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Key indicators

Single-crystal X-ray study

T = 298 K

Mean �(C±C) = 0.006 AÊ

Disorder in solvent or counterion

R factor = 0.044

wR factor = 0.131

Data-to-parameter ratio = 12.8
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In the title complex, [Ni(C14H34N6)](ClO4)2, the 14-membered

hexaazacyclotetradecane macrocycle ring chelates to the Ni

atom through its four secondary N atoms. The O atoms of the

perchlorate ions are 2.86 (1) and 3.070 (4) AÊ from the Ni

atom, whose geometry is best described as intermediate

between octahedral and square pyramidal.

Comment

This 14-membered hexaazamacrocyclic complex of nickel

perchlorate, (I), has an n-propyl group in place of a benzyl

group (Li et al., 2004). One of the perchlorate ions is disor-

dered. The ordered perchlorate ion has an O atom 3.074 (4) AÊ

from Ni1, while the other perchlorate ion is disordered over

two positions, with the O atom of the minor component

2.86 (1) AÊ from Ni1. The O atom of the ordered perchlorate

ion is not considered as being in the coordination sphere. The

coordination geometry of the Ni atom is better regarded as

intermediate between octahedral and square pyramidal

(Fig. 1). Weak hydrogen bonds (Table 2) link the molecules

into a linear chain structure (Fig. 2).

Experimental

The title compound was synthesized according to the method of Li et

al. (2004), with n-propylamine (8.3 g, 0.15 mmol) in place of benzyl-

amine, in 25% yield. CHN analysis for C14H34Cl2N6O8Ni found: C

30.63, H 6.71, N 15.38%; calculated: C 30.90, H 6.30, N 15.45%.

Crystal data

[Ni(C14H34N6)](ClO4)2

Mr = 544.08
Triclinic, P1
a = 8.1634 (6) AÊ

b = 12.411 (1) AÊ

c = 12.518 (1) AÊ

� = 77.094 (1)�

� = 83.348 (1)�

 = 71.882 (1)�

V = 1173.5 (2) AÊ 3

Z = 2
Dx = 1.540 Mg mÿ3

Mo K� radiation
Cell parameters from 2807

re¯ections
� = 4.2±29.5�

� = 1.11 mmÿ1

T = 298 (2) K
Plate, yellow
0.42 � 0.25 � 0.08 mm

Data collection

Bruker SMART 1K area-detector
diffractometer

' and ! scans
Absorption correction: multi-scan

(SADABS; Sheldrick, 1996)
Tmin = 0.654, Tmax = 0.917

6468 measured re¯ections

3973 independent re¯ections
3155 re¯ections with I > 2�(I)
Rint = 0.015
�max = 25.0�

h = ÿ9! 9
k = ÿ14! 14
l = ÿ14! 14
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Nickel complexes of 1,8-

diorganyl-1,3,6,8,10,13-

hexaazacyclotetradecane.

Part II.



Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.044
wR(F 2) = 0.131
S = 1.08
3973 re¯ections
311 parameters
H-atom parameters constrained

w = 1/[�2(Fo
2) + (0.0832P)2

+ 0.0059P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max = 0.004
��max = 0.53 e AÊ ÿ3

��min = ÿ0.33 e AÊ ÿ3

Table 1
Selected geometric parameters (AÊ , �).

Ni1ÐN2 1.932 (3)
Ni1ÐN6 1.934 (2)
Ni1ÐN5 1.934 (2)
Ni1ÐN3 1.937 (2)

Ni1ÐO24A 2.863 (11)
Ni1ÐO11 3.060 (4)
Ni1ÐO22 3.134 (9)

N2ÐNi1ÐN6 92.47 (10)
N2ÐNi1ÐN5 178.99 (9)
N6ÐNi1ÐN5 87.05 (9)
N2ÐNi1ÐN3 87.44 (11)
N6ÐNi1ÐN3 179.79 (10)
N5ÐNi1ÐN3 93.03 (11)
N2ÐNi1ÐO24A 102.8 (3)
N6ÐNi1ÐO24A 82.0 (2)
N5ÐNi1ÐO24A 78.0 (3)
N3ÐNi1ÐO24A 98.2 (2)

N2ÐNi1ÐO11 92.56 (12)
N6ÐNi1ÐO11 97.56 (10)
N5ÐNi1ÐO11 86.62 (11)
N3ÐNi1ÐO11 82.26 (11)
O24AÐNi1ÐO11 164.6 (3)
N2ÐNi1ÐO22 80.5 (2)
N6ÐNi1ÐO22 84.93 (19)
N5ÐNi1ÐO22 100.3 (2)
N3ÐNi1ÐO22 95.2 (2)
O11ÐNi1ÐO22 172.8 (2)

Table 2
Hydrogen-bonding geometry (AÊ , �).

DÐH� � �A DÐH H� � �A D� � �A DÐH� � �A

N2ÐH2� � �O13 0.91 2.36 3.217 (4) 156
N2ÐH2� � �O24i 0.91 2.63 3.336 (6) 135
N3ÐH3� � �O23 0.91 2.40 3.250 (7) 155
N5ÐH5� � �O24 0.91 2.46 3.276 (6) 150
N5ÐH5� � �O13ii 0.91 2.52 3.258 (4) 139
N6ÐH6� � �O12 0.91 2.22 3.050 (4) 151

Symmetry codes: (i) 1� x; y; z; (ii) xÿ 1; y; z.

The nitrogen- and carbon-bound H atoms were placed in calcu-

lated positions and were re®ned in the riding-model approximation

(NÐH = 0.91 AÊ , methylene CÐH = 0.97 AÊ and methyl CÐH =

0.96 AÊ ]. The displacement parameters were set to 1.2 times Ueq of the

parent atoms, except for the methyl H atoms, for which the displa-

cement parameters were set at 1.5Ueq(C). Three of the O atoms of

one of the perchlorate ions are disordered over two positions by

rotation around the ClÐO(non-disordered) axis. The occupancies of

the O atoms re®ned to an approximate 2:1 ratio. The ClÐO distances

and O� � �O interactions in the disordered ion were restrained to

reasonable values. There is a short inter-ion contact (O3� � �O7) of

2.76 AÊ that is probably an artifact of the disorder.

Data collection: SMART (Bruker, 2001); cell re®nement: SAINT

(Bruker, 2001); data reduction: SAINT; program(s) used to solve

structure: SHELXS97 (Sheldrick, 1997); program(s) used to re®ne

structure: SHELXL97 (Sheldrick, 1997); molecular graphics:

ORTEPIII (Burnett & Johnson, 1996) and ORTEP-3 for Windows

(Farrugia, 1997); software used to prepare material for publication:

SHELXL97.
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Figure 2
CAMERON (Watkin et al., 1993) view showing the NÐH� � �F hydrogen-
bond interactions within the unit cell. For clarity, the second components
of the disordered O atoms have been omitted and only the H atoms
attached to nitrogen are shown.

Figure 1
ORTEPIII (Burnett & Johnson, 1996) plot of (I). Displacement ellipsoids
are drawn at the 30% probability level. H atoms have been omitted for
clarity. [Symmetry code: (i) 1 ÿ x, 1 ÿ y, 1 ÿ z.]
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