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(Received I0 December 1996; Revised I April 1997; h j i n a l  form 22 September 1997) 

A mixed ligand 1.2 manganese(I1) azido complex of ethyl nicotinate has been synthesized 
and characterized by spectroscopic and crystallographic methods. The structure consists 
of a two-dimensional manganese-azido compound with each manganese atom in a truns 
octahedralo environment, bonded to four azido ligands [Mn-N = from 2.199(4) A oto 
2.231(3) A] and two axial ethyl nicotinate ligands [Mn-N = 2.285(3) and 2.308(3) A]. 
Two azido ligands are coordinated end-on between the manganese atoms giving planar 
and centrosymmetric Mn,N, units. Each Mn2N, unit is linked to four neighboring Mn2N2 
units by means of four end-to-end azido bridges. The IR and Raman spectra correlate with 
the structure of the complex. The vibrational bands are compared with those of the free 
ligand. The EPR spectra of polycrystalline powder and solutions of the complex are 
measured at room temperature and discussed. The thermal decomposition of the complex 
was investigated derivatographically under nitrogen. 

Keywords: 
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ethyl nicotinate: azido; manganese( 11) complex; thermal; crystal structure; 

The number of first row polynuclear complexes in which the paramagnetic 
centers, e.g. ,  copper' and nickel2 are linked by means of azido ligands, has 
markedly increased in the past few years as a result of the fact that the magnetic 
behaviour of the azido systems changes with the coordination mode of the ligand. 

"Author for correspondence. 
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120 M. A. S. GOHER et al. 

End-to-end coordinated azide gave from moderate to very strong anti- 
ferromagnetic coupling3-'j, whereas end-on coordination generally gave ferro- 
magnetic The nuclearity of the polynuclear compounds is 
frequently greater than two. The manganese-azido system, on the other hand, has 
been poorly explored to date and the few reported compounds show a variety of 
dimensionality and magnetic behaviour. We have reported the monomeric 
compound [Mn(quind)(N3)(H20)1.H,0 (quind = quinaldic acid)'I, the complex 
[NaMn(py~) (N~)~(H~0)~]  (pyz = 2-pyrazinic acid), which is the first structurally 
characterized 1,1 -azido dinuclear manganese compound12, the two dimensional 
compound [Mn(pic)(N3)(H20)] (pic = picolinate), which contains carboxylato- 
manganese MnzOz units linked to four neighboring MnzOz units by means of 
four end-to-end azido bridges 13, and the three-dimensional [Mn(pyridine),(N3),1. 
sy~tem'~ .  Recently, Rojo et al. reported the structure and magnetic character- 
ization of the dimeric (,~-N~)~[Mn(terpy),]~(X,) (terpy = terp~ridine)'~ and the 
ferro-antiferromagnetic alternating chain [Mn(bpy)(N&] (bpy = bipyridine)"j. 

In the present study we describe the synthesis and structural characterization 
of a polymeric 1:2 complex of manganese(I1) azide with ethyl nicotinate 
containing alternate end-on and end-to-end bridging azido ligands, elucidated by 
crystallographic and spectroscopic methods. The thermal properties of the 
complex are also described. 

EXPERIMENTAL 

Ethyl nicotinate was purchased from Aldrich and the other chemicals were of 
analytical grade quality. 

Preparation of [Mn(N3),(ethyl nicotinate),], Complex 

An aqueous solution of NaN3 (0.455 g, 7.0 mmol) was added dropwise to a 
mixture of an aqueous solution of manganese(I1) chloride trihydrate (0.59 g, 3 
rnmol) and 30 mL of ethanolic solution of ethyl nicotinate (1.5 g, 10 mmol). The 
final clear solution was kept in a refrigerator for several weeks to produce 
colorless fine crystals of the complex. The fine crystals were filtered off and then 
dissolved in hot water. The filtrate was allowed to stand in a refrigerator over 
several weeks to produce pale yellow crystals with a tint of green color. These 
crystals were suitable for X-ray diffraction measurements. Anal. Calcd (%): C, 
43.55; H, 4.10; N, 25.38; Mn, 12.24. Found: C, 43.7; H, 4.2; N, 25.3; Mn, 
12.4. 
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MANGANESE AZIDE 121 

Physical Measurements 

Raman spectra were obtained using a Perkin-Elmer System 2000 NIR FT-Raman 
spectrometer. The power of the laser beam used was approximately 80 mW. IR 
spectra were obtained using a Bruker IFS-25 model IT-IR spectrophotometer. 
Solid samples were measured as KBr pellets and liquid ligand as a capillary film. 
The experimental procedures and instruments used for other measurements are as 
described previously". 

X-ray Crystallography 

A modified STOE four-circle diffractometer was used for single crystal X-ray 
measurements. Orientation matrix and lattice parameters were obtained by least- 
squares refinement of the diffraction data from 47 reflections in the 2&theta; 
range 10-26". Data were collected at 295(2) K using graphite crystal- 
monochromatized Mo-Kn radiation (A = 0.71069 A) and the m-scan technique. 
The intensities were corrected for Lorentz-polarization effects, for absorption18 
and also for intensity decay [Intensities of three standard reflections dropped 
during data collection by 26%, thus resulting in a Rint value of 0.04801. 
Crystallographic data and processing parameters are given in Table I. 

The structure was solved by Patterson methods and subsequent Fourier 
analyses. Anisotropic displacement parameters were applied to non-hydrogen 
atoms in full-matrix least-squares refinements based on F2. The hydrogen atoms 
were assigned with common isotropic displacement factors and included in the 
final refinement cycles by use of geometrical restraints. The programs 
DIFABS18; SHELXL-9319, and SHELXS-8620, both incorporated in the 
SHELXTL/PC*l program package, and PLATON22 were used for computations. 
Analytical expressions of neutral-atom scattering factors were employed, and 
anomalous dispersion corrections were in~orporated~~. Fractional atomic coor- 
dinates are listed in Table XI; selected bond distances and bond angles are given 
in Table 111. Positional parameters, anisotropic displacement parameters, 
hydrogen atom coordinates, a full list of bond lengths and angles and observed 
and calculated structure factors are available from MASG. 

RESULTS AND DISCUSSION 

The reaction between manganese(I1) ions and ethyl nicotinate in the presence of 
the azide ion in aqueous or aqueous/ethanolic media afforded the title complex. 
The complex is insoluble in cold water, ethanol, acetone, benzene and 
chloroform, but soluble in boiled water, DMF and DMSO giving rise to non- 
conducting solutions. 
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122 M. A. S. GOHER et al. 

TABLE I Crystallographic data and processing parameters 

Molecular formula C ,,H18MnN804 
Molecular weight 441.32 
Color light green 
System, Space group Monoclinic, P24c 
a (A) 15.122(4) 
b (A) 8.815(3) 
= (A) 15.170(5) 
ff ("1 90 
P ("1 91.45(2) 
Y cob 90 
V (A3), 2022(1) 
Z 4 
~(MoKcu) (mm-') 0.693 
Normalized transmission factors 1.000-0.459 
Dcaic/Dohs ( W m 3 )  1.450/1.46(2) 
Approx. crystal size (mm) 
2&theta; range of data collection (") 
Reflections collected 4534 
Independ. refl./R,,, 3624i0.0480 
Parameters 270 
Goodness-of-Fit on F,* 1.062 
R ,/wR, 0.0579/0.1402 
Weighting factors*: a/b 0.0887/0.0928 
Largest peak/hole ( e k 3 )  0.2731-0.586 

*) w-' = [d(F,2) + (aP)2 + bP] and P = (Fo' + 2FLL)/3 

0.80 x 0.60 x 0.30 
2.97-26.49 

Figures 1 and 2 illustrate the principle structural features of the Mn(N,),(ethyl 
nicotinate)2 complex, in which the manganese atom is located in a trans 
octahedral environment. Each manganese atom is bonded to four azido ligands 
and two axial ethyl nicotinate molecules. The four azido ligands behave 
differently: two azido groups act as p( 1 ,  I ) bridging ligands between two 
manganese atoms giving rise to planar centrosymmetric Mn2N2 units, and the 
other two azides are p( 1,3) bridging. Thus each Mn2N, unit is linked to the four 
neighboring Mn2N, units by four p( 1,3) bridging azides, forming a two- 
dimensional manganese azido structure. Bond parameters in the p( 1,l) units 
show normal values for this kind of unit: Mn(1)-N(l 1) = 2.229(3), Mn( 1)-N( 1 la) 
= 2.231(3) A, Mn(l)-N(ll)-Mn(la) = 102.1(1)" and Mn(1) ... Mn(la) = 3.469(2) 
A. The p( 1 , I )  azido groups are more asymmetric [N( 1 1)-N( 12) = 1,193(4), 
N(12)-N(13) = 1.164(5) A] than p(1,3) azido ligands [N(21)-N(22) = 1.150(5) 
and N(22)-N(23) = 1.165(5) A]. All azido ligands of both types, however, are 
linear within experimental error "(1 l)-N(l2)-N( 13) angle = 178.4(4)" and 
N(21)-N(22)-N(23) angle = 177.4(4)"]. As found for other metal complexes with 
p( 1,l) azido ligands the shorter N-N bonds are remote from the metal atomz6 28. 

The Mn-N(L) bond lengths are longer than corresponding distances reported in 
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MANGANESE AZIDE 123 

TABLE I1 
lo3). U, is one third of trace of the U,, tensor; estimated standard deviations in parantheses). 

Atomic coordinates ( X  lo4) and equivalent isotropic displacement parameters (Az X 

Atom d a  Y b  d C  Ue*d2) 

8X1) 
-596(2) 

-1261(2) 
- 1921(3) 
-537(2) 
-689(2) 
~ 869(2) 
- 1125(2) 
- 1893(2) 
-2621 (3) 
-2575(3) 
- 1802(4) 
- 1094(3) 
-3433(3) 
-4114(2) 
-3308(2) 
-402 l(3) 
-3631(4) 

1200(2) 
2023(2) 
2680(2) 
2498(3) 
1664(3) 
1040(3) 
3561(3) 
3689(3) 
4169(2) 
5049(3) 
5705(3) 

-55(1) 
1214(4) 
1930(3) 
2599(5) 
1279(5) 
2348(4) 
3403(4) 

- 1633(4) 
- 1037(5) 
- 1903(5) 
-3447(6) 
-4088(5) 
-3 151(5) 
- 1156(7) 
- 1853(5) 

278(4) 
1139(8) 
2591(7) 
1690(3) 
1299(5) 
2328(4) 
3861(5) 
4280(4) 
3 180(4) 
1719(6) 
422(5) 

2768(4) 
2230(8) 
3355(8) 

1142(1) 
48(2) 

108(2) 
163(3) 

2185(3) 
2587(2) 
30 1 O(3) 
1272(2) 
1537(3) 
1738(3) 
1657(3) 
1378(3) 
1189(3) 
2082(3) 
2 194(3) 
2268(2) 
2669(4) 
2955(5) 
1145(2) 
921(2) 
762(2) 
849(3) 

109 l(3) 
1236(3) 
501(3) 
347(4) 
433(2) 
199(5) 
458(5) 

37 
44 
49 
86 
68 
43 
65 
46 
48 
53 
68 
71 
54 
66 

116 
74 
90 

108 
41 
45 
42 
46 
50 
45 
59 

121 
72 

1 04 
106 

the structure of trans [Mn(N3)2(3-picoline)2(H20)21 [2.252 (27) but 
comparable with those found in the structures of polymeric [Mn(picolina- 
to)(N,)(H,O)], [2.278(3) All3, and [Mn(4-a~etyl-pyridine)~(N~)~],, [2.291(3) 

The structure of the title complex, 1, differs from that reported for [Mn(4- 
acetylpyridine),(N,),]., 2, although 2 contains octahedrally-coordinated man- 
ganese atoms linked by four end-to-end azido ligands and two molecules of 
4-acetylpyridine in trans arrangement. In complex 2, each of the four azido 
ligands bridges two manganese atorns’O rather than two Mn,N, units found in 
complex 1. Complex 1 also differs from the structure of [Mn(pyridine),(N3)2]n, 
which is very similar to that of complex 2, but consists of a three-dimensional 
polymerI3. The reported structural parameters for complex 3 are: Mn-N(py) = 

A p .  
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124 M. A. S.  GOHER et al. 

TABLE 111 Selected interatomic distances (A) and angles (deg.) for 2, with estimated standard 
deviations in parantheses. 

Mn(1). . .Mn( la) 
Mn( l)-N(21) 
Mn(1)-N(l1) 
Mn( 1)-N(2) 
N(l1)-N(12) 
N( 12)-N( 13) 
N(22)-N(23) 
N(1)-C(5) 
C(1)-C(2) 
C(2)-C(6) 
C(4)-C(5) 
C(6)-0(2) 
C(7)-C(8) 
N(2)-C( 13) 
C(10)-C( 11) 
C(ll)-C(12) 
C( 14)-0(3) 
0(4)-C(15) 

N(21)-Mn( 1)-N(23b) 
N(23b)-Mn( 1)-N( 11) 
N(23b)-Mn( 1)-N( 1 la) 
N(2 I)-Mn( 1)-N(2) 
N(l l)--Mn(l)-N(2) 
N(21)-Mn( I)-N( 1) 
N(l l)-Mn(l)-N(l) 
N(2)-Mn( 1 )-N( I )  
N(12)-N(ll)-Mn(la) 
N( 13)-N(12)-N( 11) 
N(21)-N(22)-N(23) 
C(5)-N( I)-C(I) 
C( 1)-N( 1)-Mn( 1) 
C(3)-C(2)-C( 1) 

C(3)-C(4)-C(5) 
C( l)-C(2)-C(6) 

O( l)-C(6)-0(2) 
0(2)-C(6)-C(2) 
C(8)-C(7)-0(2) 
C(9)-N(2)-Mn( 1) 
N(2)-C(9)-C( 10) 
C(9)-C(lO)-C(14) 
C(12)-C(l l)-C(lO) 
N(2)-C( 13)-C(12) 
O(3)-C( 14)-C(10) 
C(14b0141-C( 151 

3.469(2) 
2.199(4) 
2.229(3) 
2.285(3) 
1.193(4) 
1.164(5) 
1.165(5) 

1.381(5) 
I .498(6) 
1.389(6) 
I .308(6) 
1.469(8) 
1.343(5) 
1.385(5) 

1.184(6) 
1.465(6) 

1.344(5) 

1.374(5) 

98.3(2) 
167.7(1) 
89.8( 1) 
88.1(1) 
89.4(1) 
84.8(1) 
90.9(1) 

172.9( 1) 
128.0(3) 
178.4(4) 
177.4(4) 
116.7(4) 
118.7(3) 
1 19.1(4) 
120.0(4) 
119.0(4) 
125.2(5) 
112.6(4) 
106.3(5) 
12 1.1(3) 
123.7(4) 
117.6(4) 
118.2(4) 
123.2(4) 
123.2(4) 
115.7(4) 

Mn( 1). . .Mn( Ib) 
Mn( 1)-N(23b) 
Mn(1)-N(1 la) 
Mn( 1)-N( 1) 
N(l 1)-Mn(la) 
N(21)-N(22) 
N(23)-Mn( Ic) 
N( 1 )-C( 1 ) 

C(3)-C(4) 
C(6)-0( 1) 
0(2)-C(7) 
N(2)-C(9) 

c(2)-c(3) 

C(9)-C( 10) 
C( 10)-C(14) 
C( 12)-C( 13) 

C(15)-C(16) 
C( 14)-0(4) 

N(21)-Mn(l)-N(I 1) 
N(21)-Mn(l)-N(l la) 
N(l I)-Mn(1)-N(1Ia) 
N(23b)-Mn( 1 )-N(2) 
N(l la)-Mn(l)-N(2) 
N(23b)-Mn( 1)-N( 1) 
N(l la)-Mn(1)-N( 1) 
N(12)-N(lI)-Mn(l) 
Mn(1)-N(l I)-Mn(1a) 
N(22)-N(2 1 )-Mn( 1) 
N(22)-N(23)-Mn( Ic) 
C(5)-N( I)-Mn( 1) 
N( 1 )-C( 1)-C(2) 
C(3)-C(2)-C(6) 
C(2)-C(3)-C(4) 
N( I)-C(5)-C(4) 
O( l)-C(6)-C(2) 
C(6)-0(2)-C(7) 
C(9)-N(2)-C( 13) 
C( 13)-N(2)-Mn( 1) 
C(9)-C(10)-C(l1) 

C( Il)-C( 12)-C( 13) 
C(l l)-C(lO)-C(14) 

O(3)-C( 14)-0(4) 
O(4)-C( 14)-C( 10) 
C(16)-C1151-0(4) 

6.042( 3) 
2.200(4) 
2.231(3) 
2.308(3) 
2.23 l(3) 
1.150(5) 
2.200(4) 

1.368(7) 
1.375(7) 
1.214(5) 
1.463(6) 
1.343(4) 
1.372(5) 
1.499(5) 
1.375(5) 
1.309(5) 
1.450(8) 

1.345(5) 

94.1(2) 
172.0( 1) 
77.9( I ) 
9 1 3  I )  
92.1(1) 
89.7(1) 
94.9(1) 

125.6(3) 

156.2(3) 
133.1(3) 
124.1(3) 
123.4(4) 
120.9(4) 
1 18.9(4) 
122.9(4) 
122.1(5) 
119.2(4) 
116.6(3) 
121.6(2) 
118.8(3) 
123.6(3) 
119.5(4) 
123.3(4) 
113.5(4) 
109.4(5) 

102.1 (1) 

symmetry codes: (a) -x, -y, -2;  (b) -x,  y - 1/2, -2 + 112; (c) -x, y + 1/2, -7, + 1/2. 
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MANGANESE AZIDE 125 

C B A )  

CI7Al 

FIGURE 1 
Hydrogen atoms are omitted for clarity. 

Molecular geometry and atom labelling scheme of [Mn(ethyl nicotinate),(N,),],. 

FIGURE 2 A view onto the Mn-N-sublattice of [Mn(ethyl nic~t inate)~(N~)~] , .  MnN, polyhedra are 
connected by different types of azide bridges to form a two-dimensional sheet structure. 
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126 M. A. S. GOHER et al. 

2.259(3), Mn-N3 = 2.195(5) and 2.217(4) A, Mn-N-N = 145.4(4) and 
134. 1(3)Ot3. 

The IR and Raman spectral data for the title complex along with those of the 
free ligand are collected in Table IV. Both IR and Raman spectra show two bands 
in the region 2150-2000 cm-’, as well as two bands in the region 1370-1250 
cm-’, associated with asymmetric and symmetrical stretching vibrations of the 
azido groups, respectively. For the symmetrical azide ion or azide ligand (where 
the two N-N distances are equal), the va, and 6 modes are IR-active but Raman 
inactive whereas the us mode is IR inactive and Raman active. The two azides in 
the present structure have A d values (the difference between two N-N distances) 
of 0.015 and 0.029 A, for N(l l)-N(12-N(13) and N(21)-N(22)-N(23) groups, 
respectively. The former azide, therefore, may be considered symmetric or very 
slightly asymmetric. Accordingly, a very strong IR band and a very weak or no 
band in the Raman spectrum due to ua5 mode, and an infrared band and a strong 
Raman line due to the us mode for the slightly asymmetric azide group are 
expected. Figure 3(a) and (b) show the regions 2100-2000 cm-I and 1800-400 
cm-’ of the Raman spectrum of the title complex. It is clear that a medium band 
appears at 2076 cm-’ together with a very weak line at 2030 cm-’ and a very 
strong line at 1371 cm-’ together with a medium line at 1280 cm-’. The very 
weak line (uas mode) and the very strong line (us mode) are due to the slightly 
asymmetric N(ll)-N(l2)-N(l3) azido ligand, and the other lines are due to the 
other azide. According to Agrell” and others”, the position of the u,,N3 band 
depends, to the first approximation, on the degree of asymmetry of the azide 
group. However, while two bands due to vas N3 appeared as expected, their 
positions in infrared and Raman spectra are not consistent with the A d vs. vasN3 
relationship; according to which they should appear around 2015 and 2029 crn-’. 
It is possible that the high values reflect bending of the Mn-N-N angles and their 
difference of about 28”. Also, it is possible that the coincidence of the vibrations 
related to the two azides with such similar A d values leads to some resonance 
or configuration interaction. In the far infrared region, two bands assigned as the 
vMn-N3 mode and one or two bands due to vMn-N-(L) mode appeared in the 
infrared and Raman spectra. The stretching Mn-N3 vibrations occur at 373 and 
362 cm-’ in the Raman spectrum of [Mn(bpy)(N,),] (bpy = bipyridine) 
containing only terminal azido ligands””. With the porphirinic ligand TMP, the 
uMn-N3 vibration was found at 394 cm-’ in the infrared spectrum of 
N3Mn(III)TMP”. Lower frequency of the Mn-N3 stretch observed in 
[Mn(N,),(ethyl ni~otinate)~], is consistent with the lower charge on the Mn atom 
and reflects the gradual decrease of the Mn-N, stretching vibration frequencies in 
the order Mn(1V) > Mn(II1) > Mn(I1). 
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TABLE IV IR and Raman spectral data (cm-I). 
-~ 

Ethyl nicotinate Complex 
1R Raman 1R Raman Assignments 

1714 vs 

1581 m 

1461 wm 
1412 wm 

1358 m 
1319 w 
1284 vs 

1181 w 
l l l 0 v s  
1037 wm 
1020 5 
850 m 
740 
700 s 
613 wm 

1384 v~ 

395 win 

1721 m 
1592 vs 

1454 w 

1395 vw 
1367 w 
1310 w 
1284 m 

1 I96 wm 
I111 wm 
1040 vs 
1020 m 

1418 vW 

854 m 

707 wm 
621 wm 

396 vw 
333 m 

I97 m 

2100 s 
2065 vs 
1720 vs 
1603 m 
1575 wm 
1510 w 
1464 wm 
1413 wm 
1387 wm 
1360 wm 
1321 w 

1288 vs 
1212 w 
1133 ms 
1044 wm 
1012 w 
868 w 
740 ms 
694 m 
648 wm 
617 
433 w 
415 w 
285 s 
265 s 
240 s 

2076 wm 
2030 vw 
1725 ms 
1604 ms 
1587 m 
1490 w 
1453 w 
1427 w 
1390 w 
1371 vs 
1337 s 
1294 ms 
1280 m 
1199 w 

1050 111 
1037 s 
859 wm 

708 wm 
641 wm 

431 w 
410 w 
338 m 
294 win 
220 m 
200 in 

V * \ ( N 3 1 
%(N,) 
v.,,(C=0) 
pyridine 
pyridine 
pyridine 
pyridine 
pyridine 
pyridine 
v,O") 

v(CCO), P(C-W 
v,, ringbreathing 
vIz, ring breathing 

&COO) 
v ring 
v ring 
&N,) 
v ring 

vMn-N, 
uMn-N, 
vMn-N(L) 

w = weak, m = medium, s = strong, v = very 

The room temperature X-band EPR spectrum of a polycrystalline sample has 
been recorded. The spectrum shows a narrow intense isotropic signal centered at 
g = 1.98, accompanied by a weak hyperfine structure on both sides as seen from 
Figure 4(a). The peak-to-peak band width is 35 G. The g value is consistent with 
the room temperature g values of 2 found for manganese(I1) azido complexes of 
related pyridine ligands and their magnetic properties are consistent with 
alternating ferro-antiferromagnetic compounds10. The complex dissolves in  DMF 
and DMSO and its spectra in these solvents have been recorded; the spectrum in 
DMF is shown in Figure 4(b). It is clear that the isotropic signal in the solid state 
spectrum splits into six lines when the complex dissolves in DMF due to the 
hyperfine structure of Mn" (I = 5/2) with a splitting factor (A) of 91.8 G. This 
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I 1000 GOO 200 

wave number 

FIGURE 3 Raman spectra of [Mn(ethyl ni~otinate)~(N,),],,. 

c I I I I I L I 

2000 3000 4000 [GI 

FIGURE 4 EPR spectra of the complex, (a) solid state and (b) in DMF solution. 
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100.0 

50.0 

spectrum is very similar to that of the DMSO solution and to those of hexa- 
coordinate manganese(I1) complexes with ground state 6Ss,23s'36. 

The thermal decomposition of [Mr~(N,)~(ethyl nicotinate),], complex is 
represented in Figure 5(a) and (b). The first step of the thermal decomposition 
consists of loss of one ethyl nicotinate molecule and one half of a nitrogen 
molecule, rather than a nitrogen atom (loss of weight (%); experimental 38.28, 
theoretical 37.33) around 260-170°C. This is followed immediately by loss of the 

% T e  

, 

EX0 

Temp [ "C] 

0.00 200 400 600 800 

Temp ["C] 

FIGURE 5 Thermal decomposition of [Mn(ethyl nicotinate),(N,),],. 
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130 M. A .  S. GOHER et al. 

second half of the nitrogen molecule, another nitrogen molecule and degradation 
of the carboxylate groups giving rise to C2H, and CO, molecules. The 
experimental loss of weight in this stage is 25.17% whereas the theoretical is 
25.85%. That there is no plateau between these two stages suggests that both are 
stages of one step or one process [Figure 5(a)]. The DTA curve starts this step 
with an endotherm (T,,,, = 157" "C) followed by an immediate endotherm with 
a T,,, = 184"C, suggesting that they are stages of one process although these two 
endotherms appear as if they are well separated. The AH for the first endotherm 
is -39.5 kJ/mole and that for the second endotherm is -40.1 kJ/mole. The TG 
curve shows that step 2 starts immediately after the second stage of step 1, with 
a gradual loss of weight that reaches a value of 13.1% at 277°C. which does not 
reflect a simple one atage process. Although the DTA curve shows that step 2 is 
well separated from step 1, it shows a narrow exotherm followed immediately by 
an endotherm with T,,, = 275°C. The gradual loss of weight continued to reach 
5.0% around 408"C, after which no loss of weight occurs till 800°C. The residue 
after 408°C is 18.43%, suggesting that a reductive [Mn"-Mn'] degradation is 
completed at this temperature in a dynamic nitrogen atmosphere, and a polymer 
residue of the empirical formula [Mn(CN)], is indicated by the calculated weight 
loss of the complex. 
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