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CCHTH.IBUT1ON FROM THE LA.'1RENCE RADIATION ILCHTOP ANT) DEPAT)THT OF CflHTRY, 

Ii IvNs: C C LL 	B?CLIY, CAITHOR ITA 
67 

S 	Cstal and Mo] ecular 	"re of 

cis 

HY TED E. HOPKINS, ALLAN ZALKIN, DAVID H. ENPITON, AND MARTYN G. ADAMSON 

X-ray diffraction study of a single crystal of (C 6H5 ) 11As Ru c1 11 (H 2 0) 2 H20 

showed that it is monoclinic with a = 1.09 A, b = 16.711 , c= 10.996 A, 

p = 99.88 1 , D := 1.619 g cm 3 . The space group is P2 1/n amd there are 

four formula units per unit cell. The ruthenium is surrounded by an 

octahedron coraposed of the four chlorine atoms and two water molecules. 

A cis-configuration was found for the waters in the octahedron. The 

average Ru - 0 and Ru - Cl distances are 2.12 A and 2.311 A. An .unsyrn-

;metiia1. configuration was found for the tetraphenylarsoniuin ion, with 

an average As- C bond length of 1.91 A. 

Q 	 S. 
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Ii;Tron1:cTicN 

In the course of aseries of studies of aqueous ruthenium secies by 

4 	Professor Connick and others at this laboratory, a number of ruthenium 

sts have been prepared. We have determined the crystal structure of a 

cesium aquopentachlororuthenate, and of a hexachlororuthenate 2  The 

diaquochloro complex is interesting because of the possibility for cis- 

trans isomers. When it was found that single crystals of the complex could 

be obtained using the tetraphenylarsonium cation, the structure determination 

was undertaken to determine the configuration of the ruthenium complex. 

EXPERII€NTAL 

A solution of chlororuthenate species containing a high proportion of 

the complex ion RuCl(H2O) 2  was prepared by shaking a solution of 0.1 M. 

ruthenium (III) in 2.5 M hydrochloric acid with clean mercury and allowing 

the Ru (III) solution to stand over the mercury for several hours. After the 

solutioi was.: 6epardtedc from the mercury, it was filtered and sufficient 

aqueous tetraphenylarsonium chloride solution (0.3M) was added, dropwise 

with stirring, to give equimolar amounts of As 	and Ru (iii). On 

standing at 00 
 for 48 hours, the solution yielded a number of fairly large 

ruoy-red prisms wviich were collected on a falter nad, washed well with ice-

cold water, and finally dried over "anhydrone" in an evacuated desiccator. 

The mtdrb.of the anion in this salt was shown to be exclusively one 

isomer of the complex. This was done by carrying out ion exchange and spec-

tral anaJ.ysis on a freshly prepared solution of the salt in 1 M hydrochloric 

acici at 00  Study of the aqueous complexes will be reported elsewhere 3)4 
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The peliminary determination of the space group and ccl]. dimensions 

• 	was made us±nthë Weissçnbrg technique and copper radiation. A single crystal: 

rouf7hly cubic in shape with dimensions 0.15 x 0.17 x 0.18 mm was used. The 

crystal was mounted for rotation around the b as. The cell dimensions and 

• 	intensities were measured with a General Electric XRD-5 diffràctometer with 

a scintillation counter, pulse. height discriminator and a quarter circle Eulerian 

cradle goniostat. A.molybdenum tubewàà ised, operated at 50 KV and 20 ma, 

with a Zr filter used at the receivirg slit. The wavelength of No Ka was taken 

as 0.70926 A. 

There are 2731 independent reflections permitted within the sphere of 

reflection for sin O/X < 0.494 (20 < 410 ). The intensities were rasured 

by taking 10 secor4 counts .,-with.the crystal stationary. No correction was 

made forOither absorption or extinction. The calculated linear absorption 

coefficient is ri 22.4 crc' for molybdenum radiation. For this crystal, th, 

Calculations were made using a IBM 7024 computer, and in the last stages 

of the leastsquaresrefinerrent when it was desired to increase the number of 

paraneers, a CDC 6600 computer was used. The programs used were the Fourier 

and aistance programs written by Zalkin, and our version (unpublished) of the Gantzel-

Sparks-Trueblood full-matrix least squares program which minimizes 

-c2/ol2 F0  and 	are the observed and calculated structure 

factors, and the weights, w, were all taken as unity. The atomic scattering 

factors were chosen as follows As neutral, 'u +3, values taken from Thomas 

and Umeda5 , Cl -1, and neutral 0, C, H 'rorn the International Tables 6 . • 
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Corrections for the real part of the anomalous dispersion 
(it) were made for 

a' c'nc, rutefl1Ur an c1orne by adding +0J, -13 and +0., respectivelY, 

to their atomic scattering functions 1 . 

CR u c s 

The prrative cell contains our formula units of (C 6I)As RuCl(h20)..H20. 

IL is nonoclifliC with amensiOn5 

a = 1.09 + 0.00, b 16.711 + 0-005 c = 10.996 + 0.00 A 

p= 99.88 	0.01
0 

. 

3  
The ca1xlated density is 1.619 g crct, and a rough measurement gave 1.7 

 

The Weissenberg photographs showed. thu following reflection restrictions: 

h0: h + Z = 2n. Neasurements with the goniostat. confinned this obseratiofl 

and the restriction OkO: k 2n was observed. These conditions correspond to 

'space group P21 /n. The 6bserved and calculated structure factor magnitude.s 

are given in Table I. 

TETUTlI'TATT(.N O THE 5TRUCTLRE 

A tbrce dimensional Patterson function was calculated from which the 

Ru-Ru, R-C1 and Ru-As vectors were idcntied. After several series of 

least squares refinements and adjustments of the, structure, the R factor 

was 275 A' three dimensional Fourier was then calculated from which all of 

the carbon atoms were located, as well as an additional molecule of water. 

All of the atoms are in general positions: 

14(e) 	+ (x, , z, 1/2 - x, 1/2 + y, 1/2 - z) 

The isotropic thermal paramate had the, form. e(-B 2sin2e). 

The anis'otloPic bhermal paramatez's were introduced in the form 

1.. 
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TJ.e I. Oserved and Calculated Structre 'acors U. 1.0) for 

(c 6H) s RuC1 1  (H20)2 ''2' 
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Table I. Observed and Celculated Structure Factors (X 1.0) for 

(C6H)As RuCl(H 2 0) 2 .H 20. 
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£) -h222 	 -2Bh' 2f: 	2
L. 	1tri !H= 

whore a is the length f the ± th reciprocal axis. The carbon atoms were 

asoirned isotropic temperature factors while the Ru, As, Cl anc C ators were 

c von BnisotropiC temperature factors. Nith a full iratrix treathent of all 

178 pararotor5, the R factor was reduced to 0.067. The final values of the 

parameters are listed in Table II. The unit cell is shown in Figure 1 

Discussion of the Structure.-- Several structures involving tetraphenyl- 

arsonium and tetrphenylphoSPhOn±um cations have been reported: (C6})AsI 8 

(C6HAsI3 	, (C6H)AsFeCi 10, and (C&i)PI 	In the first two 

examples, the point symmetry at the arsenic is T2m, with the planes of the 

henyl rings perpendicular to the mirror planes. In the second two examples, 

the point scnetr is only 2. The phenyl rings in (C 6H)As Fe Cl point to 

the corners of a iegular tetrahedron, but the planes of the rings are rotated 

280 , destroying the mirror planes. In (C 6H)PI, the phenyl rings po.nt to 

the corners of a distorted 'tetrahedron forming an1es about the hosphors 

of 103
0 
 and 113

0 , and the planes are rotated 52
0  in this case. No simple 

description is possible for the configuration of the phenyl rings in the 

present example of the ruthenium salt. In this case, the arsenic is situated 

at a point of syroietry 1, and the phenyl groups have taken correspondingly 

free Dositlons aroLna the arsenic. The details of the configuration are given 

in Table III, where I, II, III, IV refer to the four phenyl rings 

Since the carbon atoms in the phenyl rings were not restrained in the 

leaât squares rofincnent, the individual rings departed slightly from 6/mm 

ynn'ery. The average of the 24 C - C bond lengths is 1.396 A, with a spread 
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Table II. Positional and therrn 	paraeters in (C 6H)s RuC1(}{20)2.H20 	.. it 

-. .'........ 	- 	-.--.- 

Atrn 

. -... 

Y !Ill22 333-213.23- 

- 

X 

Ru - 0.872 0.516 0.7585 3.28 3.72 3.32 0.11 0.1 0.00 	-; 

As - 	 o.l69 0.0785 0.7332 2.56 2.75 3.38 0.23 0.12 -0.01 

ci(i) 0.3829 0.5818  o.8566  3.96 5.36 1.29 0.66 
1 

0.8 -0.3 

 0.3813 o.4884 0.5838 3.52 6.15 3.51 -0.26 0.09 -0.5 

 0.5308 0.6382 0.6796 .75 3.16 5.0 0.14 0.89 0.39 

ci() 0.461 0.3895 0.8391 5.75 .02- 4.39 -0.55 1.05 0.61 

o(a) 	- o.5865 0.5358 -0.9173 3.89 5.89 3Ji -0.20 o.L0 0.04 

0(2) 0.58 o.623 o.6Th8 3.2 6 3.Th 0.72 0.0 -0.02  

0(3)- 0.02 0.1822 0.0983 12.4 - 	 7 7.63 -0.66 0.01 0.17 

c(I1) 0.393 0.1309 0.5926 3.c - - 

 0.3189 0.0852 0 lj.865 1 	9 

 0.2656 0 12).9 0 3866 5.9 

c(1) 0.289 0.2063 0.3914 6.3 

0(15) 0.2840 0.2197 o.4922 7.3 - 	 - 	 -- - - - 

c(16) 0.3338 0.2124 0.5995 5. 6 

c(iii) 0.3514 0.1309 0.8793 3 6 

c(112) 0.3130 0.1121 0.9194 5.3 

c(n3)1 0.2920 0.1577 1.0226 6 2' 

c(114) 0.3530 0.2161 1.0785 5.2 

c(iiS) 0.4301 0.2313 1.0359 5.1 

c(116) 0.4502 0.1898 0.9339 46 

- . . 	 . 
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(:able Ii. 	Continued) 

c:::) 0 521 c o7oh 0. 7 312 3  6 

0(1112) .o.606 0.0511 0.830 5.0 

oTT3) 0.6969 o.o656 0.8253 5. 

0.729 0.0968 0.7267 6.0 

• 	c(:nS) 0.6651 0.127 0.6252 5. 

0(1116) 0.5707 0.120 0.6283 4 .3 

c(ra) 0.3893 0.9670 0.7260 3.3 

C(1V2) 0.301 -0.0579 0.726L1. 5.0 

• 	c(:v3) 0.2828 -0.1119 0.7187 6.2 

C(iV) 0.3528 -0.1957. 0.7106 6.1 

c(:vS) o.38c -0.1696 0.705 .8. 

c(iv6) 0 .599 0.08.71 0.7150 5.0 

, Standard deviations of the positional parcureters of Ru and As are 0.0001 or 

less, Cl 0.0003 or 1es, and 0 and C 0.001 or less. 

Standard deviations of the thermal parameters 	are 0.05 or less for 
	Ru and As, 

0.2 or less for Cl, 0.4 or less for 0 and C, except for 0(3) whch was 0.8 or less. 

Only jsotropc 	enperature factors were used for the carbon ators. 
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ThL ::I. bonfiuration of tetranhonL0ni 	ion in (o') :.s ici (: 0) •: C. 2 2 2 

fond an:les around arsenic 	Dihodial 	nles he;ieefl pianos .  Of phen.i. r ngs 

1090 + 10 	 70' 
	30 

P --- 	 - _ O 
	 - 

C(I1)-A5C(IT) 	iioP 	 I-IV 	700 

C (IT1) -As-C (lin) 107 	 11-1:1 36°  

C(Tui)_AS-C(Ivl) i1L0 	
II-IV 	700 

 

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

in sona lengths 01 1.3 A DO 1. 	A, afld a stannara neviatlon 01 about 0.03 A. 

This bond length does not dfor si 	ri gniicay from the bonzene C - •0 bond 

of 1.397 	The C(1) - c() dieterS of all I o 	rinDS, ointJrT to the certll 

arsenic, are shorter by about 0.02 X compared to the average diameter of 2.79 

This apparent shortening may be the result of torsional thea1 notion. 

The octahedral 
enviroreflt of the ruthenium is detailed in Table IV. 

Th most jnteresting aspect of the configuration is the j_arraflgemeflt of the 

two water molecules in the octahedron. The average Ru - Cl and Ru - 0 distances 

of 2.34 and 2 12 A are in agreeT enD wit the values we have found for the 

cesium salt 2, and those reported by ithodash ova . for the potassium salt 12 

The o - Cl bonas opposite the oçrgef s n the octahedron were again fouxid to 

rn shorter then those for ithich the opposite 
be several hunoreths of an Angstro  

aton.s. were both chiorines. 

The possibilities for nydrogen bonding are shown in Figure 2 
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T10 IJ. and anglein (06] 	) 1 As RC1 	(2C) 
2°2 

Ato r l-tón 2 	• Bond (A) 1od n1es (dc0roes)  

- 
2.12 ~ 0.01 ci(i) - Ru - 0(2) 177°  + 

 

- 0(2) 2.11 ~ 0.01 01(2) Ru - o(i) 178°  i°  

- 0(3) 3.92 + 0.01 C1(2) - Ru - 0(2) 900 + 10 

01(1) 2.33 ~ 0.0? 01(2) - Ru - ci() 93°  + 1°  

- 01(2) 2.32 0.01 01(2) - Ru - cl(3) 90 + 10 

- 01(3) 2.3 +0.01 01(2) - Ru - Cl() 900 + 10  

-  2.36 + 0.01 

- c(i) 1.91 + 0.01 (average of four) 

C 	- C :1.396 + 0.03 (average of twenty four) 
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c iae of c 	al1izat o, cesiatea o(;) ri tiC f u"C i vooaby 

a 	La in two hyeroge boncts 	to wa-'u3r riolecJc 0(2), a to cüorie 

CL3). The distances of 2.61 A and 3.10,A, and the angle of 
970  are 

accentable evidence for bonding. In te case of the two water molecules 

In t:e octahedron surrounding the. ruthenun, reasonable hydrogen bonds can 

oaly be postulated for one of the molecules, 0(2). in addition to the bond 

to 0(3),  it appears to be bonded to chlorine, 01(2) at a distance of 3.07 , 

yin, an ad1e of about 91 0  between the bonds. The other water molecule 

in the octedron, 0(1)., is not too distant from chiorines ci(i) and cl(2) 

of the neighboring octahedron, but the acute 660  angle is too small to in-

dibate a pair of hydrogen bonds: 	 . 	. 

7ater r o] ecule 0(3) appears to be vibrating quite anisotropically, 

with B 	12, 22 
 Lj., and 133  8 	This old indicate that most of the _11

vibration is occurring in the ac plane, or alternatively, some disorder 

cocêrning the locatih of the orgen atom. 	... 	 . 

It is interesting to note that the structure of this complex salt can 

be visualized as a seriesof alternating layers of ruthenium octahedra and 

tetraphenylarsoniura ions. This is shown in figure 1, where the alternating 

planes run. rouh1y. parallel to the (no) planes. 
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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: 

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 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. 




