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1o ' BY TED E. HOPKINS, ALLAN ZALKIN, DAVID H. TEMPLETON, AND MARTYN G. ADAMSON

i X-ray diffraction study of a single crystal of CsaRuCISHzo showéd
. | that it is orthorhombic with a = 7,986 A, b = 17,289 A, and ¢ =

7.hOO ﬁ,‘g = h,‘.c_l_x = 3,65 g cm-3. The space group is Amam. The

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

atoms and one water molecule. The Rumygo:ahd.avéfagd Ru--iCI distances

|
/

L are 2.10 A and 2.34 A,

AR

_(1)4 Work done under the auspices of the U. S. Atomic Energy Commission.
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INTRODUCTTON

Aqueousvruthenium species have been étudied'extensively‘bynConnick, et al,: .
with particular emphas{s on ruthenium (III) 2'). In the course of their :
work,a number of aquochlororﬁthenates with various cations have been prepared,
and it seemed of inperest to determine the crystal structures of some of them.
'Aquopentachlororﬁﬁhenates with cations of botassium, rubidium and cesium have
.been obtained. As far as we know, the crystal structure of only ﬁhe potassium
salt has been reborted f?). Noné of the salts in this series is isostructural
with éither of the others. This paper is a report on.the'cesiuh salt.

EXPERIMENTAL

Smallvwell-shaped crystals of CszRuCISHZO were obtaiped by adding
sufficient 1M cesium chloride solution to a ruthenium (III) solution in hydro-
chloric acid to give the folloﬁing concentrations: [Ru(III)] = 0.05 M,
tCs+]v 0.25 M a.nd [Cl-], = 2 M.  Under these conditions, the chloride ion
concentration is low enough to assure that crystal growth is slow. After
standlng at 0°C for L8 hours, cnystals were separated from the mother liquor
on a Buchner funnel, quickly washed twice with ice-cold water and partially
dried by'suctiori,° Final traces of moisture were removed by heating at 105 c
for 30 minutes. Ahalyses;for Ru, Cl and H20 confirmed the formula CszRuClsto;

" The preliminary determination of the space group and cell dimensions
was made using the Weissenberg technique and copper radiation. A single

crystal in the form of a prism 0.1 x 0.021 x 0.02 mm was used. The sides

S e

- {2) H. H. Cady and R, E. Connlck Jo Am, Chem. Soc., 80, 26L6 (1958).

R. E. Connick and D. A, Fine, J. Am. Chem. Soc., 83, 3h1h (1961).

¢3) Te S. Khodashova, Zhur. Struckt. Khim., 1, 333, (1960). .
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parallel to the long axis comprlsed the form {126} The measured dihedral
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angle was ~ 85 while the calculated angle is 85 28 . The crystal was mounted
with the c - axis as the axis of rotation in phi. The cell dimensions and in-
tensitieé were measured with a General Electric XRD-5 goniostat equipped
wiih a scintillation counter, using MoKa radiation (X = 0,70926 A for 591).
There are 525 independent reflections‘permitted by the space groupu G
,~in thé sphere of reflection with sin /A < 0.596 (29_< 50°). These were
Tmeasufed with counting times of 10 seconds each and 95 were recorded as
| zero intensity. No correction was hade for either absorption or extinction.
| The calculated linear absorption coefficient is W= 1Q0.0 em ™t for molyb=
dénum,radiation. For thebcrystal used, PR was less than 0.7.“ _

" Galculations were made using an IBM 70l} computer and our version (unpublished)
df the Gantzel-Sparks-Trueblood full=matrix least squares program which
‘minimizes Z.w(F - ‘F l) / (Zwl? ), where F_ and F_ are the observed and
calculated structure factors, and the welgh;; Wy ;;re all taken as unity.

The Fourier and distance programs were written by Zalkin. The atomic scattering
factors were chosen as follows* Cs*, Ru"* from Thomas and Umeda h./, c1°,
0 values taken from the Internatlonal ‘Tables 53/. Corrections for aﬁomalous
dispersion (A&f )" were made for cesium, ruthenium and chlorine by addlng
=0.5, =1.3 and +0.1, respectively to their atomic scattering functions.

UNIT CELL AND SPACE GROUP

The A-centered cell contains four formula units of CszRu015H20 and is

orthorhombic with dimensions:

L g A e

(4) L. He Thomas, and K. Umeda, J. Chem. Phys., 26 293 (1957).

(5) " International Tables for X-tay Crvstallqgraphy, 'Véli I1Ty:The Kynoth: .,

o Fréss, Birmifghsai, England, 1962.
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2 = 7.986 + 0.005, b = 17,289 + 0.008, ¢ = 7.400 +_ 0,004 A.

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

‘iodide (density 3.3 gem™2).

The Weissenberg photographs showed the following reflection restrictions:
hké: k + ¢ = 2&, hOé: h = 2n, Measurements with the goniostat confirmed

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

The extinctions correspond to the space groups A2am, Ama? and Amam, for the

'particuiar chbice of axes for the crystal. The success of the structure

-

determination confirmed the choice of the centro~symetric space grbup Amam.

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

DETERMINATION OF THE STRUCTURE

A thfee dimensional Patterson function was calculated from the observed
intensities after correction for Lorentz and polarization effects. The
cesium-ruthenium and ruthenium chlorine vectors were identified and coordinates
for the trial structure were chosen, |

Except for one set of chlorineé,1311 of the atoms are in spegial
hic): /Ly ys 05 3/4, =y, 0). + (0, 0, 03 0, 1/2, 1/2).

A set of four'chlorineé are in the generai positions: | o

60+ (o 3y 157% F B 12 -5 Y B 1248 9, 8)

+ (0, 0,03 0, 1/2, 1/2).

Three cycles of least squares refinement resulted in an R value of
0.09 with anisotropic temperature factors for cesium and ruthenium and
isotropic temperature factors for the chlorines and oxygen.. A_threé‘dimen-

sional Fourier was run on.the basis of the refined structure; 'This did not
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Table I. Observed and Calculated Structure Factors (X:1.0) for 0923“015}{29'

—— B

MyKs 0, O HeKz Oyl4 L FOB FCA L FOB FCA L FOB FCA  Hek= 4411  Hek= 8, 9 5 0 1 2 o 8
L FOB FCA . L FOB FCA 1 21 ~26 M= 2,4 0 0 -2 1 0 3 L FOBFCA L FOB FCA 6 17 -14
: 2 186 190 0 148-148 3 19 -22 L FOB FCA ) 3 0 -7 1 o s 1 22-21 MoK 6y 8
= : 4 237 255 2 10 -10 5 16 =15 0 207-199  HeK= 3, 1 5 o S .3 0 0 3 19-19 L FOB FCA HoKa To11
6 110 111 4 101-103 7 8-10 2 39-31 L FOB FCA 5. 0 S5 S la-13 0 7T2-76 L FOB FCA
6 A5 83 6 47 -50 4 108-102 1 9 =&  Hek= 3,16 2 12 -13 1 St 5%
Hek= 1,10 6 30 -27 3 15 13 L FOB FCA. MeK= 4,12 HK= 5,10 . & 62 =60 3 82 62
MeKs O, 1 HeK= 0,15 . L FOB FCA ~ 8 24 -22 5 9 -1l 0 0 -4 L FOB FCA L FOB FCA
oo L FOB FCA L FOB FCA 0 t& 19 7 13 13 2 40-39 0 10 -7 .0 28 -8  HeKe 6, 9 MoK T412
Ll ‘ 1 3 -8 1 16 10q 2 33 33  Hyk= 2+ 5 4 12 -1 2 11 10 2 35 34 L FOB FCA L FOB FCA
3 44 =50 3 20 20 6 9 11 L FOB FCA - HeK= 3, 2 4 8 -5, & 0 -8 1 37-39 0 18 -19
5 22 20 S5 ©0 -2 6 11 12 1 72 73 L FOB FCA  MeKe 3,17 6 0 6 15 12 3 43 -a2 0 16 ~19
1 28 =25 3 99100 O 29 =28 L FOB FCA s 20 -2 )
Hek= 0,16 Heks 1,11 s 23 24 2 8o 78 1 19 -18 = HeK= 4,13 HKs 5,11 MiKs 7412
Heks 0y 2 L'FOB FCA L FOB FCA 7 61 ST &4 0 -4 3 25 -22 L FOB FCA L FOB FCA  Hek= 6,10 L FOB FCA
. L FOB FCA O 41 6l 1 127-130 6 35 35 1 0 -2 1 89 -89 L FOB FCA 1 8 2
‘ 6 ‘10 7 2 26 21 - 3 104-105  HK=2, 6 - 8 .8 9 HK= 3418 3 11 9 3 61 -60 0 21 2¢
2 30-30 4 28 ) 5 89 -85 L FOB FCA L FOB FCA s 12-13 5 15 =71 2 19 18 HeKe B4 O
4 0 -1 : 7 s1-49 0 39 37  H,k=3,3 0 8 4 . 4 11 14 , L FOB FCA
6 12 -10  H.K= 0,17 2 94 95 LFGB FCA 2 0 5 MeKs 4yl4  HeR= S412 . o 82 17
8 12 -5 L FOB FCA  H.Ke= 1,12 & 37 36 1 136 132 L FOB FCA L FOB FCA HeKe 6411 2 98 9%
- . 1 70 70 L FCB FCA & 43 4l 3 131 131 - H,X= 3,19 0 101-100 O 25 -27 L FCB FCA 4 54 36
HeKe 0y ) 3 8 5 0 9-10 8 20 24 5 65 67 L FOB FCA 2 66 -65 2 21 22 1 o -3
L FOB FCA 2 9 8 T 69 68 1 27 25 4 13 -7 4 16 -18 3 0 -4 HoKe 8, 1
1 {25-120 HoK= 0418 4« 8 -8 Heks 2, 7 : ‘ . L FOB FCA
3 68 -76¢ L FOB FCA 6 0 -1 V'FOB FCA  HeKs 3, & HyKs &, 0 HiKz 4515 Hol= 5,13 © HoK= 6,12 1 0 -4
s 18-83 0 22 -8 t 7% "6 L'FOB FCa L FOB FCA L FOB FCA L FOB FCA L FOB FCA 3 8 -2
1 25 -28 2 54 =56 HyK= 1413 3 0 1 0 46-88 0 256 255 1 0 9 1 0 -4 0 12 2
. 4 9.-9 LFOBFCA 5 O & 2713 =11 2160163 .3 14 15 3 o 3 2 0 3 HeKe 8y 2
HeK= 0y 4 . 1 3 1 7 o -3 4 29 -28 & 167 183 S 9 -7 4 8 L) L FOB FCA
L FOB FCA HyK= 0,19 3 3 3 6 o -7 6 98 96 HeK= 4,108 4] [} S
0 32 27 L FOB FCA s 2 -1 Hx=2,8 8 0 -7 L FOB FCA  HyK= Selé  HeK= 6413 2 o 9
2 159 2€0 1 20 21 L FO8 FCA "~ HK= 4, 1 . O 30 28 L FOB FCA L FOB FCA 4« 0 3
4 32 3 3 0 7  H,K= 1,14 0 101-101 Hek= 3, 5 L FOB FCA 2 23 23 0 53 50 it 0o ©
6 62 62 L FCB FCA 2 173-171 L FOB FCA 1 to -8 & 26 23 2 32 30 3 0 6 Heks By 3
B 17 18  Hek= 0,20 0 61 63 & 77 -79 1 22 -20 3 25 -26 s 40 238 L FOB FCA
L FOB FCA 2 53 S2 6 84 -8l 3 26 =25 5 0 9 HiK= 417 HoK= 6414 1 40 -39
HeKs 0o 5 O 16 10 & 45 47 s 10 -11 7 11 ~-13 L FOB FCA  H,K= 5,15 L FOB FCA 3 34 -34
LFOB FCA 2 9 3 £ 32 30  HK= 249 T 19 -17 ’ 1 60 S5 L FOB FCA O 58 59
1 131-110 L FOB FCA HoKe &y 2 3 &6 &2 1 8 6 2 55 58 . HeKe 8y 4
3 42 =43 Hek= 1y 1 HeK= 1,15 I 55 -60  H,Ks 3, 6 L FOB FCA 3.0 -4 L FOB FCA
, 5 82 -89 L FOB FCA L FOB FCA 3 81 -81 L FOB FCA 0 T 6  MiKs 418 . HeK= 6,15 0 33 34
= T 15 -12 1 15 -3 t 0 -2 S5 17-19 0.83-79 2 8 -6 L FOB FCA  MH,K= 5,16 -1 FOB FCA 2 11 10
. 3 9 6 3 0 -4 1 51 -49 2 143-144 4 O 1 0 8-12 L FOB FCA 1 12-10 4 21 25
HeK= 0, 6 5 9 -4 5 0 4 4 62 =61 6 0 -3 2 30-31 0 a1 o1 .
: L FGB FCA T 0 2 Hek= 2,10 6 T4 =70 2 0 0 Hk= 71 HeK= By 5
0 135-132 HeKa 1,16 . L FOB FCA MoKz &y 3 HyKe 5y 1 © t FOB FCA L FOB FCA
237 =37 HeKs 14 2 L FOB FCA O 88 B1  HyKs 3, 7 L FOB FCA L FOB FCA  HoK= 5,17 1 0 & 1 37 -35
« 16 -5 L FOBFCA O 31 33 2 16 14 L FGB FCA 1 88 -86 1 8-10 L FOB FCA 318 18 3 29 -32
6 33 -32 0 715 -67 2 17 17 4 51 53 1 53 56 3 62 -60 3 0 8 t o0 17 s 8 -5
8 26 =26 2 14 -9 & 28 25 &6 16 15 3 26 26 5 59 -60 s 18 -20 Hek= B, &
, : 4 43 ~40 5 41 42 7 26 -26 T 8 .7 HeKm 6y O Hik= Ty 2 L FOB FCA
Hoks 0o 7 6 17 =15 HeK= 1,17 HeK= 2,411 70 -1 L FOB FCA L FOB FCA O 0 ~14
L FOB FCA 8 16 -19 L FOB FCA L FOB FCA HyKe &5 &  HoKe 8, 2 0 137-138 0 14 -16 - 2 20 =23
10 -4 1 30 24 1 ©0 -3  Hyxk= 3, 8 L FOB FCA L F0B FCA 2133-133 2 50 S0
3 6 =8 Hek= 1, 3 3 23 18 3 7 -8 L FOBFCA 0 43 45 0 77 =77 4 108-10¢ « 0 -6  Hek= By 7
5 1 1 L FOB FCA 5 0 3 0 S50-49 2 98 96 2 23 21 6 69 -67 : L FOB FCA
1 12 -5 1 176-173  H,K= 1,18 7 0 -4 2 89 -89 4 38 36 & 53 -50 Hekn Ty 3 1 o 0
3 131-130 L FOB FCA : 4 40 -38 6 32 33 6 B =2  HeK= 6y 1 L FOB FCA 3 o 1
HyK= O, 8 5 103-103 —0 0 -4  HeK= 2,12 & 45 -43 L FOB FCA 1 60 ‘60
L FOB FCA 7 s7T-56 2 0 -4 L FOB FCh : HeKz &y 5  HeK= 54 3 19 12 3 712 T HeK= 84 B
o 220 222 S 9 -4 0 29-28 H,x=3, 9 L FOBFCA L FOB FCA 3 0 2 s 31 27 L FOB FCA
2 93 98 - HeK= 1.4 29 11 L FOB FCA 1 77 -16 1 107-107 5 o 8 0 42 &2
4 136 139 L FOB FCA  H.K= 1,19 & 16 -16 1 20 25 3 43.-43 3 71 -68 MoK Ty & 2 50 54
6 57 62 0 31 29 L FOB FCA 6 8 5 3 19 19 5 63 -62 5! 85 -83  MyKe 6, 2 * L FOB FCA
86 53 51 2 41 39 1 31 -30 V. 5 16 15 7 12-18 71 28 -26 L FOB FCA 0 27 =26  HeK= 84 9
4 20 18 3 26 -25  HyK= 2,13 T 8 9 6 6 -4 2 0 -2 L FOB FCA
Hek= Gy 9 6 15 14 L FO8 FCA HeKs 4, 6 HeKa S, & 2 0 -5 & 16-16 129 29
L FOB FCA , 8. B 5  HyK= 1,20 1 11 -10  H.k= 3,10 L FOB FCA L FOB FCA & 0 -3
1 86 86 ° Y'Koa FcA 3 12 13 L FOBFCA 0 63-69 0 0 5 6 0 O MKE 7, % Heks 8,10
3 35 37  Hek= 1, 5. O 42 -40 5 11 -15 0 46 -45 - 2 36 -35 2 33 33 L FOB FCA L FOB FCA
5 72 15 L FOB FCA: B 2 0 -1 4 43 -46 & 0 5 HeK= 6y 3 1 0 -6 0 17 -16
18 9 1 33 28  H,K= 2, 0  HeXs 2,16 & 30 -28 6 24 -27 6 1l 13 . L FOB FCA 3 0-12 2 o -3
3 26 23 L FOB FCA L FOB FCA 6 O 2 : 1t 57 57 5 O -1 )
MyK= 0,10 & 20 22 0 209-198 0 7L 72 Hik= 49 7 HiK= 5§, 5 3 58 53 HeKe 9, 1
L FOB FCA 7 8 12 2 332-338 2 121 123 H.K= 3,11 LFOs FCA L FOB FCA 5 36 35  HeK= T, 6 L FOB FCA
¢ 8 -10 | 4 146-149 4 61 61 L FOB FCA 1 0 -2 1 15 17 L FOB FCA 1. 0 -12
2 86 -89 Hek=z 1,y 6 76 142-137 - 6 b4 62 1 197 106 3 0o -5 3 0 8 HyK= by & 0 39 =34
4 9 -15 L FOB FCA 8 73 -T2 3105105 -5 0 1 s 21 18 L FOB FCA 2 75 -82 Hokm 9y 2
6 34 -3¢ 0 163 164 Hoka 2,15 5 59 58 T 0 -2 T 0 3 0 50 -49 & 32 =31 L FOB FCA
2 108 113 HeK= 2, 1 L FOB FCA . 2 41 =40 o 31 -3
HyKa 0411 4 105 106 L FOB FCA 1 16 -17 : MyK= 3,12, HiK= 4, 8 HyK= 5, 6 & 28 =28 HyKk= Ty 7 2 0 1
L FOB FCA 6 58 60 1 34 35 3 ‘0 -3, "L'Fos Fca L FOB FCA L FOB FCA 6 23 -23 L FOB FCA
1 13 7 8. 47 43 3 14 -11 © 5 20-16 0 25-24 0 135134 0132 129 1 21 23 Heks.9¢ 3
3 6 =2 5 39 34 . 2 23 22 2 84 86 2 4T 4B HeKe 6, 5 3 0 -1 L FOB FCA
5 7 T HeKa 14 7 7 15 16 HeK= 2,16 4 13 -12 4 96 92 4 93 69 L FOB FCA s 21 25 1 44 43
7 0 -4 L FOB FCA L roB FCA 6 12 11 6 56 55 6 36 3% 1 49 49 :
1 55 -6C  HeK= 2,2 O 28 -28 3 46 51 HeKe Ty 8 HoKe 9y &
HeK= 0412 3 23 56 L'FOB FCA 2 34 =35  HyK= 3,13 HK= 4y 9 HiK2 5, T s 25 29 L FOB FCA L FOB FCA
LFOB FCA 5 30 -26 0 30 27 4 23 -22 L FOB FCA L FOB FCA L FOB FCA 0 0 -21 o o 2
0 22-15 1 22-22 2 14 -5 1 o -2 1 64 62 1 271 -26 HeK= 6, 6 2 955 -5 2 12 2.
2 13 31 . 4 14 13 HeK= 2,18 3 0 4 3 36 34 3 43 -43 L FOB FCA & 20 =20 :
4 10 -9  HyKks 14 8 6 9 & L FOB FCA 5 0 -5 5 53 52 s o 3 0 30 31 HeKe 9, 8
& 8 10 L FO8 FCA @ 10 4 0 56 52 2 31 33 MR Ty 9 L FOB FCA
. 0 99 98 2 P8 10 ke 3,14 MK 4,10 HiKa S, 8 & 26 27 L PO® PCA 1 o s
MeKw 0413 2 68 63  HeKs 2, 3 L FOB FCA L FOB FCA L _FOB FCA 6 17 17 1 18 18
L'FOB FCA 4 67 65 L FOB FCA  H.K= 2,19 0 45 -43 0 16 -i8 0 79 83 3 12 15 MK= 9, 6
1 © ~1- 6 36 37- 1 98 98 L FDB FCA 2.58 -56 2 49 -49 2 32 30 MeKe 6y 7 . L FOB FCA
3 21 20 8 21 25 3 103 102 1 14 =14 2733733 4 18-17 4 ST 56 L FOB FCA  H.Ks 7,10 0 55 354
5. 15 =20 .5 43 46 6 18-18 6 20 22 1 0 2 L FOB FCA

4

- HeKe 1o 9 7 %2 51 HoKe 2,20 MeRe 3,15 3 0o -0 o 25 -2%

Cromn



- Show any unexpected features. Some reflections were then remeasured and

all of the atoms were g#llowed anisotropic temperature factors. Several

more cycles of least squarés were run,'and the final value for R was 0.069.

B

. anisotropic thermal parameters gii are in units of (52) which are used for

The anisotropic parameters were introduced in the form

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

isotropic thermal parameters B in the temperature factor of the form

'exp(-gx-gsinze).

The atoms in special positions lie on perpendicular

mirror planes, thus requiring that(the axes of the ellipéoids of thermal

vibration be parallgl.to'the"reciprbcal axes. . Therefore, for these atoms,

B

0 = §13 =

B

23

« 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_5quaresi}efinement. ‘The

largest peak corresponded to 0.79 electrons/ﬁB.'

fo

Table II. Atomic coordinates from least squares refinement. Standard

~ deviations are o{y) = 0.000for Cs and Ru, 0,000k for €c1(1) and 0,002

~ for 0. For'CI(Z), o(x) = ofy) - 0,0006. CseRuCISHZQ.

e e e e e e

Atog - X b4 2z -
Cs(1) (0.25000%. 0,475 (0.0) o
os (2) L (0.2500) 0.7534 (0.0 :
Ra 7 (0.2800)  0.1153  (0.0)
1)  (0.2500)  0.2490  (0.0)
c1(2) 0.4605 0.1112 (062222
o (0.2500) 0.9936 (0.0) ‘

'(g)jfféfanthesés indicate parameters which were subject to constraints.

=
| copmmes

- T "_-ﬁCRLJl6759
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Table III. Anisotropic thermal parameters.for CszRuCISﬂeo.

.

Atom By By, By3 By By By
cs(1) 2,69 3.36 3.2 (0%  (0) (0)
8(2) La0S5 2463 2;86 (0) (0) (0) -
Ru . 1.60 1363 1.66  (0) (0) (0)
c1(1) 3.8k - 1.26 2,90  (0) (0) (0)
C1(2) 2,73  2.95  3.03 =0.13 =107  0.37
0 1.79  Labk 3.70  (0) 0.  (0)
() Parenthesés indicate parameters which were subject to constraints.

e

NS M NN A

CRIPTION, OF THE, STRICTURE.

 Figure 1 is a drawing of the unit cell in-aiclinhographie projection.

' The octahedral enviromment of the ruthenium is shown in Figure 2,

A 1list

“ of ﬁhevdistances and angles including the estimated standard deviation is

given in Tables IV and V.

. ’

Tsble IV. Distances in Cs,RuClgH,0-

e

——

——

‘Arom 1 to Atom 2

Distance (A)

Atom 1 to Atom 2 Distance (&)

. "Ru

o

- 2.10L + 0,028

- €1(1) 2.311 + 0.008

- L4 c1(2) 2.353 + 0.00k
-'.C_s(z) .ok + 0,002

- Cs(l) L.L58 + 0.003
Cs (1) - b c1(2) 3.1,08 + 0.00kL
S ha@  3.59 + 0.00k
| -20 3.720 + 0.003
-01(1) 3,88 + 0,008

- cs(1) 4113 + 0.003

'Cs(2)~* L c1(2)

c1 (i)

c1(2 )v

3.619 + 0.00L

»2 €1(1) 3.701 + 0.002
0 L4.153 + 0,028
L €1(2)  3.347 + 0.007
0  L.la5 + 0.028
0 3.109 + 0.018
c1(2) 3.289 + 0.008
c1(2) 3.363 + 0,008
20 3.999 + 0.00L
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L F_iguréa 2. Ruthenium environment in CszRuCISHZO."_ -
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~ Table V. Bond Angles in Cs RuClSH 0. ’ o

'Atom 1 - Atom 2 = Atom 3 Angle (degfees)‘-‘
- €1(2) =Ru =0 88.3 + 0.1

c1(2) - Ru - €1(2) %1.2 + 0.2

€1(2) - Ru - C1(2) 88.7 1_o.2f

G2 -Ru - ClQ) 91.7 + 0.1
(1) -0 - cs(2) 8L.1 + 0.l

cs1) -0 - Ru 95.9 + 0.L

The ruthenium atom lies out of the plane of the four C}(2) atoms
a distance of 0,07 A, and the resulting c1(1) - Ru - C1(2) angles
»'diﬂfer from 90° by several times the estimated standard de§iation. In
addition, the c1(2) atoms lie on the corners of a rectangle instead of a
square. Thus, the point group:at the ruthenium is 2mm instead of the more
symmﬂtﬁicélﬁgbﬂmpﬂhﬂgo In the potassiﬁm salt ?%),'the point group at the
ruthenlum is 1. The four chlorines’do not lie in a plane, and the ruthenium
lies on a line through two of the chlorines, rather than on the chlorine =
oxygén line. The space group of the potassium salt is Pnma withZ = L.
" A review of Ru = C1 and Ru - O 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 = C1 and Ru = O,distanoes are the same.
: ﬁs tﬁbée fbuod’for'therpbtassihm.Shlty“ﬁ&thin3thewlimits%of?thé teported
axperimentalferrbrad 12,10 + 0,03 A compared with 2,12 + O. 05 R,nand -
.f2 3b + 0 005 - A compared with 2,35 + 0. 02 A. In both cases, the Ru ~- Cl
B bond opposite the. Ru - 0 bond was £ound to be shorter by about 0.05 1

"‘oompared:to the-remaining Ru = Cl bonds..
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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:

A.

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, "peérson acting on behalf of the

Commission" includes any employee or contractor of the Com-

‘mission, 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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