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The crystal structure of tris(2-~minoethyl)aminochlorozinc(II) tetraphenylborate has been determined from an X-ray study 
of a single-crystal specimen. The monoclinic cell, space group P2,/c, with a = 13.76 =k 0.04 A, b = 10.33 A 0.03 A, c = 
20.35 f 0.06 A, and p = 95.0 A 0.2", contains four formula units; the calculated X-ray density is 1.30 g/cm3. The struc- 
ture was refined to a conventional R factor of 0.041 for 2193 structure factors. The structure consists of a Zn(C2HaNHz)aNCl 
cation and a (CSHS)~B anion. Within the cation the Zn atom is pentacoordi- 
nated to one chlorine and four nitrogen atoms in a trigonal-bipyramidal configuration. 

The cation has approximate CS symmetry. 

Introduction 
Although the coordination number 5 is generally 

regarded as an unusual one for first-row transition 
metals, a steadily increasing number of five-coordinated 
complexes are being described in the literature. In 
particular, the quadridentate ligands tris(2-dimethyl- 
aminoethy1)amine and tris(2-aminoethy1)amine appear 
to form a variety of five-coordinated complexes with 
the first-row transition metal ions from manganese(I1) 
to zinc(I1). These ligands are more conveniently 
designated Me~tren and tren, respectively. In general, 
these may be formulated as [MIIMe&enX]Y or (MI1- 
trenX]Y. The relative stability of five-coordination 
among these metals is favored in the order (Co, Cu, 
Zn) > (Fe, Ni) > Mn.2 Because of the increased 
bulkiness of Mestren, it forms more stable five-coor- 
dinated complexes than tren. Me~tren complexes have 
been described, for which M = Mn, Fe, Co, Ni, Cu, 
or Zn, and for which X = Y = C1, Br, I, NO8, or C104.a34 
Much physical evidence, including conductivity, spec- 
tral, and magnetic measurements, indicated that these 
complexes are five-coordinated. In addition, crystal 
structure determinations of [Cu(tren) (NCS) ]SCNJ5 
[Co(MeEtren)Br]Br, and [Cu(Me~tren)Br]Br~ reveal 
that the metal atoms are indeed five-coordinated and 
situated nearly a t  centers of slightly distorted trigonal 
bipyramids. A recent report' on the structure of 
Zn(tren) (NCS) (SCN) also shows trigonal-bipyramidal 
symmetry. 

More recently, a series of complexes has been pre- 

(1) Work done under the auspices of the U. s. Atomic Energy Commis- 
sion. 

(2) M. Ciampolini and P. Paoletti, Inovg. Chem., 6, 1261 (1967). 
(3) M. Ciampolini and N.  Nardi, ibid. ,  6, 41 (1966). 
(4) M. Ciampolini and N. Nardi, ibzd., 5, 1150 (1966). 
(5) P. C. Jain and E. C. Lingafelter, J .  Amev. Chem. SOC., 89, 724 (1967). 
(6) M. DiVaira and P. L. Orioli, Inovg. Chem., 6, 955 (1967); M. DiVaira 

(7) G. D, Andreetti, P. C .  Jain, and E. C. Lingafelter, J .  Amer. Chem. SOC., 
and P. L. Orioli, Acta Crystallogr., Sect. B, 44, 595 (1968). 

91,4112 (1969). 

pared, [Zn(tren)X]Y, for which X = C1, Br, br I and 
Y = X, ZnXa, or B(C!BH~)~.* We report here the crys- 
tal structure of the five-coordinated complex [Zn(G- 
"L) aNC1 I B (Cd35) 4. 

Experimental Section 
Dr. L. V. Interrante kindly supplied us with some well- 

forrtled, colorless prisms of [Zn(tren)Cl] B(CeH.& which were 
suitable for the structural analysis. The determination of the 
space group and cell dimensions was made using the precession 
technique and molybdenum radiation (Mo Kal, X 0.70926 A). A 
General Electric XRD-5 X-ray diffraction apparatus equipped 
with a molybdenum X-ray tube, a scintillation counter, a pulse 
height discriminator, and a quarter-circle Eulerian-cradle type 
of goniostat was used to collect the intensity data. The X- 
ray tube was operated a t  45 kV and 20 mA; a 0.003-in. thick Zr 
filter was used on the receiving slit. The crystal was oriented 
such that the c axis was parallel to the 4 axis of the instrument. 

A total of 2692 independent intensities were measured, of which 
233 were recorded as having zero intensity. A stationary-crystal, 
stationary-counter technique with a 10-sec count for every re- 
flection was used. The diffractometer was set a t  a 4' takeoff 
angle to the tube. The maximum 20 angle was 40' [(sin 8)/A = 
0.5961. Background was plotted as a function of 28 and these 
values were used for most of the intensities; in the cases where 
background was seriously affected by streaking, individual back- 
grounds were measured. The absorption parameter is 9.9 cm-l. 
No absorption correction could be made because the crystal was 
lost and its dimensions are unknown. The Lorentz and polariza- 
tion corrections were applied to the data. No extinction correc- 
tion was found necessary. 

Fourier, least-squares, and distance calculations were per- 
formed using our own unpublished programs. The full-matrix 
1eastAsquares program, which is a modification of an early un- 
published version of one given us by P. Gantzel, R.  Sparks, and 
K. Trueblood, minimizes the function Zw(lF,I - /Fo1)2/2zuFo2; 
F, and F, are the observed and calculated structure factors, 
respectively, and w is the weighting factor. Atomic scattering 
factorsO~*O for neutral zinc, chlorine, boron, citrbon, nitrogen, 
oxygen, afid hydrogen were used. Both the real and imaginary 

(8) L. V. Interrante,lnorg. Chem., 7,943 (1968). 
(9) D. T. Cromer and J. T. Waber, Acta Cvystallogr., 18, 104 (1965). 
(IO) R. F. Stewart, E. R. Davidson, and W. T. Simpsoa, J .  Chem. Phys. .  

49, 3176 (1966). 
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TABLE I 
OBSERVED AND CALCULATED STRUCTURE FACTORS FOR TRIS(2-AMINOETHYL)AMINOCHLOROZINC(II) TETRAPHENYLBORATEQ 

,C*10,0,"1 . L168 

a Zero-weighted data are indicated with asterisks. 
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TABLE I1 
POSITIONAL PARAMETERS OF THE NONHYDROGEN ATOMS~ 

parts of the anomalous dispersion for zinc and chlorine1$ were 
included in the least-squares calculations. For each reflection w 
was set to I.0/a2(Fo) with the exception that w = 0 when I(net 
count) I; u(I). Tho standard deviation of the observed struc- 
ture factor was calculated as a(F,) = F, - (FOB - S U ( I ) / L ~ ) ' / ~  
where s is a scaling factor, Fo = ( ~ l / L p ) ' / ~ ,  and Lp is the Lorentz- 
polarization correction. u(I) = ( I  + @*I2 + 2B + pz)'/r, where 
p is a fractional uncertainty in I ,  B is the background, and p 
represents an uncertainty in the background. A value.of p = 
0.04 was found necessary to reduce the weights of the intense 
reflections so that their weighted residuals were comparable to 
those of the less intense data. A value of p = 12, which repre- 
sents 1.2 counts/sec uncertainty in the backgrounds, was used to 
bring the weighted residuals of the very weak reflections into line 
with the others. 

Cell dimensions were obtained from a set of Weissenberg photo- 
graphs. The monoclinic unit cell contains four formula units 
and has cell dimensions a = 13.76 =t 0.04 A, b = 10.33 =t 0.03 A, 
c = 20.35 =t 0.06 A, and p = 95.0 f 0.2'. The errors quoted 
are subjective estimates. The absent reflections are consistent 
with space group P21/c. The density calculated from the X-ray 
data is 1.304 g/cma. The crystals were observed to float readily 
in carbon tetrachloride (d = 1.58 g/cma). 

A T O P  
L N  
CL 
U 1  
N Z  
N3 
N 4  
Cl 
c 7  
c 3  
C4 
c5 
C6 
H 
c11 
c 1 2  
C13 
C14 
C15 
Cl6 
CZI 
c 2 2  
C 2 3  
C24 
C25 
C26 
C 3 1  
c 3 2  
c33 
c34 
L35 
C3b 
C4 1 
C 4 2  
c 4 3  
C4'1 
c45 
C 4 h  

X 
.15353141 
.a4761 11 
. 2 5 2 2 1  3 1  
.19151 31 

Y 
.05548161 

- . 1 1 7 8 1  11 
.231341 41 
.05691 51 

-.00021 41 
.19671 51 
. 2 4 8 1 1  61 

2 
.0986(l 1 3  1 . 0 86  9 7 I 7 1 
. 1 0 7 ? 1  2 1  
.19921 71 
.a4431 21 
.Ob131  21 
- 1 7 9 0 1  3 1  
.2199( 3 1  

,26611 31 
.05801 31 
.28931 4 1  
.21511 41 
. l e801  5 1  
. l o931  41 
. 3 2 9 4 1  4 1  
.35481 41 
.73651 41 
.66211 3 1  
.62801 41  
.56931 41 
.54031 41 
.57401 41 
.63431 41 
.R4241 41 
.R93HI 41 
.97761 51 

1.01041 41  
. 9 6 3 9 l  5 )  
.88211 41 
. 7 2 E f l l  41  
.Rob91 41 
.'I9551 41 
.to571 51 
.62511 41 
.63flll 41 
-70651 41 
.77261 41 

.65221 b l  

. 5 8 3 9 1  41 

.61201 41  

.r4601 5 1  

.19021 71 

.34791 61 

. 3 0 5 7 1  61 
-21551 61 
- 0 7 4 3 t  61 
.28741 6 1  
. 3 5 7 3 1  51 
.299b1 51 
.3b43( 61 
. 4 8 8 3 I  61 
.54991 61 
.'+e511 61 
-34761 51 
. 3 0 3 8 1  51 
. 3 6 2 2 1  R I  
.471HI R l  
.51921 61 
.45/61 61  
.12921 51 
.044ll 61 

-.09111 ! , l  
-.14471 t 1 
-.Ob591 i l  
,06131 6 1  
.32081 5 1  
. 3 0 9 2 1  5 1  
-32471 51 
.35441 61 
.36841 71 
.34871 61 

.0@5:'1 31 

.03631 .!I6601 31 3 1  

.Ob311 31 

.11851 31 

.l6671 21 

.2221I 31 

.2b231 3 1  

.24921 3 1  

.I9621 31 

.15641 31 

.14461 31 

.20311 31 
-23121 31 
. 2 0 3 8 1  41 
. 1 4 6 b l  41 
.I1911 3 1  
-12241 2 1  
. l Z b 7 1  2 1  
.12451 3 1  
.LIT21 3 1  
.lllVI 31 
.I1421 21 
.0406l 2 1  

-.00761 3 1  
-.07421 3 1  
-.09491 31 
- .05121 .01551 J I  31 

Determination of Structure 
Trial coordinates for the zinc and chlorine atoms 

were derived from the Patterson function. A three- 
dimensional electron density map revealed the locations 
of the remaining 35 nonhydrogen atoms. Three cycles 
of least-squares refinements with isotropic temperature 
factors of the form exp(-BX-2 sin2 6) gave a value of 
R = 0.12, where R = 21AFl/21Fo/ and AF = IFo/ - 
IF,]. Several more cycles of least-squares calculations 
with anisotropic thermal parameters reduced R to 0.077. 
The anisotropic temperature factors have the form 
exp(-&h2 - p2zkz - P33P - 2&hk - 2&hZ - 2pZ3.  
kZ). In reporting the thermal parameters below we 
have converted Pv to Bij which is in units of square 
Angstroms ; the relation between these two quantities is 
4Pij = ai*aj*Bzj, where ai* is the ith reciprocal axis. 
All the hydrogen positions were located from a differ- 
ence Fourier and included in the least-squares refine- 
ments with isotropic temperature factors. The largest 
nonhydrogen peak had a peak height of 0.33 e-/Aa and 
was the 36th in size on the difference map. 

Due to the limitation of the memory size of our com- 
puter, -120,000 words, it was necessary to divide the 
structure into two parts and refine the two parts alter- 
nately. We arbitrarily divided the structure into the 
cation and anion and refined one group while the other 
was kept fixed. All atoms with the exception of the 
hydrogen atoms were treated with anisotropic tempera- 
ture factors. For the very last two cycles of refinement, 
the scheme was changed and the parameters of all 37 
heavy atoms were refined in one pass; the 40 hydrogen 
atoms were included but not refined. No positional 
parameter shifted more than 8% of its standard devia- 
tion. The final R value for 2193 nonzero weighted data 
is 0.041 and 0.059 for all 2692 data. The weighted R 
value, ( ~ W ( A F ) ~ ) / Z Z O F ~ ~ ) ' ~ ~ ,  is 0.040. The standard 
deviation of an observation of unit weight is 1.02. The 
observed and calculated structure factors are given 
in Table I. The final positional parameters of the 

(11) D. T. Cromer, Acta Cvyslaffogu., 18, 17 (1965). 

a Numbers in parentheses in this and subsequent tables are 
estimated standard deviations of the last digits. 

heavy atoms are listed in Table 11, and the correspond- 
ing anisotropic thermal parameters in Table 111. The 
positional and thermal parameters for hydrogen are 
listed in Table IV. 

TABLE I11 
ANISOTROPIC THERMAL PARAMETERS= 

n i l  
3.:51 31 

R?2 
3.671 31 

n33 
3.291 31 
4.h01 HI 
3.9212bl 
3.H41241 

B i z  
- . lJ9I  3 1  
-.961 71 
-.611221 
-.b31251 

H13 
.2Vl 21 
.77I bl 
.76I 22) 
.291lRI 
.731191 
.24 120 1 
.1012.ir 

-.14 I271 . '39 I 3 1 I 
.26 I29 1 

823 
.051 3 1  

-.251 I1  
-.16121 I 

I '(1 M 
L "I 
C L  
E.1 
hZ 
t i 3  
N 4  

c2 
c3 
C4 
c5 
C6 
8 
L l l  
c12 

C14 
C15 
Cl6 
c21 
c22 
L23 
C24 
C25 
C2b 
C31 
C32 
c33 
c34 
c 3 5  
C 16 
c 4  I 
C42 
c43 
c '9 4 
c45 
C46 

ci 

G I 3  

4 . 4 4 1  8 1  
4.411 2b 1 
4.431 24 1 

4.7il H I  
3.941261 
6.301301 . 1 9  124 1 ~~ 

4.751 251 
4 . 4  9 I 2 5 1 

4.3?1?61 
5.0612El 

3.911231 -. b2 121 1 - . h 0 1  191 -. 541 221 
-.a01281 

-1.b71311 
. 8 5 I J C I  

4.601251 

3.241 31 1 
2" 90 I 3 8  1 
4.1131331 

5.081 351 
-. I9122 1 
.l61291 
1.04 133 I -. 561331 
.9b 1101 

5.42 134 1 
5.521371 
b.871411 
5.901361 
2 . 4  1 138 1 

4.361 3 4  1 
7.301441 
3.091 361 
4.351 %51 
5.341 42 1 

.751291 

.291291 
- . 5 1 1 2 8 1  
.by1261 
.091241 

-1.801311 .211291 
. 0 1 1 2 5 1  
.51126l 
.1111LI 

. 2 9  1291 
a 09 12bl 
.lo1261 
.02 I24 I 
.6b 124 I 
.92 1261 
.2412rJI 
.U8 1321 
.67 1321 
*I61251 

.93 12a 1 

4.5Vl32 1 
5 . 1 1  1341 
2.191 2b 1 
5.531151 
b.57138 I 

5.301371 
2.551 34) 
3.191 321 
3.971331 
4.531381 
2.101301 
J.RZl3lI 
3.651 331 
3.0bI321 
1.941 321 
7.341 4 11 
b.781481 
4.931 391 
4.5713bl 
3.411291 

4.341301 
3.511331 
3.131291 
4.581331 

.29 130) 

.2212hl 

.I81241 

.611281 

.38 1331 

.86 I281 
l i  96 I31 I 
.68l251 
.Y81251 . I2 0 8 1  
.50 135 1 

- .no 1341 
-.771321 
-.5bl301 
-.Ob1271 

.381291 

.671 301 -. 74 I27 1 

.15f301 -. 131 25 1 

4 . 4 9 1  341 
3.b21311 
4.261111 
3.701 291 
2.181281 

4.bO132 1 
5.62 I32 I 
4.14 130 1 
3 a 4 8 1  28 I -.191231 

4.18021 

7.031461 
7.161421 
4.161301 
2.1161261 

3.nsl33I 
-+30127> 

-1.331331 
-3.3013Rl -. 371 341 

.LO1291 -. I41  221 
- :02 I26 1 
,54f231 
.601251 

-.13128) 
-.241261 

-.I41231 
-.OV1251 -. 34 I27 1 

. b l l 3 4 l  
-.bhf28l 

.24122! 

.6112II 
3 . 4 6 1 7 ' 3 )  3.301321 4.051291 .041271 -441221 
4.561361 2.881361 4.361301 .9512b1 -.Ob1251 
5.911381 3.461331 3 . 9 6 1 3 0 1  .I11351 .h81281 
4.451341 4.1113iJI 4.821321 -.b'v1321 1.251241 
3.251311 3.bH1351 5.1013?1 .lJI2lI 1.111231 
3.111?81 Z.(.H1211 3.751291 . 0 1 1 7 3 1  .Ob1251 
4.95!321 3.311291 2.76!291 .I61241 .551251 
(1.061391 3.77021 3.161341 -.22179f .R6127I 
I.R71461 4.691361 2.b71311 .111351 -.691341 
4 . H 1 I 36 ) 4.5 4 I 3 8 1 - .99 I 3 1 1 
3.961341 b.3b1391 4.j21351 . 5 5 1 3 0 1  . 4 0 1 2 6 l  

0.7 8 I 4 6 1 .4 4 I 3 4  1 

Units of these parameters are square lngstroms as described 
in the text. 

Description of the Structure 
In the cation, the zinc is surrounded by four nitrogen 

atoms, from the tren molecule, and one chlorine atom. 
A view of the structure down the C1-Zn bond reveals 
the nearly threefold symmetry of the coordinated tren 
molecule neatly coiled about the zinc atom (Figure 1). 
The zinc atom lies 0.38 A out of the plane of the three 
nitrogen atoms (N2, N3, and N4) toward the chlorine 
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TABLE IV 
POSITIONAL AND THERMAL PARAMETERS OF THE 

HYDROGEN ATOMS" 
ATOM X Y Z u 
H l  N2 .I4071451 .C3371631 . 2 1 5 2 1 3 0 1  7.71241 
H ?  N2 .24341371  .01491511 . 70711251  4 .61191  
H I  N3 . 2 8 1 3 1 4 8 1  -.OR431bRI . 0 5 1 0 0 3 1  9 .61271  
H2  N 3  . 2 5 3 8 1 3 4 1  .00b31471  . 0 0 3 4 1 2 4 1  4 .11171  
H l  N 4  .01901301 .15591'111 . 0 3 5 4 1 2 0 1  1 . 8 1 1 3 1  
I12 N4 

H2  C l  
Hl C Z  
n 2  c 2  
H 1  C3 
H2 C3 
H 1  c 4  
H2 C4 
HI C5 
H2  C5 
H I  C6 
H ?  Cb 
H C12 
tl C13 
H C l 4  
H C15 

H C22 
H C23 
H C24 
H C25 
H C26 
H C12 
H C33 
H C34 
H C 3 5  
tl C36 
H C42 
H C43 
P c 4 4  
H C45 
H C46 

n i  C I  

n c16  

a Units of 

.O2bRI 391 

. 3 5 0 1 1 3 2 1  

.3047 I 3 2  1 

. ? 3 7 1 1 2 b l  

. 1 5 3 0 1 3 7 1  

. 1 5 7 7 1 4 2 I  
- 2 3 3 3 1 3 2 )  
.Cb03 I 3 1  1 
. I 3 5 7 1 3 7 1  
. 3 1 3 4 1 3 4 1  
a3W55 1331  
.43361361  
.311041301 
.65541361  
. 5 5 5 9 1 3 3 1  
.4968 I 3 3 1  
.55921321  
. 6 5 8 1 (  321 
.Rb8912b I  

1 .00391391  
1 .06341371  

.98401411  

.85211311  

. 8 7 4 5 1 3 5 1  

. 8 4 8 9 1 3 2 1  

. 6 9 6 7 1 3 4 1  

.55951341 

. 8 4 4 3 1 3 1 1  

. 7 9 8 5 1 3 5 1  

. h 3 8 9  I331 

. 5 2 1 2 1 4 1 1  

. 5 b b S I 3 2 1  

. 5 ~ 5 7 1 3 0 1  

.21221561  

. I 9 5 9 1 4 3 1  
- 3 4 8 1 1  5 0 1  
. I 9 5 0  I361 
. 2342  I 5 0 1  
. 3 1 2 7 1 6 2 I  
.40V5147  1 
. 3 0 0 7 1 4 4 1  
.2804  1 5 5 )  
. 24231491  
.27061451  
.Oh111501  
. 0 5 1  T I  4 3  I 
.?I311 511  
.321314b  1 
. 5 3 4 6 1 4 7 1  
.63071481  
.53631451  
.22911  3 8 1  
.332V1541  
. 5 0 3 6 1 5 1 1  
.59091591  
.4956142  1 
. 07161471  -. 1457146  1 

- . 23141511  
- .09821 4 3 1  

. I 1 4 9  I 4 1  1 

. 28?71401  

.31611481  

. 3 h 1 3 1 4 h l  

. 3 7 4 1 1 5 5 1  
- 3 6 3 5 1 4 4  I 

B are square ingstroms. 

.0939 126  1 

.1Rb8 1201  

. 1 8 9 5 1 2 2 1  

.26091  1 9 1  

. 2 1 4 0 1 2 3 1  

. l 2 1 2  I 3 0 1  

. 0 1 1 5 1 2 2 1  . O2b6 I 2 1  1 -. 01 3v  1 2 1  1 

. 0 2 2 6 1 2 3 1  

. a 7 9 9 1  201  

. 0 3 2 5 1 2 4 1  . 1 0 4 ' l I Z Z I  
. 2 2 8 2 1 2 3 1  
. 3 0 2 2 1 2 4 1  
. 2 7 6 8 ( 2 2 1  
. 1 8 1 1 I 2 2 I  . l Z O O 1 2 3 I  
. 2 1 7 9 l  1 7 1  
. 2 7 5 3 1 2 8 i  
. 2 1 8 6 1 2 5 1  
. 1 2 3 9 1 2 8 1  
.08371  2 1  1 
. 1 3 2 6 l 2 2 1  
. 1 3 1 1 l Z I 1  . I 1  871 22 1 
.LOO9121 1 
. L l l 5 1 1 9 1  
.001 H I  1'4 1 

- . IO481251  
- .13921251  
- . O b 6 1 ( ? l l  

. 0408122  1 

5 . 3 1 2 C l  
3.5113) 
4 .91131  
1 . 1 I l C I  
5 .01151  
l.bl2Zl 
3 . 8 1 1 4 1  
4 .01121  
8 . 1 1 1 1 1  
4 .7115)  
3 . 8 1 1 3 1  
5.41151 
3.01 1 2 1  
4 .91151  
4 . 1 1 1 4 1  
4 .01131  
3.61141 
3.81131 

. 3 1 1 0 1  
6.71 1 R l  
4 .21111  
6.4 I 2 C  1 
7.31131 
4 .11141  
3.01 1 3 1  
3 . 5 1 1 5 1  
3 . 1 1 1 3 1  
1 .61171  
? . 5 1 1 1 I  
5.31161 
3.91141 
5.RIlBI 
2.51111 

atom. The C1-Zn-Ni angle is 176.4 It 0.2" and indi- 
cates some of the deviation from true C3 symmetry. 
It is of interest to note that the N(l)-Zn-N(5) angle 
reported in Zn(tren)(NCS)(SCN)' is 176.8 It 0.2". 
The Zn-C1 distance of 2.308 A is well within the range 
of distances, 2.223-2.358 8, reported in the [CO(NHB)B 1- 
[ZnClaICl structure.12 

Some of the dimensions of the trenZn cation are 
shown in Table V. The Cl-Zn-N4 angle is observed 

\\ 

Figure 1 .-The Z ~ ( C ~ H ~ N H . Z ) ~ N C ~  cation drawn to indicate the 
nearly threefold nature of the cluster. 

to be smaller than the comparable angles for Cl-Zn-N2 
and Cl-Zn-N3 ; this anomaly is probably due to packing 
conditions. Similar deviations may be observed in the 
structures of complexes of tren with Cu5 and C O . ~  

(12) D. W. Meek and J. A. Ibers, Inovg. Chem., 9, 465 (1970). 

TA!LE V 
INTERATOMIC DISTANCES (A) AND ANGLES (DEG) IN THE 

Zn( C2HaNH&NCI+ ION 
Distances 

Zn-C1 2.308 (5) 1\'1-C5 1.444 (8) 
1.469 (8) Zn-N1 2.325 (7) N2-C2 

Zn-N2 2.068 (7) N3-C6 1 I 466 (7) 
Zn-N3 2.063 (7) N4-C4 
Zn-h74 2.065 (6) c1-c2 1.496 (8) 
N1-C1 1.498 (8) c3- c 4  1.478 (8) 
N1- C3 1.482 (7) C5-C6 1.501 (9) 

Angles 
Cl-Zn-N1 176,4 (2) Zn-N3-C6 111.2 (4) 
Cl-Zn-N2 102.1(2) Zn-N4-C4 111.4 (4) 

1.445 ( 7 )  

Cl-Zn-N3 103.0 (3) N3-C6-C5 109.4 ( 5 )  
Cl-Zn-N4 97.7 (3) N2-C2-C1 111.1 (5) 
Nl-Zn-N2 79.6 ( 2 )  N4-C4-C3 110.0 (5) 
Nl-Zn-N3 79.0 (3) C6-C5-N1 111.5 (4) 
Nl-Zn-N4 78.7 (3) C2- C1-N1 108.6 ( 5 )  
N2-Zn-N3 113.3 (3) C4-C3-N1 111.3 (5) 
N3-Zn-N4 118.9 (3) C1-N1-Zn 106.2 (3) 
N4-Zn-N2 117.2 (3) C3-Nl-Zn 105.5 (4) 
Zn-N2-C2 108.7 (3) C5-N1-Zn 106.1 (4) 

TABLE VI 
INTERATOMIC DISTANCES (A) AND ANGLES (DEG) IN (CeH5)*B- 

---Distances--- --Distances-- 
B-C11 1.646 (8) C32-C33 1,406 (8) 

1.350 (8) B-C2 1 1.631 (9) c33-c34 
1.373 (8) B-C31 1.641 (9) c34-c35 
1.389 (8) 
1.400 ( 7 )  
1.385 (8) 

C12-Cl3 I. 373 (8) C42-C43 1.380 (8) 
1.359 (8) 
1,357 (8) 

C15-Cl6 1.383 (7) C45-C46 1.392 (9) 

B-C41 1.641 (9) C35-C36 
Cll-C12 1,392 (7) C41-C42 
Cll-C16 1.386 (8) C41-C46 

C13-Cl4 1.361 (8) c43- c44 
C14-Cl5 1.367 (8) c44-c45 

c21- c22 
C21- C26 
C22- C23 
C23- C24 
C24- C25 
C25-C26 
C31-C32 
C31-C36 

1.405 (8) 
1.382 (7) 
1.381 (8) 
1.358 (9) 
1.369 (9) 
1.370 (8) 
I I 386 ( 7 )  
1.399 (7) 

---Angles---- 
C11-B-C21 102.9 (5) 
Cll-B-C31 111.3 (5) 
C11-B-C41 111.5 (5) 
C21-B-C31 115.1 (5) 
C21-B-C41 112.1 ( 5 )  
C31-B-C41 104.2 (4) 

TABLE VI1 
HYDROGEN INTERATOMIC DISTANCES (A). 

N2-Hl 0.83 C12-H 0.97 
N2-H2 0.84 C13-H 0.96 
N3-H1 0.90 C14-H 0.98 
N3-H2 0.84 C15-H 0.95 
N4-H1 0.83 C16-H 0.99 

C22-H 0.91 N4-H2 0.84 
C 1-H 1 1.00 C23-H 0.99 

1.08 C24-H 0.83 Cl-H2 
C2-H1 0.86 C25-H 0.93 

C26-H 0.89 C2-H2 0.97 
C3-Hl 0.90 C32-H 0.97 
C3-H2 0.93 C33-H 0.93 
C4-H1 1.04 C34-H 0.91 
C4-H2 1.14 C35-H 0.97 
C5-H1 0.93 C36-H 0.87 

C42-H 1.03 C5-H2 0.98 
C43-H 1.00 C6-H1 0.96 

C6-H2 0.92 C44-H 0.91 
C45-H 0.89 
C46-H 0.85 

a The estimated standard deviations of these distances based on 
the least-squares results are 10.06 A. 
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The dimensions of the tetraphenylborate anion are 
shown in Table VI. Its structure and position relative 
to one of its cation neighbors is shown in Figure 2. 

The molecular packing can be described in terms of a 
distorted sodium chloride type structure. The posi- 
tions of the bulky anions are near a cubic closest packing 
based on a pseudocubic pseudocell with axes a, b + 
c/2, b - c/2. The cations are in octahedral holes in 
this anion packing, as in the sodium chloride structure, 
with atoms N1 close to the centers of the holes. The 
closest approach of the two ions is a distance of 2.56 A 
between a carbon atom (C43) of the anion and a hydro- 
gen atom (HlN3) of the cation. 

Table VI1 shows the interatomic distances to hydro- 
gen in this structure. The average N-H bond distance 
is 0.85 A, and the average C-H distance is 0.95 A. 
As is generally the case in X-ray structure determina- 
tions involving hydrogen, these distances between the 
centers of gravity of electron clouds tend to be shorter 

Figure 2.-Structure of the anion and its relation to one of its by about 0.1 from the generally accepted values for 
cation neighbors. the internuclear distances. 
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The crystal structure of the adduct of bis(diphenyldithiophosphinato)nickel( 11) with pyridine, N~[S~P(CBHS)Z]Z * 2py, has 
been determined by three-dimensional single-crystal X-ray analysis. Fourier methods were applied and the positional and 
isotropic thermal parameters of the atoms were refined by least-squares methods on three-dimensional photographic data. 
The compound forms monoclinic crystals, space group P21/c, with two molecules in the unit cell, whose dimensions, deter- 
mined using zinc oxide as the standard, are a = 12.38 =!= 0.02 A, b = 8.98 =!= 0.01 A, c = 15.97 =!= 0.02 A, and p = 106.95 & 
0.08". The measured density (by flotation) is 1.394 i: 0.006 g/cma while that calculated for two formula units is 1.399 & 
0.008 g/cm3. The nickel atom lies a t  a center of symmetry on the plane formed by the four sulfur atoms and coEpletes its 
coordination sphere with the nitrogen atoms of two pyridine molecules. The average Ni-S distance is 2.50 (2) A and the 
Ni-N bond length is 2.08 (1) A. The correlation be- 
tween Ni-S distances and the variations in the chelate rings are given and discussed for the tetracoordinated pyridine-free 

The final R factor is 0.104 for 1220 independent nonzero reflections. 

compound and the present octahedral pyridine adduct. 

Introduction 
Syntheses and spectral investigations of nickel com- 

plexes with molecules containing two sulfur atoms which 
may act as chelating ligands are a t  present being car- 
ried out in this laboratory. The crystal structure of the 
planar bis(diphenyldithiophosphinato)nickel(II) com- 
pound, Ni [S~P(C,&)Z]Z, hereafter Ni(dtpi)z, has al- 
ready been determined,' and it was thought interesting 
to carry out a single-crystal three-dimensional X-ray 
structure determination of the adduct of the above com- 
pound with two molecules of pyridine. 

The purpose of this work was mainly to evaluate, 
with sufficient accuracy, the actual Ni-S bond dis- 

* To whom correspondence should be addressed at Universitd di Roma, 

(1) P. Porta, A. Sgamellotti, and N. Vinciguerra, Inorg. Chem., 1, 2625 
Istituto di Chimica Generale ed Inorganica, Rome, Italy. 

(1968). 

The optical spectra are also given and discussed. 

tances and to compare them with the corresponding 
ones of the tetracoordinated chelate. Moreover, i t  
would be interesting to observe the possible changes in 
the structure of the metal chelate caused by the com- 
pletion of the coordination sphere of the metal atom 
with solvent molecules such as pyridine. 

Experimental Section 
Preparation of the Compound.-Ni(dtpi)z was prepared as 

described by Kuchen, et a1.2 Subsequently, green, prismatic 
crystals of bis(diphenyldithiophosphinato)nickel(II)-2-pyridine, 
N ~ [ S Z P ( C ~ H & ] ~  .2CsH6N (hereafter called Ni(dtpi)2 .2py) were 
obtained by addition of pyridine to a solution of Ni(dtpi)Z in 
toluene. The crystals, when exposed to air, slowly reverted to 
the original violet pyridine-free compound with loss of pyridine. 
In order to prevent decomposition, the crystals were enclosed in 

(2) W. Kuchen, J. Metten, and A. Jadat, Chem. Bet'., 9'7,2306 (1964). 


