
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 23 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Coordination Chemistry
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713455674

STRUCTURAL, MAGNETOCHEMICAL, SPECTRAL AND THERMAL
PROPERTIES OF TRANS-TETRAKIS(1,2-DIAZOLE)
BISBROMOMANGANESE(II)
Paavo Lummea; Eva Lindella

a Division of Inorganic Chemistry, Department of Chemistry, University of Helsinki, Helsinki, Finland

To cite this Article Lumme, Paavo and Lindell, Eva(1987) 'STRUCTURAL, MAGNETOCHEMICAL, SPECTRAL AND
THERMAL PROPERTIES OF TRANS-TETRAKIS(1,2-DIAZOLE) BISBROMOMANGANESE(II)', Journal of Coordination
Chemistry, 15: 4, 383 — 392
To link to this Article: DOI: 10.1080/00958978708079795
URL: http://dx.doi.org/10.1080/00958978708079795

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713455674
http://dx.doi.org/10.1080/00958978708079795
http://www.informaworld.com/terms-and-conditions-of-access.pdf


J Cnord Chrm 19x7. Vol. 15. p 38.1-392 
Photocopying permittrd by license only 

0 19x7 Gordon and Breach Science Puhlishers. Inc. 
Printed in Grral Britain 

STRUCTURAL, MAGNETOCHEMICAL, SPECTRAL 
AND THERMAL PROPERTIES OF 

BISBROMOMANGANESE(1I) 
TRANS-TETRAKIS( 1,2-DIAZOLE) 

The crystal structure ofrrutrs-tetra!iis( I .2-dia~ole)bisbromomanga1iesc(Il) was solved by direct methods using 
single-cryatal X-ray (Mo-Ka) diffractometer data and refined to K = 0.1154 for 1270 unique rellections with 
I > 2qJ). The compound crystallized from water as almost colourless. monoclinic prisms in apace group C?/c 
(No. 15) with unit cell dimensionsu = 14.2OX(2). b = Y.454( l).c = IS.OlS(3)A.p = I 18.68( 1 ) O . Z  = 4. Th.  L sfructure 
is formed from I(C,H,N,),(Br),Mn] molecular units held together through stacking of the l.?-diarole rings 
approximately in the h-direction and weak van der Waals forces a n d  hydrogen bonds. Thc  coordination 
rphere around the Mil2' ion is wcakly distorted octahedral with two pairs of rrcitr~-positioned 1.2-diazole 
molecules at distance\ Mn-N( I )  = 7.246(7) and Mn-N(3) = 222Y((i) A. respectively. i n  the basal plans and the 
Br- ions occupying the apical positions at I I  distance Mn-Br(l)  = 2.72Y( I ) &  The angles Br( I)-Mn-N( I ). 
Br( I)-Mn-N(3) and N(  I)-Mn-N(3) are ')I.?( I ) .  XY.6( I )  and 87.8(2)". respectively. The I.2-diazolc rings are 
practically planar. but slightly tilted (N(  I) and  N(3) containing rings are at angles of XY.Y(3) and X6.4 (3 )~  with 
respect to the basal coordination plane). The molecular units form columns in the b-direction. The molar 
magnetic susceptibilities. corrected for diamagnetism by Pascali constanls. at 93-303 K show the compound to 
be of high-spin complex type with a Curie-Weiss equation xh = 4.3O/(T-3.3) and  the  rellectance spectrum in 
accordancewilh thisshowsonly a w r y  weak shoulder at ?3SOOcm-' corrc~pondingtothe6Ai - 4'I'2,transition 
for the Mn" ion. The infrared spectrum shows a n  Mn-Br band ;it 715 and  Mn-N ban$ at 6x0. hO0 ;t i id 

SSO cm-'. The thermogravimetric (TG) curve shows the complex 10 rrlcasc the I.2-diazole mo1eculc.s i n  tho 
steps in accordance with the strucfurc 

Key words: manganese. 1.2-diazoles. structure, magnetochemistry. properties 

INTRODlJCTION 

The importance of the manganese(l1) ion in biological systems was recognked about 
fifteen years ag0.I but extensive studies of relevant manganese(I1) complcxcs have 
received limited attention until the ten years. Among the studied complexes those of 
imidazole and 1.2-diazole and their derivatives have been most investigated clue to their 
possible effectiveness in physiological processes.' 

To add to our basic knowledge on properties ofthe latter complexes we have recently 
prepared suveral manganese( 11) complexes of 1.2-diazole, solved their crystal structures 
and verified their magnetic, spectral and thermal proper tie^.^^^ This has now been 
extended to a dibromo complex and  the results are reported below and compared with 
earlier findings. 

+Author for correspondence 
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384 P. LUMME A N D  E. LINDELL 

EXPERIMENTAL 

Materials. Preparation of the Cotupley arid Atialyses. 

MnCI,. 4 H 2 0  (7.42 g. 0.0375 mol) in water (15 cm3) was added with stirring to a hot 
aqueous solution ('30 cm') of 1.2-diazole (10.2 g. 0.15 mol). KBr (44.64 g, 0.375 mol) and 
few drops of 2 M HCl. The complex crystallized on cooling and was allowed to stand in 
solution several days. The crystals were filtered on a sinter, washed with cold water 
(5°C) and dissolved in few cm' of dilute HCI. After some days almost colourless 
prismatic crystals separated. and these were filtered and stored in a desiccator. For 
analysis. manganese was determined by EDTA titration' and bromide by potentio- 
metric titration with known NaOH solution after elution of the com lex solution 
throu h a cation exchanger Anal; Calcd. for C,,H,,NsBr2Mn: Mn. 113; Br. 32.8 ?& 
Foun8: Mn. 11.15: Br. 32.894. 

Ci la I Dd ta  

C,2H,6N,,BrzMn. M = 487.1. Monoclinic. a = 14.208(2), b = 9.454(1), c = 15.015(3) A. 
0 = 118.68( I)'. V = 1769.4(5) A' '(by least-squares refinement for 25 automatically 
centred reflections, X(Mo-Ka) = 0.7 1069 A), space group C2k (No. IS), Z = 4. D, = 1.80. 
D, = 1.83 Mgm-'. F,, = 956. p(Mo-Ka) = 5.58 mm-I. 

Data Collection arid Structure Determination 
The crystal selected for intensity data collection had dimensions 0.3 X 0.3 x 0.4 mm and 
was sealed in a Lindemann glass capillary. The unit cell parameters were determined 
by least-squares treatment of the adjusted angular settings of 25 reflections measured 
on a NICOLET P3F diffractometcr. The intensity rneasurcments were carried out at 
room temperature (22k 1°C) with graphite-monochromated Mo-Ka radiation and 
using the w-28 scan technique. The scan rate varied from 2.0 to 29.3" min-', depending 
on the number of counts measured in a fast preliminary scan through the peak. A set of 
2030 unique reflections was obtained from the 2310 reflections measured from the 
minimum value (3") up to the maximum value of 28 = 55". 1270 reflections with I> 2@1) 
were considered as observed and used in the refinement. One strong reflection 
monitored periodically exhibited no significant variation of intensity. The intensities 

TABLE I 
Fractional atomic coordinates ( ~ 1 0 ' )  and equivalent values of the anisotropic temperature factor coefficients" 
( ~ 1 0 ' )  oi non-hydrogen atoms with e.s.d.'s in parentheses 

301(9) 
345(36) 
538(46) 
336(34) 
536(42) 
674(69) 
648(73) 
330(45) 
685(64) 
588(59) 
45 l(48) 
511(2) 
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MN(I1) DlAZOLE COMPLEXES 385 

were corrected for Lorentz, polarization and absorption effects but corrections for 
extinction were considered unnecessary. 

The space group C2/c was assigned on the basis of the isomorphous structure of the 
chloro complex5 and the complete structure analysis. Using the atom positions of the 
chloro complex5 as the starting values the coordinates of the non-hydrogen atoms were 
verified by successive Fourier syntheses. With anisotropic temperature factors for the 
non-hydrogen atoms. a difference map calculated after full-matrix refinement revealed 
the positions of all eight hydrogen atoms. Full-matrix least-squares refinement with all 
non-hydrogen atoms given anisotropic temperature factors and hydrogen atoms at 
calculated positions (N-H and C-H = 1.000 A) with uniform isotropic thermal 
parameters(U= 0.05 Az)ledtoR = C(((FoI - ~ F c ~ ) / ~ F 0 ~ ) =  0.054andRW= (Cw(IFoI- 
I F,I )2/XwIFoI 2)1/2 = 0.048. where MI = l / a  (E;?,). After the last cycle (with the hydrogen 
atoms fixed) the average shift/error was 0.001 152 and maximum shift/error 0.005423. A 
final difference map was practically featureless. 

Scattering factors were taken from Cromer and Mann6 and the anomalous 
dispersion correction was applied.' All calculations were performed on a Univac I100/ 
61 El computer using X-RAY 76 by StewarP: for planes a program MPLN by Truter9 
was used. 

The fractional atomic co-ordinates with the equivalent values of the anisotropic 
temperature factor coefficients for non-hydrogen atoms are given in Table I and for 
hydrogen atoms in Table 11. The anisotropic thermal parameters and lists of the 
observed and calculated structure factors are available as supplementary material from 
the Editor-in-Chief upon request. 

Physical Measuretnents 
Magnetic susceptibilities were measured by the Gouy method at 93.2-303.2 K as 
described in reference 2. The calculated diamagnetic correction used was -241.8 x lop6 
e.m.u. The calibration standard was HgCo(NCS),.'O The magnetic susceptibility data 
are mean values from measurements in three magnetic fields. 

Infrared spectra were recorded in KBr disks (1.7 mg of the compound: 200.7 mg of 
KBr) on a Perkin-Elmer 577 Grating Infrared Spectrophotometer; diffuse reflectance 
spectra were measured on a Beckman DK-2A spectrophotometer as described in 
reference 2. 

T G  curves were run on a Mettler TA 3000 Thermal Analyses System equipped with a 
TG 50 Thermobalance and TC 10 TA Processor. The sample weighed 11.01 1 mg, the 
cups used were of alumina, the heating rate was 5°C m i x '  and the atmosphere was 

TABLE 11 
Fractional atomic coordinates (xl0') calculated for hydrogen atoms 
keeping the non-hydrogen atoms fixed. U(H) = 0.05 A' and N-H and 
C-H = 1.000 A. 

3697 
3214 
1639 
1180 
5069 
5978 
4528 
2745 

3647 
2937 
1295 
982 

1756 
-604 

-2482 
-1159 

743 1 
8814 
7987 
6157 
6200 
6689 
6050 
5130 
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3 86 P. LUMME A N D  E. LINDELL 

FIGURE I A n  ORTEP drawing of the Mn(C,H,N,),Br, complex (with 295 K parametcrs) showing the 
molecular gcomctq and  atom numbering scheme. Thermal ellipsoids are  drawn 11 5O"io prohahility level (or 
the non-hydrogen atoms 

FIGURE 2 Stereo arrangement of the molecule5 in the unit cell of Mn(C,H,K,),Br, viewed down b 

nitrogen (99.998 '30 N2). with a flow rate of 70 cm' min-I. The kinetics of the reactions 
were calculated in the conversion range a = 0.1-0.8. 

Densities of the crystals were determined by the flotation method in tolucne - 
CH,I,. 

RESULTS AND DISCUSSION 

Dtwriptiorr nj' (lie Structure arid Compari~ori., 

Stereo views of the ORTEP drawings12 of the molecular unit and of the molecular 
packing in the unit cell are shown in Figures 1 and 2, respectively. 

The coordination sphere around the manganese(I1) ion is weakly distorted 
octahedral (Figure 1: Table III ) ,  the coordinating pyridine nitrogen atoms N(I), N(l I), 
N(3) and N( 13) situated in the basal plane and the bromide ions Br(l) and Br( 1 1 )  taking 
the apical positions. The mangancse(I1) ion is placed in the basal plane (Table IV). 
Both of the 1.2-diazole rings are practically planar(Tab1e IV) and are tilted with respect 
to each other with an angle of 83.8(4)". The N( 1)- and N(3)-containing 1.2-diazole rings 
are at angles 89.9(2) and 86.4(3)". respectively, with respect to the basal plane. On the 
other hand the basal plane and the N( 1)- and N(3)-containing 1,2-diazole rings are 
inclined at angles 51.3( 1). 38.9(3) and 87.5(3)". respectively. towards the ac-plane. The 
planes Br(l)N(l)MnN(I I)Br(lI) and Br(l)N(3)MnN(13)Br(ll) are calculated to be at 
an angle of 87.8(1)" to each other and at angles 89.5(1) and 88.8(1)". respectively, with 
respect to the basal plane (Table IV). 
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MN(I1) DIAZOLE COMPLEXES 

TABLE I11 
Bond distances (A) and angles (")with e.s.d.'s in parentheses. 

387 

Symmetry code 

Superscript 

None X 
i 0.5-X 

Mannanese coordination sohere 
Mn-h(l) 
Mn-N(3) 
Mn-Br(1) 

(Uncoordinated) 
Mn-N(2J 
Mn-N(4) 
Mn-C(3) 
Mn-C(6) 

2.246(7) 
2.229(6) 
2.729(1) 

3.219(9) 
3.158(6) 
3.24( 1) 
3.253(9) 

1.341(8) 
1.391(16) 
1.320( 14) 
1.362( 16) 
1.325( 1 1) 

1.343(8) 
1.35(1) 
1.33(1) 
1.39( 1) 
1.30(1) 

1.000(7) 
1.000(8) 
1.000(14) 
l.ooO(6) 

Y 
0.5-Y 

Mn-N( 1)-C(3) 
Mn-N( 1 )-N(2) 
Mn-N(3)-N(4) 
Mn-N(3)-C(6) 

N( l)-Mn-N(3), 
N( l)-Mn-N(3)' 
N( 1)-Mn-Br( 1) 
N(l)-Mn-B<l)i 
N(3)-Mn-Br(l), 
N(3)-Mn-Br(I)' 

N( 1)-N(2)-C( 1) 
N(2>-C(1 )-C(2) 
C( 1)-c(2)-c(3) 
C(2)-C(3)-N( 1) 
C(3)-N( 1)-N(2) 

N(3)-N(4)-C(4) 
N(4)-C(4)-C(5) 
C(4)-C(S)-C(6) 
C(5)-C(6)-N(3) 
C(6)-N(3)-N(4) 

"1 l-N(2)-H(1) 
C( l)-N(2)-H(l) 
N(2)-C( 1)-H(2) 
C(2)-C( 1)-H(2) 
C( l)-C(2)-H(3) 
C(3)-C(2)-H( 3) 

N( I)-C(3)-H(4) 
C(2)-C(3)-H(4) 

N(3)-N(4)-H(5) 
C(4)-N(4)-H(5) 
N(4)-C(4)-H(6) 
C( 5)-C(4)- H(6) 
C(4)-C(S)-H(7) 
C(6)-C(S)-H(7) 

N(3)-C(6)-H(8) 
c(51-W- H(8) 

Z 
1-z 

128.4(5) 
1?5.8(6) 
122.3(5) 
132.7(5) 

87.") 
92.2(2) 
91.2(1) 
88.8(1) 
89.6( 1) 
90.4(1) 

110.0(7) 
105.5(9) 
109(1) 
110.2(7) 
105.8(7) 

110.9(6) 
107.5(7) 
105.0(7) 
11 1.8(7) 
10.1.8(6) 

125.0(9) 
125.0(7) 
127(1) 
127(1) 
126(1) 
125.7(8) 
124.9(9) 
124.9(9) 

124.5(6) 
124.5(6) 
126.3(8) 
126.3(9) 
127.5(8) 
127.5(8) 
124.1(8) 
124.1(7) 
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388 P. LUMME A N D  E. LINDELL 

TABLE IV 
.Analyses of the in051 signilkant planes with displacements of each atom. The  e.s.d.'s are given in 
parentheses. 

"X I .  Z are rhe fractional coordinates in direct space 

TABLE V 
Distances and angles in interactions of the type D-H . . . A 

D H A D- H D . . . A  H . . . A  D-H . . . A 
( Al (A) (A) ("1 

A(?) H ( I )  Br( l )  I.Cnfl(7) 3.498( 10) 2.847( I ) 123.4 
N I ~ )  H(5) Br ( l )  I .00(1(7) 3.334(7) 2.623( I )  I27.9(4) 
Ci?)  H(1) Br(l) '  I .000(6) 3.453(8) 2.821( I ) 121.7 

A(?) H(1) Br(l)"  I .(MI( 7 ) 3.668(6) 2.906( I ) 133.6 
C ( h )  H(X) Br(1)' I.(KM)(7) 3.598(8) ?.Ol7( I )  118.1 

SSmmctry position of atom A: ( i )  0.5-X 0.5-Y. 1-Z. ( i i )  I-X. Y. 1.5-Z 

TABLE VI 
Comparison of the unit cell a n d  the M - X  M-N(1) and M-N(3) bond lengths (A) in some 1.2-diazolr 

Compound U b c f i t ' )  M-X M-N(I)  M-N(3) 

Mn(HPz),Br, 
Mn( HPz),Cl,' 
Mn(HPz),(NCS),' 
Mn( MPz),Br,'? 
Ni(HPz),Br," 
Ni(HPz),C'I," 
Ni(HPz),(ON0),I6 
Cu( HPL),CI," 

14.208( 2) 9.454( I )  
13.695(3) 9.426(2) 

X.802(6) 9.695(5) 
14.l2i(7) 9.334(3) 
13.87M I )  9.263(6) 

13.657(5) 9.200(5) 

11.485(4) 12.513(4) 

14.230(4) 9.747(3) 

15.01 5 0 )  1 18.68( I )  2.729( I ) 
l5.?39(2) 118.03(1) 2.579(1) 
1 4 . s q i  I )  ius.oqs) 2.202(6) 
7.613(8) 114.98(4) 2.727(2) 

14.451(3) 1 16.83( I )  2.507( I ) 
14.387(1) 117.85(?) 2.09(l)d 

14.702(2) I18.62(3) 2.682( I )  

14.9UW5) I18.04( I )  2.840( I )  

2.246(7) 
2.249(2) 
2.247(5) 
2.?56(3) 
2.101(4) 
2.097(2) 
2.097(4) 
2.024( I ) 

2.229(6) 
2.229(2) 
2.237(5)  
2.243(3) 
2.080(5) 
2.087(3) 
2.079(4) 
2.009( I ) 

aHPz  = 1.2-Diazole. MPz = 5-Methyl-1.2-diazole. bSpace group Ibr all complexes is C?/c (Z = 4). except 
for Mn(MPz),Br,  when i t  isPI (2 = I ) .  '(a = 105.12(4). y = 92.90(3)). d2 .14( l ) ,  

By considering the molecular packing in the unit cell (Figure 2 )  the crystal structure 
is seen to be formed by separate molecular units which form columns in theb-direction. 
The structure is held together by weak van der Waals forces and  a weak net of inter- and  
intramolecular hydrogen bonds (Table V). 

The structure is thermally rather labile. but the temperature factors (Table 1) and the 
thermal ellipsoids (Figure I )  are. however. of the same order of magnitude as those of 
isostructural complexes (Table Vl)?95*14-'7 Th ese 1.7-diazole complexes. except for the 
\pecks Mn(MPz),Br,. have the same space group CZlc. The unit cell dimensions of the 
Mn(HPz),(NCS), complex only differ with respec& to the basic series. On  the other 
hand i t  is interesting to observe how the insertation of only one methyl group in the 
1.2-diazole ligand is enough to change the space group from C2/c to PI for the 
Mn(MPz),Br, complex (Table VI). 
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MN(I1) DIAZOLE COMPLEXES 

TABLE VII 
Inclination of the 1.2-diazole rings toward the X atoms occupying the 
apical positions in the coordination sphere of the central metal atom for 
some I.?-diazole 

3x9 

Compound A1(0) (King I )  A2(') (Ring 2) 

Mn(H Pz),Br, 
Mn( HPz),CI,' 
Mn(HPz),(NCS),' 
M n( MPz), Br,' 
Ni( H PZ)~BT," 
Ni(HPz),<'l,'' 
Ni( H Pz),(ON0),'6 
Cu( HPz),CI," 

2.6 10.4 
I .9 11.5 
7.7 1.7 
9.4 10.1 
1.7 11.3 
7.0 13.0 
7.2 6.5 
3.0 10.0 

"A, = (C(3)-N(I)-M) - (N(?)-N(l)-M). Az = (C(6)-N(3)-M) - 
(N(4)-N(i)-M). 

The M-N( 1) and M-N(3) bond lengths (Table VI) are seen to be of the same order of 
magnitude in the same complex and  decrease for different complexes in the order 
Mn>Ni>Cu. The M-X bond length, however. seems to depend both on the nature of X 
and  the metal ion. The shortest M-X bond lengths are found in the nitrito 
Ni(HPz),(ONO), and isotiocyanato Mn(HPz),(NCS), complexes. which are least 
distorted, and  longest in the chloro complex Cu(HPz),Cl,, which is the most distorted 
from regular geometry. 

The tendency to form hydrogen bonds between the coordinated X atom or  group and 
the 1,I-diazole rings may be thought to correlate with their inclination toward each 
other.13 The calculated angle differences A, = (C(3)-N( 1)-M) - (N(2)-N( 1)-M) and  
Az = (C(6)-N(3)-M) - (N(4)-N(3)-M) are taken to be measures of the inclination in 
question (Table VII). The angle differences correlate with the tendency of the 
1.2-diazole rings to form hydrogen bonds with the X group. According to the values 
hydrogen bond formation would be about equally strong for both rings in 
Ni(HPz),(ONO), and Mn(MPz),Br, complexes in accordance with the length of the 
hydrogen bonds in the ~ t r u c t u r e s . ~ ~ ~ ~ ~  In the other complexes (Table VII) the ring 2 
would be the stronger hydrogen bonded, except in the case of the isothiocyanato 
complex for which the order is reversed. This complex, however, has only intra- 
molecular hydrogen bonds., These conclusions are also in agreement with the length of 
the hydrogen bonds in the structures if the hydrogen bond is considered to be the 
stronger, the shorter it 

Magnetic, Spectral arid Theriiial Propertie.! 
The susceptibility values for the title complex follow the Curie-Weiss l awxh  = C/(T-8) 
= 4.300/(T-3.30) in the temperature range used (Table VIII). In accordance with this the 
effective magnetic moment perf is practically constant and of the same order of 
magnitude as the spin-only value of 5.92 B.M. indicating that the orbital contribution is 
insignificant. This is also in agreement with the instability of the complex. 

The assignments of the infrared bands (Table IX) are based on results concerning 
similar complexes2 and the spectrum of 1 . 2 - d i a ~ o l e . ~ ~  The spectrum shows obviously a 
v(M-Br) vibration at 715 cm-I and  v(M-N) vibrations at 680, 600 and  580 cm-'. The 
reflectance spectrum of the complex shows only a very weak shoulder' at 23500 cm-I 
which is assigned to the 6Alg - 'TZg transition for the Mn2+ ion. 
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3yo P. LUMME AND E. LINDELL 

TABLC V l l I  
Magnetic data for' Mn(C,H,N,),Br,. 

TI K )  X;,((exp.) xI0' gM(calcd) xI0' P,,, (B.M.) 

93 2 %X7( 60) 4786 5.91(4) 
I(J3.2 43 I5(72) 4307 5.97( 5) 
1132  -391 6(23) 3915 5.96(2) 
1'3.2 3 699( 0 I ) 3588 6W5) 
133 2 3374(92) 3317 6.00(8) 
IJ.I.? 3 I l7(74) 3075 5.98(7) 
153.2 2 n w  37) 2870 5.95(4) 
16.3 2 2720( I 1  ) 2690 5.9q I )  
1 7 . 2  3 0 7 (  18) ' 532  5.90(2) 
1 x 3 2  2369( 10) 239 1 5.89( 1 )  
193 2 2247( 9) 2265 S.90(1) 
703.2 2154(X) 2152 5.92( 1) 
-12.- 7 3 7  2049(4) '049 5.9 1 ( 1) 
,,?-I 19651 Ih)  I956 5.93(2) 
23.3.' I875( 5) 1871 5.92( I )  

257.2 1708( 14) 1721 S.88( 2) 
263.2 IU3( 13) 1655 5.88(2) 

'83.2 1462(35) I537 5.7q7) 

(cgs emu)  (cgs emu) 

213.2 1776(19) 1793 5.88(3) 

- I > . -  ,-- 1 1 mw) I593 S.89(6) 

29.3.' 144'(7S) 1484 S.82(5) 
303.2 1398(23) 1434 5.83(5) 

TABLE IX 
Ohsened  infrared bands (cm-I) in the Mn(C,H,N,),Br, complex and their assignments." 

~ ~~ 

Band Assignrneni Band Assignment Band Assignment 

3335vsh 
3280~s  
312Srn 
3105s 
'970w 
292OW 
2 8 5 0 ~  
1 7 4 5 ~  
1622m 
1.513s 
I46'VS 

1453s 
l395vs 
342vs 
1253rn 
IlSOS 
I12ovs 
lllovs 
1055vs 
1037vs 
937vs 
Y2mW 

908 s 
893m 
8 7 0 ~ ~  
858m 
782vs 
768vs 
715s 
680s 
64SVW 
600s 
580s 

"h = broad. m = medium. s = strong. sh = shoulder. v = very. w = weak. v = stretching. 6 = bending. 
c' = comhination. o = oveltonrs 

The thermal and kinetic data (Figure 3; Table X) compared with the Ueq (Table I )  or 
Urql!* values suggest that the first two 1.2-diazole molecules lost were those coordinated 
through the N(I )  and N(11) nitrogen atoms and in the second and third step those 
coordinated through the N(3) and N(13) atoms. The view is in agreement with the hydrogen 
bonding pattern (Tables V and VII) and the anisotropic temperature factor values. 
These results confirm the general conclusions drawn earlier in this The 
"reaction order" values, differing a little from zero, point to the fact that the loss of 
ligands is not purely dissociative but also involves d i f f ~ s i o n . ' ~  The apparent activation 
energy and frequency factor values point to the equality of the N(3)- and 
N( 13)-containing 1.2-diazole molecules although they are lost in a stepwise fashion. 
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FIGURE 3 T G  curve of Mn(C,H,N,),Br, in a dynamic N, atmosphere. 

The stability and decomposition temperature range of the MnBr, formed (Table X) 
differ considerably from results obtained earlier for MnBr, during decomposition of 
MnBr,2H,O in a dynamic nitrogen atmosphere.20 This is obviously due to the nature 
and mass ofthe beginning compound and of the MnBr, formed. In the earlier study, the 

TABLE X 
T G  data for Mn(C,H,N,),Br,. 

Residue (% from total) 

Process Temperature Found Calculated Reaction Activation In At 
range ("C) order n energy 

(W mol-') 

Mn(C,H,N,),Br, 
I-ZC,H,N, 103-191 0.132) 832)  16.4(5) 
Mn(C,H,N,),Br, 71.5 72.0 
l-C,H,N, 19 1-225 0.2q I )  121(2) 24.7(6) 

I-C,H,N, 225-287 0.23 I )  llY(2) 20.5(4) 
Mn(C,H,N,)Br 57.4 58. I 

MnBr, 287-444 43.2 44. I 
I-Br, + N, 444-542 0.35(5) 1 4 . ~ 7 )  16(1) 
MnN, 412 1x.o 17.0 

aA = the frequency factor (k = A x e-Ed(RT)). 
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392 MN(I1) DIAZOLE COMPLEXES 

amount of MnBr,ZH,O used was 309 mg the N, flow was 40 cm3 min-' and the cup used 
was a porcelain crucible. whereas in the present study the complex weighed only 1 1 mg, 
the nitrogen flow was 70 cm3 min-' and  the cup fabricated from alumina. In the earlier 
study20 the MnBr, formed seemed to sublime to a considerable degree: this was not 
observed in the present case. 

The final residue formed (Table X)  is probably a mixture of manganese nitride?' 
rather than a pure compound such as MnN,. in accordance with results in the 
literature.,' The stahle nitride with highest nitrogen content reported in the literature,, 
is Mn,N, for which the calculated residue would be only 13.7 in the present case 
(Figure 3 ) .  For MnO,,, and  MnO, the residues are 16.7 and  17.9%. respectively, but their 
formation would not be likely given in the experimental conditions employed. 
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