI (1) 	(0.200) 	0.2490 	(0.0) 

cf(a) 	0.1605 	0.1112 	0.2222 

0 	(0.2500) 	0.9936 	(o.o) 
•() :paantheses indicate parameters which were subject to constraints. 

- 	 ---.-.---.- 	 -•---.--- 	 - .-.----••----.-•--•-•--•-.,,-*-. •- - -•-- 
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Table III. 	Anisotropic thermal parameters.for CS2RuC15H20. 

Atom 33 12 .l3 23 

 2.69 3.36 3.21 (o) (0) (0) 

 L.oS 2.63 2.86 (0) (0) (0) 

Ru, 1.60 3-163': 1.66 (0) (0) (0) 

ci(i) 3.54 1.26 2.90 (o) (o) (o) 

cl(2) 2.73 2.95 3.03 -0.13 -1.07 o.fl 

0 1.79 4.44  3.70 (0) (0).. (0) 

() Parenthesé3 indicate parameters which were subject. to constraints. 

DESCRII0N OF'THE STRIICTIffiE 
0# SflSflflflflfl flSt$ Sfl# 	 n nfl*4 	 4 

Figure ]. is a drawing. of the unit cell in-ajc1ittograpbiC projection. 

The octahedral environment of the ruthenium is shown in Figure 2 • 	A list 

of the distances and angles including the estimated standard deviation is 

given in Tables IV and V. 

Table IV. 	Distances in Cs 2RuC].5H20 

Arom 1 to Atom 2 Distance (A) Atom 1 to Atom 2, Distance (A) 

Ru - 0 	' 2.104 + 0.028 Cs(2) 4 C1(2) 3.619 + 0.004 

- Cl(1) 2.311 + 0.008 -;2 ci(i) 3.701 + 0.002 

- ) 	Cl(2) 2.353 + 0.004 - 0 4.153 + 0.028 

- Cs(2) 4.404 + 0.002 C1(l) - 	c(2) 3.347 + 0.007 

- Cs(l) 4.458 + 0.003 - 0 1.14 + 0.028 

CsW - l c].(2) 3.408 + o.00t cl(2) - 0 3.109 + 0.018 

- L 	C].(2) 3..90 + 0.004 - 01(2) 3.289 + 0.008 

- 2 0 3.720 + 0.003 - Cl (2) 3 363 + 0.008 

' 	- Cl(1) 	' 3.848 + 0.008 0 - 2 0 3.999 + 0.004  

- Cs(l) 4.113 + 0.003 
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Table V. Bond Angles in Cs 2RuC15H20. 

Atom 1 — Atom 2 — Aton 3 	Angle (degrees) 

C1(2) -Ru 	— 0 	 88.3 + 0.1 

C1(2) — Ru 	— 01(2) 	91.2 + 0.2 

Cl(2) - Ru 	— 01(2) 	88.7 + 0.2 

ca(2) — Ru 	— ci(i) 	91.7 + 0.1 

Cs(l) - 0 	- Cs(2) 	84.1 + 0.4 

Cs(l) - 0 	- Ru 	95.9 + 0.4 
. 	 -..--•.-•- 	 •- 	 •. 	

..-.-. 	 --..-.. 	 - 

The ruthenium atom lies out of the plane of the four 01(2) atoms 

a distance of 0.07 A, and the resulting ci(i) - Ru — 01(2) angles 

differ from 90
0  by several t5mes the estimated standard deviation. In 

addition, the 01(2) atoms lie on the corners of a rectangle instead of a 

square. Thus, the point rôup at the ruthenium is 2mm instead of the more 

In the potassium salt 	the point group at the 

ruthenium is 1. The four chiorines do not lie in a plane, and the ruthenium 

lies on a line through two of the chiorines, rather than on the chlorine 

oxygen line. The space group of the potassium salt is Puma with Z = 4. 

A review of Ru — Cl and Ru — 0 distances is given in the paper by 

Khodashova on the potassium salt. We may note here, however, that in 

the cesium salt the average Ru — C]. and Ru - 0 distances are the 'sa.e- - 

is those fOund for:-the'-pbtaSSi11- salt wthn°  the -- limItsof' the i'povtted 

ériiienta2Y'e±146r8.L2.10 + 0.03 A compared with 2.12 + 0.05 . A,and 

- 

	

	2.34 + 0.005 A compared with 2.35 + 0.02 A. In both cases, the Ru - Cl 

bond opposite the Ru - 0 bond was found to be shorter by about 0005 A 

- 	 44 	lovi 	rl honda 	 - 



This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission: 

Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor-

mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on behalf of the 
Commission" includes any employee or contractor of the Corn-
•rnission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 

of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 
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