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Fig. 1. An ORTEP view of the dication with 50% probability ellipsoids 
showing the numbering system. H atoms are not shown. 

Abstract 
The compound [(Au{(C6HH)2PCH2CH2P(C6H11)2})2- 
{#-(C6Hll)2PCH2CH2P(C6HII)2}] 2+ [Au(CN)2]~- lu- 
minesces strongly (Amax = 508 nm) in acetonitrile at room 
temperature. Both gold(I) atoms are in trigonal planar 
environments, bound to one chelating bis(dicyclohexyl- 
phosphino)ethane (dcpe), and linked to one another by 
one bridging dcpe. The bridging unit is stretched with an 
Au. . -Au distance of 7.0501 ,~,; clearly no Au-Au inter- 
action is present. 

of symmetry relates the two halves of the complex. For the 
non-bridging ligand, the A u - - P  distances are 2.422 (2) 
and 2.440 (2) A, forming an angle of 87.4 (1) °. The other 
Au- -P  distance is 2.318 (1) .4, and the surrounding angles 
are 135.3 (1) and 136.9 (1) °. The Au . . .Au  separation is 
7.0501 A, indicating no Au-Au interaction. The emission 
is logically assigned to a Pz to dxy, dx2 _y2 transition in the 
AuP3 unit. 

Two dicyanoaurate anions, with the gold atoms on cen- 
ters of symmetry, balance the charge. The remaining dis- 
tances and angles are normal. 

C2(3 ~ 1~19 ,,=~-,.C37 ~ . . ~  

) 

Comment 
Only a few gold dimer compounds have been reported 
to luminesce in solution (Che, Kwong, P o o n &  Yam, 
1990; Che, Wong, Lai & Kwong, 1989; Khan, Fack- 
ler, King, Wang & Wang, 1989; King, Wang, Khan & 
Fackler, 1989). In all of these cases a significant Au- 
Au interaction exists. There has been some ambiguity in 
the assignment of the emission as coming from a dcr* 
to pa or a d6* to per transition. The title compound, 
[Au2(dcpe)3] 2÷ [Au(CN)2] 2 -  , was synthesized to explore 
the role of the Au-Au interaction; it luminesces at 508 nm 
in CH3CN at room temperature. Mr = 2159.78 

Each approximately trigonal-planar Au atom in the Triclinic 
cation is coordinated to the two P atoms of one bidentate PT 
dcpe and to a single P atom of the bridging dcpe. A center a = 12.184 (5) A 

b = 12.616 (4) A 
t Contribution No. 8797. c = 15.243 (4) A 
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Fig. 2. An ORTEP stereo-illustration of the unit cell; atoms are drawn at 
the 50% probability level with H atoms omitted. 

Experimental 
Crystal data 

[Au2 (C26H48 P2)3 ] [Au(CN)2 ]2 D,, = 1.68 Mg m -3 

Mo Ka radiation 
A = 0.71073,4, 
Cell parameters from 25 

reflections 
0 = 15-16.5 ° 
# = 6.987 mm- 
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a = 99.07 (2) ° 
/3 = 91.12 (3 )  ° 
7 ffi 112.24 (3) ° 
V = 2133.6 (12) A 3 
Z = I  

T--  298 K c21 0.1269 (6) 
Prism C'22 0.2201 (5) 

C23 0.3494 (5) 
0.22 x 0.16 x 0.08 m m  c24 0.4194(6) 
Colorless C25 0.4151 (6) 

C26 0.2884 (7) 
C27 0.2154 (6) 
C28 --0.0221 (5) 
C29 -0.1060 (6) 

7486 observed reflections c30 -o.2342 (6) 
[all reflections used] c31 -0.2778 (6) 

0r~x --- 25 ° C32 -0.1952 (6) 
h --- - 14 --* 14 c33 -0.0686 (6) 

c34 0.2765 (5) 
k = - 15 ~ 15 c35 0.4011 (5) 
l = - 1 8  --~ 18 c36 0.4752 (7) 
3 s tandard reflections c37 0.4099 (7) 

f requency:  167 min  c38 0.2917 (7) 
c39 0.2141 (6) 

intensity variation: 0.2% c40 0.2729 (5) 
c41 0.2131 (6) 
c42 0.2896 (6) 
c43 0.3098 (7) 

(A/tr)max ffi 0.04 C44 0.3656 (6) 
Apm~x = 2.7 e A - 3  C45 0.2920 (6) 
Apmin = --0.45 e ,~-3 Au2 0.00O 

C4 0.0203 (9) 
Extinction correction: Becker  N1 0.0333 (9) 

& Coppens (1974) type 1 gu3 0.50O 
isotropic c5 0.6236 (9) 

Extinct ion coefficient: N2 
0.174 (11) x 10 -6  

Data collection 
Enraf -Nonius  CAD-4 

diffractometer  
0/20 scans 
Absorpt ion correction: 

by  integration f rom crystal 
shape 

Twin = 0.38, Tmax = 0.59 
15196 measured  reflections 
7486 independent  reflections 

Refinement 

Refinement  on F 2 

Final R --- 0.0424 
wR = 0.0045 
S- -  1.45 
7486 reflections 
437 parameters  

H-a tom parameters  not  re- 
fined 

Weights were  taken as l/cr2(Fo2); variances [tr2(F2)] derived 
f rom counting statistics plus an additional term, (0.014/)2; vari- 
ances o f  the merged  data by propagation o f  error plus another  
additional term, (0.014(/))  2 . Goodness  o f  fit for merging data 
was 1.02; Rme~ge for duplicates, 0.027. Dispersion corrections 
and atomic scattering factors were  taken f rom Cromer  & Waber 
(1974). The  final R for F 2 > 3tr was 0.0301; the final wR, 
0.0030. 

Data collection: Enra f -Nonius  CAD-4 sof tware version 5.0 
(Schagen,  Strayer, van Meurs  & Williams, 1989). Cell refine- 
ment:  Enra f -Nonius  CAD-4 sof tware version 5.0. Data re- 
duction: CRYM (Duchamp,  1964). Program(s)  used to solve 
structure: CRYM. Program(s)  used to refine structure: CRYM. 
Molecular  graphics: ORTEPII (Johnson, 1976). Software used 
to prepare material  for  publication: CRYM. 

T a b l e  1. Fractional atomic coordinates and equivalent 
isotropic thermal parameters (,~2) 

Ueqffi 1 * * ~ ~aiY]jUija i a] ai.ay. 
x y z Ueq 

Aul 0.17347 (2) 0.02897 (2) 0.19685 (2) 0.0330 (1) 
P1 0.2098 (1) 0.1597 (1) 0.3400 (1) 0.0349 (3) 
P2 0.1320 (1) --0.1287 (1) 0.2797 (1) 0.0354 (3) 
C1 0.1612 (5) 0.0605 (5) 0.4215 (4) 0.037 (1) 
C2 0.1780 (5) --0.0544 (5) 0.3962 (4) 0.039 (1) 
P3 0.1920 (1) 0.0465 (1) 0.0482 (1) 0.0325 (3) 
C3 0.0520 (5) --0.0039 (5) -0.0239 (4) 0.044 (2) 
C10 0.3647 (5) 0.2553 (5) 0.3832 (4) 0.041 (1) 
Cll 0.4485 (6) 0.1930 (6) 0.3592 (5) 0.064 (2) 
C12 0.5779 (6) 0.2689 (7) 0.3928 (6) 0.080 (3) 
C13 0.6186 (6) 0.3818 (6) 0.3602 (6) 0.073 (2) 
C14 0.5391 (7) 0.4460 (6) 0.3835 (6) 0.074 (2) 
C15 0.4091 (6) 0.3712 (5) 0.3501 (5) 0.061 (2) 
C16 0.1203 (5) 0.2496 (5) 0.3598 (4) 0.042 (1) 
C17 --0.0091 (6) 0.1797 (6) 0.3224 (4) 0.054 (2) 
C18 --0.0856 (6) 0.2511 (7) 0.3350 (6) 0.068 (2) 
C19 --0.0774 (7) 0.3067 (7) 0.4318 (6) 0.071 (2) 
C20 0.0505 (6) 0.3780 (6) 0.4685 (5) 0.065 (2) 

0.3059 (6) 0.4572 (4) 0.054 (2) 
--0.2201 (5) 0.2607 (4) 0.042 (1) 
--0.1486 (5) 0.2465 (5) 0.054 (2) 
--0.2257 (7) 0.2250 (6) 0.072 (2) 
--0.2969 (6) 0.2965 (6) 0.070 (2) 
--0.3690 (6) 0.3109 (5) 0.069 (2) 
--0.2949 (6) 0.3317 (5) 0.059 (2) 
--0.2308 (5) 0.2808 (4) 0.041 (1) 
--0.1708 (6) 0.3084 (5) 0.058 (2) 
--0.2571 (7) 0.3081 (6) 0.073 (2) 
--0.3376 (7) 0.2191 (5) 0.074 (2) 
--0.3983 (6) 0.1921 (5) 0.073 (2) 
--0.3112 (6) 0.1907 (5) 0.066 (2) 

0.1970 (5) 0.0316 (4) 0.041 (1) 
0.2414 (5) 0.0802 (5) 0.056 (2) 
0.3673 (7) 0.0751 (6) 0.081 (3) 
0.4451 (6) 0.1063 (5) 0.075 (2) 
0.4035 (6) 0.0538 (5) 0.072 (2) 
0.2781 (6) 0.0621 (5) 0.061 (2) 

--0.0386 (5) --0.0078 (4) 0.037 (1) 
--0.1676 (5) 0.0O0O (4) 0.051 (2) 
--0.2330 (6) --0.0373 (5) 0.062 (2) 
--0.2216 (7) --0.1335 (5) 0.069 (2) 
--0.0954 (7) --0.1447 (5) 0.067 (2) 
--0.0271 (6) --0.1056 (4) 0.058 (2) 
--0.500 0.000 0.0726 (1) 
--0.5557 (8) 0.1096 (7) 0.093 (3) 
--0.5851 (9) 0.1737 (7) 0.147 (4) 

0.00O 0.500 0.0773 (1) 
--0.0053 (8) 0.4175 (7) 0.090 (3) 

0.118 (3) 0.6932 (9) --0.0091 (8) 0.3712 (7) 

Table 2. Geometric parameters (]k, 
Aul--P1 2.440 (2) P2--C22 1.847 (6) 
Aul--P2 2.422 (2) P2--C28 1.833 (6) 
AuI--P3 2.318 (1) P3--C3 1.846 (6) 
P1--C1 1.849 (6) P3--C34 1.846 (6) 
P1--C10 1.851 (6) P3--C40 1.844 (6) 
P1--C16 1.846 (6) CI--C2 1.531 (8) 
P2--C2 1.839 (6) C3--C3 i 1.502 (8) 

P1--Aul--P2 87.4 (1) C2--P2--C22 103.6 (3) 
P1--Aul--P3 136.9 (1) C2--P2--C28 104.9 (3) 
P2--Aul--P3 135.3 (1) C22--P2--C28 105.4 (3) 
Aul--P1--C1 103.9 (2) Aul--P3--C3 116.4 (2) 
Aul--P1--C16 118.0 (2) Aul--P3--C34 113.6 (2) 
Aul--P1--C10 119.2 (2) Aul--P3--C40 112.3 (2) 
C1--P1--C1G 103.3 (3) C3--P3--C34 105.2 (3) 
C1--P1--C16 103.5 (3) C3--P3--C40 103.5 (3) 
C10--P1--C16 106.6 (3) C34--P3--C40 104.7 (3) 
Aul--P2--C2 103.9 (2) P1--C1--C2 114.8 (4) 
Aul--P2--C22 117.8 (2) P2--C2--C1 116.0 (4) 
Au1--P2--C28 119.4 (2) P3--C3--C3 i 114.3 (4) 

Symmetry code: (i) - x ,  - y ,  - z .  

The material  was synthesized by  adding three-quarters  o f  an  
equivalent  o f  the chelat ing phosphine l igand to 50 ml  o f  argon- 
purged M e O H  containing 150 mg  o f  AuCN,  which  was prepared 
according to a literature procedure  (Chadwick  & Sharpe, 1966). 
Af ter  1 h o f  stirring, the solvent was evaporated to 10 ml  under  
reduced  pressure. The white  precipitate was collected by vac- 
u u m  filtration; crystals for X-ray diffraction were  g rown by re- 
crystall ization f rom MeOH.  

This work was supported by National Science Founda- 
tion Grant CHE 89-22067. 

Lists of structure factors, anisotropic thermal parameters, H-atom coor- 
dinates and complete geometry have been deposited with the British Li- 
brary Document Supply Centre as Supplementary Publication No. SUP 
71098 (44 pp.). Copies may be obtained through The Technical Editor, 
International Union of Crystallography, 5 Abbey Square, Chester CH1 
2HU, England. [CIF reference: HH1004] 
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Abstract 
The crystal structure of tetrakis(#-triphenylacetato- 
O:O')-bis[(4-methylpyridine-N)copper(II)] ditoluene 
solvate (I), [Cu(Ph3CCOO)2(4-pic)]2.2C7H8 (4-pic 
=4-picoline), at 120K, and the analogous 
[Cu(Ph3CCOO)2(4-pic)]z.2C6H6 (II) at 290 K were 
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determined by single-crystal X-ray diffraction. The 
crystal structures of (I) and (II) are essentially identi- 
cal, and the coordination geometry around the Cu 
atoms is distorted toward trigonal bipyramidal. The 
Cu...Cu distances are 2.793 (2) and 2.835 (4) A in (I) 
and (II), respectively. 

Comment 
The electron spin resonance (ESR) spectrum of the 
title complex, [Cu(Ph3CCOO)2(4-pic)]2, shows a 
marked change over the temperature range 133 to 
310 K (Jury, 1989). The spectral change can be 
explained by assuming an interconversion of two 
conformers of the complex. In order to prove the 
assumption, X-ray intensity data of a crystal of (II), 
grown from a benzene solution, were collected at 
room temperature. The structural determination of 
(II) was unsuccessful because of the poor experi- 
mental resolution. The complex was recrystallized 
from toluene and intensity measurements of a crystal 
of (I) were carried out at 120 K. The structure of (I) 
was solved and as a result of this the structure of (II) 
could be analyzed with reference to the solved struc- 
ture of (I). The crystal structures of (I) and (II) are 
essentially the same except for the accommodation of 
the solvent molecules (Fig. 1). There is no disorder of 
the 4-picoline ligands. The crystals did not show 
X-ray diffraction after efflorescence. In conclusion, 
the origin of the temperature-dependent ESR spec- 
trum of [Cu(Ph3CCOO)2(4-pic)]2 was not resolved by 
the present studies. 

GPh 3 
I 
C 

o j ~ o  
Ph3C~. I I 

Mo-X/ "N---~'gu-, --C.u----N,, /2-M~ 

Io _o' oPt, 
~ c  ~ 

I 
CPh 3 

[Cu(Ph3CCOO)2(4-pic)]2 

The coordination geometry around the Cu atoms 
is distorted trigonal bipyramidal (TBP) (Fig. 2). The 
TBP structure of the dimeric copper(II) carboxylates 
has been observed for a number of copper(II) 
trichloroacetates (Uekusa et al., 1992,  and 
references therein), [Cu(Ph3CCOO)2(py)]2.C6H6 (III) 
(Steward et al., 1991) and [Cu(PhMe2CCOO)2- 
(2,6-1utidine)]2.C6H6 (Fujita et al., 1993). The distor- 
tion of the metal coordination sphere in the dimeric 
systems from square pyramidal (SP) to trigonal 
bipyrmidal (TBP) decreases the - 2 J  value and there 
is a good linear correlation between the - 2 J  value 
and the Cu...Cu distance (Uekusa et al., 1992). 
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