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Abstract:

ZrO(ll), Zr(IV), H(IV), VO(II), La(Ill) and Sn(Il) complexes of H,L',
H,L? and H,L* have been synthesized and characterized by elemental analyses,
IR, UV-Vis, conductances, thermal analyses (DTA and TGA). The analyses
showed that in all complexes except (5,7, 12, 14) and (19) the ligands behave as
monobasic tridentate ligands bonded via the enolic carbonyl oxygen of the
hydrazide moiety and coordinated via the azomethine nitrogen and pyrazolone
oxygen atoms as in complexes (3-4, 6, 10-11, 13) and (16, 17, 18, 20 and 21) or
neutral tridentate ligands coordinated via the ketonic carbonyl oxygen of the
hydrazide moiety, the azomethine nitrogen, pyrazolone oxygen atoms as in
complexes (2, 9, 15) and (21). In complexes (5, 12 and 19), the ligands behave as
monobasic didentate ligands bonded via the enolic carbonyl oxygen of the
hydrazide moiety and coordinated via the pyrazolone oxygen atom. In case of
complexes (7) and (14), the ligands H,L'? behave as dibasic or neutral
hexadentate ligands bonded via the carbonyl oxygen of the hydrazide moiety in
enolic or ketonic form, the azomethine nitrogen and pyrazolone oxygen atoms.
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Introduction
Schiff base and hydrazones are widely used in analytical chemistry as selective metal
extracting agents as well as in spectroscopic determination of certain transition metals [1].
Hydrazones and their metal complexes have attracted attention due to their wide
applications in biological, pharmaceutical, catalysis, spectrophotometric determination,
extraction and treatment of wastewater field. They have also photochromisim prosperities
[2]. The poly acrolein-isonicotinic acid hydrazone resin is used for the selective separation
and preconcentration of palladium and platinum ions in road dust [3]. The dialdehyde
cellulose hydrazone derivative was used in treatment of sewage wastewater [4]. 2-hydroxy-
1-naphthaldehyde isonicotinoylhydrazone which had iron chelation efficiency and marked
as antiproliferative activity and potential for the treatment of cancer [5,6] Hydrazones also
played important roles in improving the antitumor selectivity and toxicity profile of
antitumour agents by forming drug carrier systems employing suitable carrier proteins [7].
Investigation of Aim.
Synthesis and study of effect the hydrazone ligands and some metal
complexes of on some microorganisms
Expermental ,
The starting chemicals were of analytical grade and provided from Merck
Company (Darmstadt, Germany). IR spectra of the solid ligand and complexes were
recorded on Perkin-Elmer infrared spectrometer 681 or Perkin-Elmer 1430 using
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KBr disc. The 'H -NMR spectra were recorded with a JEOL EX-270 MHz FT-NMR
spectrometer in de-DMSO as solvent, where the chemical shifts were determined
relative to the solvent peaks. The molar conductivity of the metal complexes in
DMSO at 10° M concentration was measured using a dip cell and a Bibby
conductimeter MC1 at room temperature. The resistance measured in ohms and the
molar conductivities were calculated according to the equation: A=VxKxMw/gxQ,
where: A = molar conductivity (ohm™ em? mol™), V = volume of the complex
solution, K = cell constant 0.92 cm™, Mw = molecular weight of the complex, g =
weight of the complex, Q = resistance measured in ohms. Electronic absorption
spectra were recorded on a Shimodzu 240 or Perkin Elmer 550 spectrometer using 1-
cm quartz cells taking DMSO as solvent. Nujol mull electronic spectra were
recorded using whatman filter paper No.l and referenced against another similar
filter paper saturated with paraffin oil. The thermal analyses (DTA and TGA) were
carried out in the air on a Shimadzu DT-30 thermal analyzer from 27 to 800 °Cata
heating rate of 10 °C per minute.Elemental analysis (CHN) was performed in the
Analytical Unit within Cairo University (Egypt) by the usual methods of analysis.
Preparation of monohydrazone and dihydrazone ligands

The hydrazone ligands were prepared by standard method [8].

Preparation of metal complexes

All complexes except (5, 7, 12, 14) and (19) were prepared by adding salts
of ZrO(II), Zr(IV), HRIV), and La(II) (1 mmol, in 20 mL of ethanol) to hydrazone
ligands (1 mmol, in 20 mL of ethanol) in the presence of 1 mmol triethylamine. The
mixture was refluxed while stirring for three hours. The resulting solid complexes
were filtered off, washed several times with ethanol and dried under vacuum.The
complexes (7) and (14) were prepared by adding salts of Sn(I1) (2 mmol, in 20 mL of
ethanol) to dihydrazone ligands (1 mmol, in 20 mL of ethanol). The mixture was
refluxed while stirring for four hours. The resulting solid complexes were filtered
off, washed several times with ethanol and dried under vacuum. The complexes (5,
12) and (19) were prepared by adding salts of VO(II) (1 mmol, in 10 mL of water) to
dihydrazone ligands(2 mmol, in 20 mL of ethanol). The mixture was refluxed while
stirring for four hours. The resulting solid complexes were filtered off, washed
several times with ethanol and dried under vacuum.

Microbiology:
Fungus Media:

Czapek dox agar medium was prepared by standard method [9]. The
chemicals were weighted and redissolved in the DMF (dimethylformamide) as
solvent to get the tested concentrations 50 ppm. Aspergillus Niger was spread over
each dish by using sterile bent Loop rod. Disks were cut by sterilized Cork borer and
.hen taken by sterilized needle. The resulted pits are sites for the tested compounds
‘The Plates are incubated at 30 °C for 24- 48 hrs. then any clear zones present were
detected.

Bacteria Media:

s Nutrient agar medium was prepared by standard method [9]- The
chemicals were weighted and redissolved in the DMF (dimethylformamide) as
solvent to get the tested concentrations 50 ppm. E.coli was spread over each dish by
using sterile bent Loop rod. Disks were cut by sterilized cork borer and then taken
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by sterilized needle .The resulted pits are sites for the tested compounds. The plates
are incubated at 37 °C for 24- 48 hrs. then any clear zones present were detected.
Results and discussion

The ligands H,L' [N",N*®-bis((1,5-dimethyl-3-ox0-2-phenyl-2,3-dihydro-
1H-pyrazol-4-yl)met-hylene)adipohydrazide], H,L’ [N'I,N"'-bis((l,5-dimethyl-3-
oxo-2-phenyl-2,3-dihydro- 1H-pyrazol-4-yl)methylene)succinohydrazide], H,L* [N'-
((1,5-dimethyl-3-oxo0-2-phenyl-2,3-dihydro- 1 H-pyr-azol-4-yl)methylene)-2-
hydroxybenzohydrazide] and their metal complexes (2-7),(9-14) and (16-21) were
found to be stable at room temperature. The complexes were found to be insoluble
in common solvents such as ethanol, acetone, water and chloroform but soluble in
DMF and DMSO. The elemental analysis confirmed that the complexes (2-4, 6, 9, 10,
11, 13, 16, 17, 18, 20 and 21) were found to be composed form ligands and metal ions
with molar ratios equal to 1:1, However, the complexes (5, 12 and 19) were found to
be composed form ligand and metal ions with molar ratios equal to 2:1 [Table 1]. On
the other hand the complexes (7) and (15) were found to be composed form ligand
and metal ions with molar ratios equal to 1:2. [Table 1].
IR spectra

The infrared spectrum of the ligands showed a strong band in the range
1600-1683 cm™ which assigned to v(C=0%) groups of hydrazide moiety, whereas the
two medium bands appeared in the ranges 3240-3328 and 3150-3214 cm™' assigned
to the v(NH) groups [10,11]. These observations indicated that the ligands present in
the ketonic form in the solid state [12]. The spectrum of the ligands also showed
relatively strong bands in the ranges 1643-1650, 1588-1609 and 958-1025 cm’
which may be assigned to the v(C=0") of the pyrazolone ring [13,14], v(C=N) of the
azomethine group [15], and the v(N-N) band [16,17] respectively.The most
important signals appeared in the infrared spectra of the metal complexes (2-7, 9-14
and 16-21) were presented [Table 2]. By comparison of the infrared spectra of the
complexes with that of the free ligands, we can observe the disappearance of the
bands characteristic to v(NH) and v(C=0) in case of complexes (7) and (16-21). This
may be due bonding of the ligand to the metal ions in the enolic form via the enolic
carbonyl oxygen atom. This result is supported by the appearance of a new bands in
the ranges 1595-1605 cm™” and 1575-1583 cm™ which may be assigned to the
conjugated system v(C=N-N=C)and v(N=C-O%) respectively [17,18]. In case of
complexes (2-6, 10-13) and (14) the ligands H,L' and H,L.? coordinated to the metal
ions via only one arms. These results attiened from the appearance of new bands in
the ranges 1644-1679, 1615-1641, 1556-1598 cm™ assinged to the carbonyl oxygen
of the hydrazided moiety, carbonyl oxygen of pyrazolone ring and v(C=N) of the
azomethine group respectively. This finding indicates that the carbonyl oxygen of
the hydrazided moiety and carbonyl oxygen of pyrazolone atoms take part in the
coordination with metal ions [13, 14]. At the same time, the characteristic band of
the v(N-N) which appeared in the spectra of the ligand in the range 958-1025 cm™!
shifted to higher frequency and appearing in the range 997-1029 cm™. The lowering
of the v(C=N) frequency and the higher frequency of the v(N-N) band confirmed
the hypothesis which stated that the azomethine nitrogen atom participated in
coordination with the metal ions [19]. The appearance of a new bands appeared in
the ranges 539670 and 447-513 cm™ for different complexes may be assigned to
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the (M«—0) and v(M«N) respectively [17, 20]. These findings were taken as
indication that the ligands were coordinated with the metal via carbonyl oxygen
atoms of the hydrazide moiety and pyrazolone and the azomethine nitrogen atoms.
The spectra of complexes (5, 12) and (19) showed a band located in the range 948-
979 cm™ which may be assigned to v(V=0) frequency [13,21]. Complexes (2, 9) and
(16) showed band in the range 736-798 cm’! assigned to the v(Zr=0) [22] frequency.
In ail complexes there are a broad bands appeared in the range 3403-3482 cm
assigned to water molecules [12]. Based on the foregoing discussions together with
the results of elemental analysis we can say that in all complexes except (7) and (14)
the ligands behave as monobasic tridentate ligands bonded via the enolic carbonyl
oxygen of the hydrazide moiety and coordinated via the azomethine nitrogen and
pyrazolone oxygen atoms as in complexes (3-4, 6, 10-11, 13) and (16-21) or neutral
tridentate ligands coordinated via the ketonic carbonyl oxygen of the hydrazide
moiety, the azomethine nitrogen, pyrazolone oxygen atoms as in complexes (2) and
(9). In case of complexes (7) and (14) the ligands H,L!? behave as dibasic or neutral
hexadentate ligands bonded via the carbonyl oxygen of the hydrazide moiety in
enolic or ketonic form, the azomethine nitrogen and pyrazolone oxygen atoms.
'H-NMR spectra

The 'H-NMR spectrum of the ligands H,L"? measured at room temperature
using de-DMSO showed that the ligand is present in two isomers in their ketonic
form [8, 23]. This conclusion was gained from the presence of two peaks for the N-
H group located 10.85-12.3 ppm [12,13, 24, 25] and azomethine group H—C=N
which located in the range 7.8-8.35 ppm [11,19]. The integration of the two sets of
signals related to N-A and H—C=N groups clarified that the ratio between the two
isomers was in the range 42:58. The spectrum also showed a set of peaks observed
as multiple in the range 6.8-7.85 ppm that may be assigned aromatic protons {10, 13,
24, 25]. The signal which appeared in the ranges 3.2-3.3 and 2.50-2.55 ppm may be
assigned to (N—CHs) and (C—CH) of the ligand respectively [14, 24, 25]. The
signal appeared at 2.49 and 1.64 ppm may be assigned to (CH,—CH,) and
(CO—CH,) [26, 27] respectively. Based on the previous finding it is clear that the
ligand is present only in the keto form. This finding was confirmed from the
appearance of the NH signal (11.05 ppm) and absence of the OH signal of the enolic
form. Many authors [12, 28] reported the same conlusion.
The molar conductivity

The molar conductivities of 1 x 10 M solutions of the metal complexes in
DMSO solvent at room temperature were found to be ranged between 5.0 and 33.5
ohm™' ¢i® mol” [Table 1]. These values refered to the non-electrolytic nature of all
complexes. The considerable high conductance values for some complexes may be
due to the partial solvoysis of them [29,30].

Electronic absorption spectra of the ligands and there metal complexes

The eldctronic absorption spectrum of the ligands H,L!, H,L? showed that
the ligand exhibits three bands in the ranges 255- 260, 300-315 and 315-325 nm.
The first one assigned to intraligand n—7 transition in the benzoniod moiety which
nearly unchanged on complexation. The second and third bands may be assigned to
the n—on" and charge transfer transition of the azomethine and carbonyl groups.
These bands shifted to higher energy on complexation indicating the participation of
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these group in coordination with metal ions [12, 31] The electronic absorption
spectrum of the thried ligand H,L* exhibits five bands located at 265, 310, 320, 350
and 380 nm The first one which appeared at 265 nm may be attributed to n—sx"
transition of the benzenoid moiety of the ligand, whereas the second one which
appeared at 310 nm may be attributed intraligand n—n" transition. The third band
appeared at 320 nm may be attributed to hydrogen bonding. The last two bands
which appeared at 350 and 380 nm may be assigned to n—m transition of the
azomethine and carbonyl groups. These bands were found to be shifted to lower
energy on complexation indicating the participation of these groups in the
coordination with metal ions [12, 18]. In addition, the spectra of the complexes were
showed new bands observed in the range 340-370 nm, which may be attributed to
the charge-transfer bands [31]. Usually electronic absorption spectra of the six
coordinate oxovanadium(IV) complexes d' are characterizaed by the presence of
three absorption bands corresponding to B,—E (dy—dxz dyr), 2B2—>2B1 (dy—dy.
y2)» B2—?A; (dyy—d2). The electronic absorption spectra of complexes (5, 12) and
(21) in DMSO solution showed a broad band centered in the range 660-685 nm
which may be assigned to superimposed transitions *B,~—>E (dy—dys, dyy), B,—’B;
( dy—dany), B,—2A; (dy—dy) [25]. This indicates that the oxovanadium
complexes have a distorted octahedral geometry. The electronic absorpation spectra
of the zirconyl(l), zirconium(IV) and hafinium(IV)complexes (2-4), (9-11) and (16-
18) in DMSO solution exhibit bands appeared in the ranges 445-565 and 375-400
nm awhich may be assigened to charage transfer and d-d transitions respectively
[22,35]. Based on the results of elemental, thermal analyses, IR, 'H -NMR, mass and
electronic spectra, electron spin resonance as well as molar conductivity and
magnetic moment measurements the structural formula of the studied complexes
was suggested had been diamagnetic complexes.
Thermal Analyses (DTA and TGA)
The results of TGA and DTA analyses of complexes are shown [Table

4]. The results show good agreement with theoretical formula as suggested from the
analytical data [Table 1]. Complexes (2), (3), (20) and (21) lost hydrate water
molecules in the temperature 75-100 °C range and were accompanied by an
endothermic peak. The coordinated water molecules were eliminated from their
complexes at relatively higher temperature than those of the hydrate water molecules
(Table 4). The removal of an HCI molecule was observed for 2), 3), (20) and (21)
complexes in the temperature 240-310 °C range, which was accompanied by an
endothermic peak. The complexes decompose through degradation of the hydrazone
ligand at a temperature over than 500 °C leaving metal oxides (530-550) range. The
thermal decomposition of complex (2) can be represented as follows:

[H,L'ZrOCl,(H,0)].8H,0 _7_O_°C [(HL)ZrOCI(H,0)] + 8H,0

[H,L'ZrOCL(IL0)} 120°C, [(HL)NiCL] + H,0O

[ H,L'ZrOCl,] _290 ‘i,c (HL)ZrO] +Cl,

[ H,L'ZrO] 440, 540 {C  ZrO, + volatile organic residue
The thermal data are shown [Table 4].
Biological activity

The antibacterial and antifungal activities of their ligands and their metal

complexes were screened using the disk diffusion method [36, 37]. The variation in
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the effectiveness of different compound against different organisms either depends

on the impermeability of the cell of the microbes or differences in ribosomes of

microbial cells [38-40]. The in vitro antimicrobial activity of the synthesized
compounds was assayed on bacterial and fungal strains. All the compounds showed

a good antibacterial activity against Gram-negative bacteria (Escherichia coli).

Compund (15) proved to be the most effective, against on bacteria. Complex (4) was

given a high activity against on Aspergillus Niger. However, there is a marked

increase in the bacterial and fungi activities. The zone effect of this compound

showed in Fig. 4.

Conclusion

From the above results, we can conclude with the following remarks:

1. The ligands behave as monobasic tridentate ligands, neutral tridentate ligands,
monobasic didentate ligands and the ligands H2L1-2 behave as dibasic or neutral
hexadentate ligands.

2. All metal complexes are diamagnetic complexes.

3. The antibacterial and antifungal activities of their ligands and their metal
complexes showed that, complex (15) proved to be the most effective, against on
bacteria and complex (4) was given a high activity against on fungi.
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DMF as a standered salution
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SYNTHESIS AND CHARACTERIZATION OF METAL COMPLEXES

there metal complexes.

Table 1. Analytical and some physical Characteristics for the ligands and

| B M. Caled (Found) % Yeild
No. Campound/Complex Color | ™™ Wi | APm -
c0) C H N %)

1 | HiL' (CicHsiN:O8) White 278 | 5706 | 63.1(62.9) g:g) 196094 | ~ | 8 |
2 | [HL'(ZrO)Ch(H:0)].8H:0 | Y"\E&“{f“ >300| 9109 (3(9)‘_3) é';) | 123(124) | 13 | 70
3 | [HLY(ZrCl14H0 Yellowish 123001 439, (fé'_g) | (‘5‘:‘1’) 13.4(135) | 53 | &
4 | [HL'HECL] 41,0 Y"\Sﬁ;"fh >3°°| 854.4 égf) (2:}) 170(17.1) | 84 | 65
5 | [(HL":VOL.6H,0 Darkgreen | % | 13143 (‘Zf‘) (gﬁ) 13.3(13.0) |33.5] 70
6 | [HL'LaCl,H50] white |20 797.4 (22:;) | (i'_‘]‘) 141(143) [141] @7
7 | [L' SnyCL(H,0),] 25,0 white | 200 985.1 égf‘) ‘ (j"g) 11.4(116) [153] 7
8 | ELL? (CosHoNsO4) White | 526 (gf:g) (g‘g) 207204) | - | 8
9 | zrocn.6H,0 Ye\}vlﬁi‘;’fh 8284 (:g:g) (gzg) 135(137) |05 | 6
10 | [HL2ZrC1) 350 Yevljgi‘:’fh >300 gy (21"‘2‘) (2'.2) 13.8(125) |21.1| 67
n | HLHECK] 41,0 Yexgmsh >300| 19062 | 55.7(55.2) é:g) | 186(183) |13.8| 68
12 | [(HL3;VOL3H:0 Dark Green |00 | 759.6 (ﬁﬁ) (3';) 147 (146) |302] 75
13 | [HL?LaCLH,0] veilow | 7390 7875 (22‘7‘) (‘3'23) 142(139) 105 67
14 | [HL? SnCL(H:0)] white |39 o579 éi;) (g'_g) 117119 [115] 73
15 | HL? (CisHisN:03) Yevlvlgftv;s*‘ 211 | 350.4 (gg:;) 52(53) | 1600157 | — | 95
16 | HUZrOCIFEOM]2H,0 | Paleyellow |00 | 564.1 (jg:;) (2:‘3‘) 9998 |23.5| 76
17 | [HL*Z:CL,] 25,0 Paleyellow | 00| 583.0 83:;) (gzg) 96(9.4) [173] 60
18 | [HL’HECL].2H;0 Paleyellow | 20| 6703 é::g) (g:(l)) 8481 | 61| 6l
19 | [(HL*)VOlL. 2H,0 Dark green |00 | 803.8 é%) (ig) 139(139) |278| 67
20 | [HL® LaCL(H;0) H,0 Orange | % 5052 (ggg) (:;'_Z) sa1012) |92 T
2 -l[HLl SnCI(H,0)] white | 2% s39.6 (jé'.g) (gzg) (}gﬁgi 18] 6

point or decomposition temperature

“Molar conductivity as 10 M solutions (ohm™ cm™ mol ™), B is melting
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Table 2. IR spectral assignment for the ligands and there metal complexes.

No. COmpour;d/Complex .v(]aniceHzo) ;_l(zcg)"rdl — c=o’l‘ Cm c=o‘|’ Ly NZC- gle %r}:{[ \é(lr;/[
1 |HoL' (C3oH34N300) - e [3240,3214| 1683 1647 1606 | - | 958 |~ | = |mm
2 |[HL'(Zr0)Cl(H0)].8H,0|3650-3300  |3290-2780 | 3255,3219 | 1685,1670 | 1648,1629 | 16071598 k 1018 670/504|425
; [HLY(ZCl;].4H,0 35603200 |—ormr % | 1618 |1647,1635| 16041595 1561 [1019{627|479 420
4 |[HL'HFCL] .4H,0 3550-3280 |- [32503220| 1679 |1649.1631|1604,1598 1563 1016 627479|418
5 |[(HL"),VO].6H,0 35803400 [zoo 3206 1644 | 1609 1593 | 1558 |1010|536| 448 |-

6 |[HL'LaCl,H0] e (3300, | 3240 | 1661 :1645,1624 1608,1556 “154; 1020 627|504 | 424"
7 |[L'SmyCl(H,0),].2H,0  |3600-3270  [31002900 - | - 1634 1600 | 1543 |1021638| 508|390
8 .Hsz (CagHaoNsOs) e 3328,3203| 1668. 1650 1609 B L e
9 |[HL?ZrOCI].6H,0 25703280 |—- 3211 1666 |1649,1618|1607,1594 | 1548 |1010 657E513 423
10 |[HL*ZrCl;].3H,0 3540-3220 | ——  [31953101] 664 |1645,1615|1606,1578 | 1548 1012 617I506 423
11 |[HL’Hf Cl;].4H,0 3590-3280 | 3201 1665 |1649,1641|1610,1593 | 1546 ;01; 657|513 421
12 |[(HL*),VO].3H,0 35002320 |—- 3180 1665 |1647,1625|1606,1586 | 1554 979 620]'497 L

13'[HL2LaClz.HzO] -------- 3202800) 3250 1666 | 1649,1631 | 1605,1595 | 1546 1012 612|511 419
14 |[H,L2 $n,Cly(H;0);] [ 32602750 | 3206 1665 | 1650,1625 1604,1590:""--: ------ 991 [600|505|423
15 IH;L (C1oH1gN,03) [— [ 32503150 1600 1643 1588 | - [1025) - | - |——
16 .[HL’ZrOCl(HZO)Z].ZHZO 36503400 (53803250 - -~ 1633 1595,15on 1521 | 1031|562 480|405
17 |[HL’ZrCL].2H,0 |3550-3340 | - - 1629 |1599,1577 | 1551 | 1029530 449 4m20
18 |[HL*Hf Cl}].2H,0 35503250 | - . 1640 | 1599,1575 | 1541 ;1025 544|447 4~1l5~
19 |[(H.L*,VO]. 2H,0 .|3570-3360 w |- . 1617 |1601,1583 I 1535 1027570 475 |
20 |[HL’LaCL(H:O)LHO (36603270 pasg 2ol - 1639 | 1605,1580 | 1543 | 1024565490 as

. | -
21 _[HIﬁ SnCI(H,0),} e pe0s20| - - 1625 |1soz,1579| 1539 1027!575 465 e

C=0"is the carbony] of the hydrazide moiety, C=0 s the carbonyl of the

pyrazolone ring
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Table 3. Electronic spectra of the lizands and there metal complexes

No- Ligand / Complexes Bands in DMF

1| BLL' (CaohiN;Os) 325, 315, 255

2 | [HL'(Z10)CL(H,0)].8H;0 535, 385, 330, 315, 260
3 [HL'(ZrCl5].4H,0 465, 390, 330, 310, 260
4 | [HL'HfCl] 4H,0 450,375, 330, 310, 260
s | (HL'WVOL6H0 ggg 390, 360, 345, 310,
6 | [HL'LaCl.H,0] 345,325,255

7 | L' SnCla(H:0)4] 210 335,315,255

8 | HL? (CasHzN:Os) 315, 300, 255

9 | [HLZrOCI.6H,0 555, 400, 330, 320, 260
10 | [HL?ZcCL)3H,0 455,390, 325, 305, 260
11 | [HL?HECL]4H0 475,385, 330, 310, 260
2| (HLAVO] 30 gz(s} ;gg 375, 360, 345,
13 | [HL’LaClH0] 325,310, 255

14| [ SnClEON] 330, 315, 255

15 | HL (CisHisNO3) 370, 350, 320, 305, 260
16 | [HL*ZrOCI(H,0);].2H0 ;gg 400, 380, 325, 310,
17| HUZCLL2H0 i
18| [HULECLI2M0 42123, 400, 380, 330, 3300,
19 | [HL:VO]. 25,0 ggg 390, 360, 345, 350,
20 | [HL®LaCl(H,0)|.H,0 380, 355, 310, 300, 260
21 | [HL?SnCI(H;0)] 370, 345, 320, 300, 260
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Table 4:- Thermal data for the metal complexes
Comp. | Temp. DAT (peak) TGA (Wt. loss | Assignment
No. (o3} %)
| Endo Exo Calc. Found
2) 70 endo - 16.0 158 Loss of hydrated water (8 H,0)
120 endo  ---- 230 . 270 Loss of coordinated water (1 H,O)
290 endo ...... 9.70 10.0 Loss of hydrochloride molecules (2)
440 — exo '
540 ———- exo0 18.2 17.8 Decomposition with the formation of ZrO,
3) 80 endo  -—-- 858 8.6 Loss of hydrated water (4 H-0)
310 endo -~ 14.3 14.0 Loss of hydrochloride molecules (3)
360 endo  ---—-
450 —men exo
540 ——- eX0 18.7 17.9 Decomposition with the formation of ZrO,
| (20) 75 endo  ---- 3.0 32 Loss of hydrated water (1 H:0)
285 endo - 3.1 3.0 Loss of coordinated water (1 H,O)
295 endo  --—-- 13.0 13.2 Loss of hydrochloride molecules (2)
390 - exo
415 nmn exo
495 - €xo
550 - exo 31.8 312 Decomposition with the formation of La0O
@n 140 endo - 6.7 6.6 Loss of coordinated water (2 H,0)
240 endo - 7.3 7.5 Loss of hydrochloride molecules (1HCI)
370 - exo [
470 - exo
520 - €X0
530 - ex0 289 285 Decomposition with the formation of SnO

T



